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TI -TLE OF THE | NVENTI ON SPI RO PI PERDI NES—AND HOMOLOGS WHI CI-(BP%&)&OT
RELEASE OF GROAMH HORMONE 5 BA! THE | NVENTI ON \ @l
G owt h hornone, which is secreted fromthe lacedstl mul at es growt h

#Ssues of the body tRat are capab I n addition,

growthorrmneﬁs known-to h eth foIIo effects on the

met abol i ¢ processes of the bofly: : Increased rate of protein
synthesis in all cells of the bod)) : Decreased rate of
carbohydrate utilization in cgllsof the body, 3.
I ncreased nobilization of freg fatty aci dd and use of fatty 188991BY
acids for energy. 20 *A deficiency in growth hornone secretion
can result in various nedical di sorders, such as dwarfism

Various ways aTgrK . ; [ h hor none. For exanpl e,

chem cal s such r QL aLne ~ol - , = DOPA) ,
gl ucagon, vasogﬁg ' '1%@%%@?&%0& wel | as
activities sucR&ﬁASEg@FﬁRW}@RMMEect | y cause growth hor none
to be released fromthe pituitary by acting in{fsSo @&éfﬁg on tre
hypot hal anﬁs perhaps either to decrease somato tat' iBHEBS to 3G

i ncrease the secretion of the known secretagog Boh Opdpene ‘ to paged 133
rel easing factor (GRF) or an unknown endogenou \M, )horm@@g_,ﬁq :
rel easi ng hornmone or all of these.

_ Dr eSa 0er e L RCT eased
| evel s of growth hornone were desired, the 2 AVHH %s Eﬁg@ """" I ga¥§l"%d
by provi di ng exogenous growt h hornone or b m n| ster?ﬁg GRE [oPagge oeees
pepti dal conp [.G. nul hor rone producti on and/ or
rel ease. GR: N | e of the corrpound

necessit at g%l that it be Growth hormone, which is secreted from the pituitary,
stimulates growth of all tissues of the body that are capable of growing.
In addition, growth hormone is known to have the following basic
effects on the metabolic processes of the body:

1.  Increased rate of 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.

Various ways are known to release growth hormone. For
example, chemicals such as arginine, 1.-3,4-dihydroxyphenylalanine
(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 acting in some fashion on
the hypothalamus perhaps either to decrease somatostatin secretion or to
increase the secretion of the known secretagogne growth hormone
releasing factor (GRF) or an unknown endogenous growth hormone-
20 releasing hormione or all of these. .

" Incases where increased levels of growth hormone were
desired, the probiem wis generally solved by providing exogenous
growth hormone or by administering GRF or a peptidal compound
which stimulated growth hormone production andfor release. In either
case the peptidyl nature of the compound necessitated that it be
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adm nistered by injection. Initially the source of growh hornone was

the extraction of the pituitary glands of cadavers. This resulted in a
very expe S|ve product and carried with it the risk that a disease 5
associ at€d with the source of the pituitary gland could be transmtted to
t he re€|p|ent of the growth hornone. Recently, reconbinant growth

hor nrone has becone avail abl e which, while no | onger carrying any risk

of disease transmi ssion, is still a very expensive product which nust be

given by injection or by a nasal spray. O her S
have been devel oped which stinulate the ~2- release of endogerlggggwg\?vth
hor none such as anal ogous pepti dyl conpounds related to GRF or the
peptides of U S. Patent 4,411, 890. These peptldes whi | e consi derably

sl | er t han_ adntihidterodbysnjateon. Initill) ihessaesoriw Hotfictiswas

r ot eases es, .1 hei 0 i al5for or

Bl oavail abilit ??x:‘m&m%&[ é’t‘%’ &iﬂ)‘g‘nﬁg %ﬁ’é’ lﬁ’% ?ﬁyg{qdd'@ &nal ogs
for ‘pronoting expmvegrodnwnﬁdmmm 1tthdmsktha€asixsédse in a

bar ent br gl gi’“yﬁéééﬁq?(?ﬁwﬁ? Fo0f 1B et ang, R BR PR o

The instant i ntherecipiens r&e@wth arpione. cRapenﬂmgecombmmtgmmb t he

ability to stl rofet gé\dozﬁé ‘*;?ﬁ#,

hornone. The cgrép ungs hus ,hgve ﬁa b Q{mﬁﬁe use to g@
condi ti ons whi ¢ EEERESHON S Wi awewegpmmeme bzchma tion
or secretion s P By HijeRHOR 6r ¥y hhagal mzl ency of natural growth

h i I f f‘ood t at

of Growth ggr mone. wi ! - ltoer Sompaumds Bave bes 6¥RI0R sév?meh stirSilafy H

Thus, it is anreleaseof ehdogencussgrontthihorarsrnésucheasiasaliof b§nd yl spiro

conpounds

prggedures for%ohﬁé%g‘?mjﬁggkg r’r’ﬂéi’ﬁi’%‘ﬁg?fﬁg 4E’r e@b

object is to ddbesse pspt!des,m ilefconside gromdhhomeenesaaneet i on

of growt h -hor Pﬁ?& f

t hi g i nvent i ogﬁlig gtu,p s% cogﬁ&on&mogﬁfl ning ﬁ)as’ésle%):?

compounds {gr patential WMCP‘EBP@W &ecase
non-peptide analogs for promoting the release of growth hormone

whlch are stable in a variety of physiological environments and which
may be administered parenterally, nasally or by the oral route.

SUMMARY ¢ INVENTIO
" The instant invention covers certain spiro compounds
which have the ability to stimulate the release of natural or endogenous
growth hormone. The compounds thus have the ability to 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 production where the
stimulation of gmwt’h hormone will result in a larger, more productive
arimal. Thus it Is an object of the instant invention to describe the
spiro compotnds. It is a further object of this invention to describe
4o Procedures | for fhb preparation of such compounds. A still further
. object is tbﬂesei%e the use of such compounds to increase the secretion
- HiORRAE 1 fiinans and animals. A still further object of
this invenition is o detcribe compositions containing the spiro
compounds for the use of treating humans and animals so as to increase
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- 3- the | evel of growmh hornone secretions. Further objects wll

becone apparent froma reading of the follow ng description.
DESCRI PTI GN OF THE | NVENTI ON 5 The novel spiro conmpounds of
t he ins_t.é{nt i nvention are best described in the foll ow ng
structural formulas | and Il: [err] Rlerr] is
Cerr]-Cerr] alkyl, aryl, aryl (derr]-Cerr] alkyl) and Cerr]-Cerr]
cycl oal kyl 25 (derr]-Cerr] alkyl) or Jerr]-Cerr]

alkyl -K-Cferr]-Cferr] alkyl, aryl(Cerr]-Clerr] -al kyl)-K-

(derr]-Cerr] alkyl), C(err]-Clerr] cycteatkyl (Cerr]-Cerr] 18899IBY
alkyl)-K-((err]-Cerr] alkyl) where Kis O S(Oferr],

N(Rlerr]) (O, A(ONRerr]), OC(O) C(O)O Or | -CRlerr] =CRlerr] -
or -Clerr]C V\ﬁfy lgqjé&/\?

Rlerr] and al k gyggﬁf%&&vﬂghﬁ Ltu Bjtégt altbc?ggﬁne 30
S(O) [ err] R er ripparent @nm[ 8&#& Wx-aryl groups nmay be
further substituted by phenyl, phenoxy hal ophenyl 1-3 Jerr]-Cerr]

| kyl, 1 &E t , t hyl di ,
E;(Ogl[err]l?gg,err E ﬂ@l[-w M%ﬁ”] ey enedl oxy

The novel spiro compounds of the instant invention are best
described in the following structural formulas I and IT:

* IRZ ?a 0R4 * RZ $s 'R4
10 RCN-G—ATN_ Ri—G—N-G—A—N,
0 5 I O Rs
(E=O (‘)::0
N

. Q _ | N
15 :
.4
= Jn

: J:l: [7'
20 R
s Rap
_ Formula i Formula Il

Ry is C1-C10 alkyl, aryl, aryl (C1-Cg alkyl) and C3-C7 cycloalkyl

25 (C1-Cealkyl) or C1-Csalkyl-K-C1-Cs alkyl, aryl(Co-Csalkyl)-K-
(C1-Cs alkyl), C3-C7 cycloalkyl(Co-Cs alkyl)-K-(C1-Cs5 alkyl) where
K is O, S(O)m, N(R2IC(0), C(O)N(R2), OC(0), C(O)O, or
-CR2=CR2- or -C=C- where the aryl groups are defined below and the
R2 and alkyl groups may be futher substitated by 1 to 9 halogen,

30 S(O)mR2g, 1 to 3 OR23 or C(O)OR2a and the aryl groups may be

~ further substitated by phenyl, phenoxy, halopheny], 1-3 C1-Cg alkyl, 1
to 3 halogen, 1 to 2 OR2, methylenedioxy, S(O)mR2, 1 to 2 CF3,
OCF3, nitro, N(R2)(R2), NR2)C(O)R2, C(O)OR2, C(O)N(R2)R2),
SO2NR2)(R2), N(R2)S(0)2 aryl or N(R2)SO2R2;

This Sheet Has Been Replaced

Hllllll IIIIII Illl 1l



rr])(QRerr], (OQORerr],

OCF[err], nitro, N(Rerr])(Rerr]), N(R e

C(ON(Rlerr])(Rierr]), Sgerr] N(R er ])(R[err])
N(Rerr])S(Oferr] aryl or, N(Rerr])SOerr]Rerr]; -4-
Rlerr] S hydrogen, Cferr]-Clerr] alkyl, C(err]- C[err] cycl oal kyl, and
where two Cerr]-Cerr] al kyl groups are present on one atom they may
be optionally joined to forma Cerr]-Cerr] cyclic ring optionally

i ncl udi ng oxygen, sulfur or NRerr]; 5 Rlerr] is hydrogen or
Cerr]-Cerr] alkyl; R3a and R3b are I ndependent |y hydro gen,
Cerr]-Cerr] alkyl, ORerr], - cyano, ‘bCF[err] rrethylenedr%gﬁjry?ro
S(Oferr]R CF[err] or C(O)CR[err] and when R3a and R3b are in an
ortho arrangement, they rray be jOI ned to forma (err] to (err]

al i phatic or aRoP hydroged, mweymalk aﬁdwherehwoec«zacerrs

selected fromo fur or n err ecr,

i ndependent |y ﬁﬁé&c@'@ﬁps@{@m @Pr eaat@}n they Yth?t%ﬁl )F.]Q%Fart?] 15
al kyl where t hfomnbsCrtUgrdyrlitaning optional 1heludm% génphyaifoxor NRpg; 3
Cerr]-Cerr] al kanoyl oxy, 1 to 3 err]-CJerr] a koxy phenyl , phenoxy,
2-furyl, Cerr] -Clerr] alkoxycarbonyl, S(O[err](Cerr] -(err]

al kyl'); or R[eRZamdwdipgen]or@p-(t‘z@ allgdden together to form .
-(CHerr])[err]L[err] (CHerr])[err]- where L[err] is C(R[err])[err], O

AN - AN VIR L R s A
Ais: cyano, OCF3, methylenedioxy, nitro, S(O)mR, DFQ{ or C(O)OR2 and
when R3a and R3} are in an ortho arrangemient, they may be joined to
form a C5 to Cg aliphatic or aromatic ring optionally including 1 or 2
heteroatoms selected from oxygen, sulfur or nitrogen;

10

R4 and R5 are independently hydrogen, C1-Cg alkyl, substituted C1-Cg
alkyl where the substituents may be 1 to 5 halo, 1 to 3 hydroxy, 1 to 3
C1-C10 alkanoyloxy, 1 to 3 C1-Cg alkoxy, phenyl, phenoxy, 2-furyl,
C1-Ce alkoxycarbonyl, S(O)m(C1-Cg akkyl); or R4 and R5 can be taken
together to form ~(CH2)rLa (CH2)s- where L, is C(R2)2, O, S(O)m or
N(R2), r and s are independently 1 to 3 and R2 is as defined above;

15

20 R¢ is hydrogen or C1-Cg alkyl;

Ais:

. . R,

25 — (CHz)x-“!?——(CH»y—'
R?a

or

30
. R,

— Z-(CHz)x—-(;)——(CHz)y-—
H?a

e —
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where x and y are independently 0-3; Zis NRerr] —OL Q. __ Rerr]

and R err] are independently hydrogen, (err]-Cerr] alk err]
trifluorg}rethyl, phenyl, substituted Clerr]-Clerr] al kyI enRePIaced
substituénts are imdazolyl, phenyl, indolyl, p- hydr

OR[err}, 1 to 3 fluoro, S(O[err]Rerr], C(O)CR[err] u’[mm
cycloal kyl, N(Rferr])(Rerr]), CCONRerr])(Rerr] R err]

Rl err] can independently be joined to one or both of R[err] and R[err]

groups to form al kyl ene bridges between tpe term nal nitrogen
aI kyI portion of the Rerr].or R err] grogps, wherein the bri@gggﬂgﬂ ns 1

5 carbon atons; B, D, E, and F are independently
C(R[err])(R[err]) O CO S(Oferr], or NRerr], such that one or two
of BD, E, or mee%aﬁﬂt}#ﬁ@iﬂd&?ﬁlﬂmm& provide a 5, 6, or 7
membered ri ng nﬁoﬁrow d that B, D" E and F can be
C(R[err])(R[ez @nly when one of the remaining B, D, E and F

groups is si M7 mﬁ@iﬁdﬂﬁn@p@ﬂmﬂyhgdmﬂmﬂ]hcw ORp, D and E

taken { 0gg! hor AT ﬁjﬂﬁ%ﬁ@fﬁ?@%ﬁwlﬁ%@ Serp il &ﬁ’%ﬁﬂﬁfﬁﬁ and E

or Fis sinul mm@m phenyl-mdolgl, peydroxypheoyl, ORleta B BueroR err]

are md%endeﬂ(%ﬂé m lSﬁ]k] gaglﬂ (G)N 2)(R2),0r
(Gyerri el Qiiio O e o

substi tut ed z@p rkrpﬁ ehe biid sb&k%bﬁ]th@[t@ﬂfﬂna&hﬁ&bgeﬁa&ﬂthem[e”f.

A9 R errho 5 R ki LB G 1,

C(O)R[err
aryl, A( ReevarbpiRatomsy, C(O N(Rlerr]) (CHerr])[err] aryl, (O ORerr],
1- H-tetrazol 5-yl, SQerr]H SO02NHC err]N, SCIerr]N(R[err])aryI

SJerr]N(R err]) err]) and,t he err ) beo i.onal l
substituted b fsi mqeaen}ieaﬂxﬁ O)m, %ﬁ“@syl may

be optionally W Lmegé?g g
I, 1 to 2
g%) N( R[ e(r)§] ) c%& Oﬁs%‘iz“@@q‘!@ﬂ[ 8’]@1{ IFlF éﬁﬁg s t@%SFhal ogen,
é(B;)NHSq ] mfb]&C(RS)GRFO C——Q anly wihenzone/of tHe rrheining 8,-B; [Elané]l
err r err

aryl , SOZNHC[ m%&ﬁ fs 05111 &(Wﬂﬁ %{dt

| er may be R10- or CR10=N or B and DorDand E
taken together may be CR8=CR 0 provided one of the other of B and B
or F is simultaneously O, S(O)m or NRg;

20

Rg and R10 are independently hydrogen, R2, OR2, (CH2)q aryl,

(CH2)q C(OYOR2, (CH2)q C(O)O(CH2)q aryl or (CH2)q (1H-tetrazol-

5-y1) and the aryl may be optionally substituted by 1 to 3 halo, 1to2
»s C1—Cg alkyl, 1 to 3 OR2 or 1 to 2 C(O)OR2;
Rg is R2, (CH2)q aryl, C(O)R2, C(O)(CH2)q aryl, SOZRZ, S02(CH2)q
aryl, C(O)N(Rz)(Rz), C(O)N(R2)(CH2)q aryl, C(O)OR2, 1-H-tetrazol-
5-yl, SO3H, SONHC=N, SO2N(R2)aryl, SO2N(R2)(R2) and the
(CH2)q may be optionally substituted by 1 to 2 C1-C4 alkyl, and the R2
and aryl may be opnunally further substituted by 1 to 3 OR2a, O(CH2)q
aryl, 1 to 2 C(O)ﬁm 1 to 2 C(0)O(CH2)q aryl, 1 to 2
C(O)N(R2a)(R2a), 1 10 2 C(O)N(R22)(CH2)q aryl, 1 to 5 halogen, 1 to
3 C1-C4 akkyl, 1,2.4-triazolyl, 1-H-tetrazol-5-yl, C(O)NHSO2R 23,
S(O)mR2a, C(OYNHSO2(CH2)q aryl, SO2NHC=N, SO2NHC(O)R2a,

30



- 6- Sqerr]NHC(O)(CI—l[err])[err]aryI, N(Rlerr] ) CCONRerr])Rerr]),
rI)(ON(Rerr])(CHerr])[err] aryl, NCRerr})y(Rrer}) -

N(Rlerr]) XORerr], N(R[err])C(C»(O*[errﬂh)s&ﬁ‘éen}asﬁée}{h Jaced

(O N(Rza) (Rlerr]), OC(O)N(R[err])(CH[err])[e HMM,%

Serr]’(CHerr])[err] CONH- (CH err])[err] NHC( O u ’ s 2-6 and

Rl err] may be biotin, aryl, or aryl substi 2 ORerr], 1-2

hal ogen, azido or nitro; mis 0, 1 or 2; nis 1or2;, 10 q

can optionally be 0, 1, 2, 3, or 4; and G H | and J are car bon

nitrogen, sulfur or oxygen atoms, such tha6 - atl east one i 48899IBY

het eroatom and one of G H, | or J nmay be optionally m ssing to afford

5 or 6 nmenbered heterocyclic aromatic rings; and pharmaceutically

S ORI O o
oL o Mo e Kl
e R Ty Qm.%ﬁfcmﬁm

Exenplary o syg fﬁekbibm, miyls oragyRiBRGtuted by 1. o2 GRY, 1-2 halagiien, ny!

i sopropyl, butyI sec tertiary butyl, pentyl, isopentyl, hexyl
i sohexyl, all ylaz“ﬁ? 05614'-%]@; butenyl, butadienyl and the Iike. 25
The al koxy gr oynds hdcof 2ed above are intended to include t hose al koxy
gr oups of the eSIﬂ d length in either a straight or branched
configuration Qﬁ;’?’ optionally contain double or triple bonds.
Exenpl ary %.f s upbambptionpally e, by 2, 3ponéxand et hoxy, pr opoxy,
| sopr opoxy,**butegx XY,
hexoxy, i sohexttg?}lrlI II aaagy%/‘fe(%?ropl El:“%xg lji)’l so ut enwﬁﬁs S?%@:t;(%ﬁyl oxy,
and the |ike. atleastone isa heteroatosa rcme g&florisnashb@mmliy ncl ude
the hal ogen at efssing td hfford 'Seor 6 %ﬁ’é‘ﬂrdxﬁﬂ?@ﬁngs,
The term™aryl” is I ntended I nC p ny and
aromati ¢ resi d#84 phArmacsyH Yﬁﬁﬁmgkﬁqiﬁ tereomers

thereof.

15 .

In the above structural formulas and ihroughout the instant
specification, the following terms have the indicated meanings:
The alkyl groups specified above are intended to include

20 those alkyl groups of the designated length in either a straight or
branched configuration which may optionally contain double or triple
bonds. Exemplary of such alkyl groups are methyl, ethyl, propyl,
ethinyl, isopropyl, butyl, sec-butyl, tertiary butyl, pentyl, isopentyl,
hexyl, isohexyl, allyl, propenyl, butenyl, butadienyl and the like.

25 The alkoxy groups specified above are intended to include
those alkoxy groups of the designated length in either a straight or
branched configuration which may optionally contain double or triple
bonds. Exemplary of such alkoxy groups are methoxy, ethoxy,
propoxy, isopropoxy, butoxy, isobutoxy, tertiary butoxy, pentoxy,

30 isopentoxy, hexoxy, isohexoxy allyloxy, propinyloxy, isobutenyloxy,

2-hexenyloxy, and the like.

The term "halogen" is infended to include the halogen atom
fluorine, chiorine, bromine and iodine.

The term "aryl" is intended to include phenyl and naphthyl
and aromatic residues of 5- and 6- membered rings with 1 to 3



het eroatons or fused 5 or 6 nmenbered bicyclic rings with 1 to 3

het eroatons of nitrogen, sulfur or oxygen. Exanples of such
heterocyclfc aromatic rings are pyridine, thiophene, benzothi ophene,
tetrazol e, indole, N nethylindole, dihydroindole, indazole,

N-fornyl i ndol e, -benzi m dazol e, thiazole, furan, pyrimdine, and

t hi adi azol e. Certain of the above defined ternms may occur
nor e t han once in the above fornmula and upon such occurrence each term
shal | be defined i ndependently of the gther. Pﬁ%rred
conpounds of the instant invention are: [®efr 18899 ere

Rlerr] is (err]-Cerr] alkyl, aryl ((err]-Cerr] alkyl), (err]-Cerr]

cycl oal kyl (derr]-derr] aIkyI) (derr]-derr]

al kyl)-K-(Cer od 53 gl s) 1t03

e g ek Bhopin L C&x'ﬁge%i%m )

lCllj[lerr] =CR{ er Heteroc Ecmi'ﬁnauer . ?Ei[benﬂothmphe&ad the
a roups 0. al 0

S(Ogl[e?r]C[pserr ‘&&ki’@%# #‘ﬁgl) W %%gz‘?]ﬁe aryl groups
may be edumn,]pynmlﬂmeﬂ,and 2 hal ogen,

1to 2 CR[err] 'thmdlazole
Certain of the above defined terms may occur more than
once in the above formula and npon such occurrence each term shall be
defined independently of the other.
Preferred compounds of the instant invention are:

15

20 |
NS Raa
353

25
Formula Il

where R] is C1-C10 alkyl, aryl (C1-C4 alkyl), C3-Cg cycloalkyl
(C1-C4 alkyl), (C1-C4 alkyD)-K-(C1-C4 alkyl), aryl(Co-C5alkyl)-
30 K-(C1-C4 alkyD), (C3-Crcycloalkyl)(Co-C5 alkyl)-K-(C1-C4alkyl)
where K is O, S(O)m, -CR2=CR2-, -C=C-, or N(R2)C(O) where R2
and the aikyl grotps may be further substituted by 1 to 7 halogen,
S(0)mC1-C4 alkyl, OR2a or C(O)OR2; and the aryl groups may be
further substituted by 1-2 C1-C4 alkyl, 1 to 2 halogen, 1 to 2 OR2,
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CF[err], OCF[err], nethylenedioxy, S(OJferr]Rerr],
SOerr]N(Rerr])(Rerr]), N(Rerr])SOerr]Rerr] or C(ORerr];
Rlerr] is/hydrogen, CJerr]-Cerr] alkyl, CJerr]-(err]cycloal kyl, and, if
two CJerr]-Cferr] alkyl groups are present on one atom they may be
optionally joined to form . a Cerr]-Cerr] cyclic ring optionally
including 1 to 2 heteroatons sel ected from oxygen, sulfur or NR[err];
Rlerr] is hydrogen or (Jerr]-Cferr] alkyl; Rlerr] and Rlerr] are

i ndependent | y hydr ogen, "hal ogen, C[err]-(Igrr] al kyl, OR[err]

met hyl enedi oxy, nitro, S(Oferr]err]-d%e?r]alkyl, CFlerr] orhggg?ga[err];
Rlerr] and R err] are independently hydrogen, ([err]-Cerr] alkyl,
substituted C[err] derr] ~al kyl where the substituents may be 1 to 5
halo, 1 to 2 , netBylenediiy SO Rrs%N@ W
Cerr]-Cerr] aI l%taj%}igar S( )m(C[er)f]( &r? R %2)80%1{2

[err] where x and y, are independently 0, 1, or 2;
R7 and R7a are independently hydrogen, Cerr]-Cerr] alkyl, substitut ed

R is hydrogen, C1-Cg alkyl, C3-C7cycloalkyl, and, if two C1-Cg alkyl
groups are present on one atom, they may be optionally joined to form
a C4-Cg cyclic ring optionally including 1 to 2 heteroatoms selected
from oxygen, sulfur or NR23;

5

1o R23 is hydrogen or C1-Cg alkyl;
R34 and R3p are independently hydrogen, halogen, C1-C4 alkyl, OR2,
methylenedioxy, nitro, S(O)mC1-C4alkyl CF3 or C(O)OR2;

R4 and R5 are independently hydrogen, C1-Cg alkyl, substituted C1-Cg
alkyl where the substituents may be 1 to 5 halo, 1 to 2 hydroxy, 1 to 2
C1-Ceg alkanoyloxy, 1 to 2 C1-Cg alkyloxy or S(O)m(C1-C4 alkyl);

15

Ais:

20
Rz
— (CHZ)x"—(': {CHaly—

R?a
25 ' or

R7
—N(R2)-(CHy)x '—? —(CHyp),—

where x and y, are independently 0, 1, or 2;
R7 and R7a are independently hydrogen, C1-C4 alkyl, substituted

This Sheet Has Been Replaced
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-9- Cerr]-Cerr] alkyl where the substituents are from1 to 3
fluoro or I m dazolyl, phenyl, indolyl, S(Of[err](err]-Cerr]alkyl,
C(OORert] or Rerr] and Rlerr] can independently be joined to one or
both of the Rlerr] and R err] groups to form al kyl ene bridges between
the teminal nitrogen and the al kyl portion of the Rerr] or Rerr]
groups, wherein the bridge contains 1 to 3 car bon at ons; B, D
and F are independently C(Rlerr])(Rerr]), O CO S(OfJerr] or NRerr]

such that one of B, D or F nay be optionaldy mssing to provid ?%?gﬁ,
6 menbered ring and provided that one of "B D and F is C(R[err?? 1) or

C=0 only when one of the remaining B, D and F groups is si nul t aneousl y
0, S(Oferr] or NRerr]; Rlerr] and Rl err] are independently
hydrogen, R er Q3-C4Ralkyl lwhdretthersabjiittients arfeyfrom 1 to 3 finoro or

E%%:;H%%:H}%Eé&ébﬁgmsﬁ*?ﬁpé@am OB br g
R e
err err

Eir%ill-tetcg g)zgll(sl[Pﬂmtm sq err] NHC[ err] N, S err?rFN%Qer?]mag?yl

Sqerr]N(R[errféﬂﬁ[ner |§ *and the (CH err])q may be optionally
substitated by 1 to 2 (Jerr]-(err] al kyI and the R err] may be

optionally SUbE IDlahﬂCF'QIBin E(D; D#@IS{O}}hMirNRQ 0 2

C(O OR2a, 25 Cﬁ R e M% g[ ﬁe tetr zoI55 yl,
§§ E[% g F?ﬁ g{l(g %ﬂ e%l)d provided that one of %i]s%g Fis C(Rs)(Rlo) or
substituted by 8“33’8%{’#&%%}%‘3%*‘88% ﬁghﬁ*daf«‘ e Cerr] alkyl,

C(OORerr] orSIIn 91(CH[err])[err] CO\IH(CH[err])[err]
NHC(O R err], where w= 2-6 and Rerr] nmay be b| otin, aryl, or aryl

substitutedb 1 or r mis

0,1, or 2, yR 8 apd %ri@‘ﬁ Ifghgppggq;g%bﬁggm %adkéhoz)q aryl,
(CH2)qC(O)OR2, (CHz)qC(O)O(CI-Iz)q aryl (CHz)q(lH—tetrazol-S-yl)
and the aryl may be optionally substituted by 1 to 3 halo, 1 to 2 C1-C4
alkyl, 1 to 3 OR2 or 1 to 2 C(O)OR2;

—

! ﬁ)e optionally

R9 is R2, (CH2)q aryl, C(O)R2, C(O)(CH2)q aryl, SO2R2, SO2(CH2)q
aryl, C(ON(R2)(R2), C(O)N(R2)(CH2)q aryl, 1-H-tetrazolyl-5-yl,
SO2NHC=N, SO2NR aryl, SO2N(R2)(R2) and the (CH2)q may be
optionally substituted by 1 to 2 C1-C2 alkyl and the R2 may be
optionally substituted by 1 to 2 OR2a, O(CH2)q aryl, 1 to 2 C(O)OR2a,
C(O)N(R2a)R2a), S(O)nR2a, 1-H-tetrazol-5-yl, C(O)NHSO2R 23,
C(O)NHSO2(CH2)q aryl, N(R2a)C(O)N(R2a)(R2a) or
N(R2a)C(O)N(R2a)(CH2)q aryl and the aryl may be optionally
substituted by 1 to 2 OR23, 1 to 2 halogen, 1 to 2 C1-C4 alkyl,
C(O)OR2a or 1-H-tetrazol-5-yl; SO2(CH2)w CONH(CH2)w
NHC(O)R11, where w = 2-6 and R11 may be biotin, aryl, or aryl
substituted by 1 or 2 OR2, 1-2 halogen, azido or nitro;

20

25

30

m is 0,1, or 2;
g can optionally be 0, 1, 2 or 3; and
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- 10- the aryl group is phenyl, napthyl, pyridyl, thienyl, indolyl,

thiazolyl or pyri m di nyl, and the pharmaceutically acceptable
salts and ‘i ndi vi dual di ast er eomers t hereof. 5 Still
further preferred conpounds are realized when F is not present in
Conpound 111. . Thus, further preferred conpounds of the
I nstant i nvention are realized in structural fornmula IV. 10 [err]

25 Rerr] is (err]-Cerr] alkyl, aryl (CJerr]-Cerr] alkyl),

- | oal kyl - | \
gl[ﬁ;lr%-%g[r;]rﬂ/-ccfgrr{al (k;(l:l[-e,rrlar;(l:l[(ea]er?‘]ﬁé[err]al kyIO; &ng[r;l#%@?@y]
al kyl ), Cerr]-Cerr]cycl oal kyl
(derr]-Cerr]alkyl)-K-(Cerr]-Cerr]alkyl), where Kis O or

CERICRG o ekt d i Gl e

S(O[err] R errPyrmidmyl,prerr] is hydrogen, CJerr]-Clerr] alkyl, cyclo
C err] - err] ahid lthe phdrmacertivallid #sceptdble salts and individual diastereomers

thereof.
5
Still further preferred compounds are realized when F is
not present in Compound HIL
Thus, further preferred compounds of the instant invention
o realized in structural formula IV.
}l'l * };l IH4
R—C-N-C—A—N,
0 Rs
15
¢=0
N
BT Y 2
20 D / )\ H3b
RSa
v
> Ryis C1-C10 alkyl, aryl (C1-C4 alkyl), C5-Cécycloalkyl (C1-C4 alkyl)
or (C1-C4 alkyl)-K-C1-C2alkyl-, aryl(Co-C2alkyl)-K-(C1-C2 alkyl),
C3-Cgeycloalkyl (Co-Coalkyl)-K-(C1-Coalkyl), where K is O or
S(O)m, and the aryl groups may be further substituted by 1 to 2 C1-C4
30 alkyl, 1 to 2 halogen, OR2, C(O)OR2, CF3 or S(O)mR2;

R2 is hydrogen, C1-C4 alkyl, cyclo C3-Cgalkyl, and, if two C1-C4
alkyls are present on one atom, they may be optionally joined to form a
C5-Cg cyclic ring optionally including the heteroatoms oxygen or
NR2a; | ) -
This Sheet Has Been Replaced
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al kyls are present on one atom they may be optionally joined to forma
Cerr]- C[err] cyclic ring optionally including the het er oat ons oxygen or

NR[err]
TRErr{ 1S llyurugcﬂ or C[err] Cerr] alkyl; Rlerr] and
R[err] Tare |ﬂﬂiﬂ§&9§ﬁ&tﬁe¥n gen hal ogen, C[err]- C[err] al kyl, 5

C(OORerr], err] al koxy, S(Oferr]err]-Cerr] alkyl or
CFlerr]; m mi err] are independently hydrogen, Clerr]-Cerr]
al kyl, substltu err] | where the substit be
1t02 hydroxy or S(Om (derr]- C[elr%/l]alkyl); 10 %Iﬁv
[err] where x is or 1; Rlerr] and R err] are

] ndependently hydrogen, C(ferr]-Clerr] alkyl; or Rlerr] and Rlerr] can
i ndependently be joined to one or both of the Rerr] and R err] -groups to

20 form al kyl et t.erm nal nitrogen and the al kyl
portion of the%ﬁ[#gﬁgﬁﬁ Vﬁf% o form5 or 6 nenbered rings

containing the termnal nit rogen B and D are independently
C(R[err])(R[er ﬁ'ﬁ\gr Qﬂgyone of B
and D can aerr :ﬂ[err @— on afd\'é]engh[‘ﬂﬁdeé@f%fq 1 B and D
is O S(O err hydroxy, C ofdeB3ndent | y
hydrogen, Rlerr] 0'r (CH[err])[err] aryl, and the aryI may be

optonal | < 6 B kot Byogen, £ 8141, kst &1'c
alkyl where the substituents may be 1 to 2 hydroxy or S(O)m

(C1-CalkyD;
10

Ais: ~—(CHy)—C—

15
wherex isOorl;

R7 and R73 are independently hydrogen, C1-C3 alkyl; or R7 and R7,
can independently be joined to one or both of the R4 and R5 groups to
20 form alkylene bridges between the terminal nitrogen and the alkyl
- portion of the R7 or R73 groups to form 5 or 6 membered rings
containing the terminal nitrogen;

B and D are independently C(R8)(R10), C=0, O, S(O)m, NR9 provided
25 that one of B and D can be C(R8)(R10) or C=0 only when the other of
B and D is O, S(O)m or NRo;

Rg and R10 are independently hydrogen, R2 or (CH2)q aryl, and the
aryl may be optionally substituted by 1 to 2 of halo, 1 to 2 C1-C4 alkyl,
g OR2o0r1 to 2 C(O)OR2;

R9 is C(Q)R2, C(O)(CHp)q aryl, SO2R2, SO(CH2)q aryl,
CON(R2)(R2), C(O)N(R2)(CH2)q aryl and the (CH2)q may be
optionally substituted by 1 to 2 C1-C2 alkyl and the R2 may be
optionally substituted by 1 to 2 of OR2a, O(CH2)q aryl, C(O)OR2a,



30 ORerr] or to 2 C(ORerr]; Rlerr] is C(ORerr],
C(O(CHerr])[e ] aryl, SJerr]Rerr], SO CHerr])[err] aryl,
C(O)N(R[err])(R[ err]), C(O)N(R[err])(CH[err])[err] aryl and the
(CHerr])[err] may be optionally substituted by 1 to 2 CJerr]-(err]
al kyl and the Rlerr] may be optionally substituted by 1 to 2 of OR2a,

O(CH[err])[err] aryl, C(ORerr],
C(O)N(R[err](R[err]) S(O[err]Rerr], 1-Htetrazol -5-yl,

C(O)NHSQerr]R[err] or N(Rerr])C(ONMRerr])(Rerr]) ang‘%{?@lﬁql
may optionally be substituted by 1 o2 "ORlerr], 1 to 2 h ) to
2 (err]-Cerr] alkyl, C(OORerr], 1-H tetrazol -5-yl or
S(Of[err]Rerr]; SOerr](CHerr])[err] CONH(CH err])[err] NHC(O R err]

wher e w = 26 TXOM@IARIAY, SO)mR, WHLekabol 5141, GIOINHSOZR, a0 oy
e ol e O o Bty

nitro,

i s phenyl, naptlhtd 2 QRoadYito 2 halogeh, lmaeﬁy4Cpalk}dt COYOR 2320 eHE he

phar maceut i cal I% %ﬁﬁﬁ)@ @%ﬂ and i ndividual diastereoners thereof.

Most preferged %.% ant invention are realized in

structural f or B2 GHZ)QCONH(CHQ,)WNHC(O)RII where w = 2-6 and R1] may

[err] optionally be biotin, aryl, and an aryl be optionally substituted by 1 to 2
OR2, 1-2 halogen, azido, nitro;

mis0,1or2;

q can optionally be 0, 1, 2 or 3; :

aryl is phenyl, napthyl, pyridyl, indolyl, thienyl or tetrazolyl and the

pharmaceutically acceptable salts and individual diastercomers thereof.,
Most preferred compounds of the instant invention are

.5 realized in structural formula V:

10

CH,

H \ CHs
NH,

»N
o O

20

30
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30 - 13 - [err] Rlerr] is H,
fl uoro; Dis 0, S S(Oferr], N(Rerr]), NSQerr](Rerr]),
querr](d—l[err])taryl NC(O)(H[errU,_ NSO err](CH err])[err] OH,
NSO err](CHerr])[ eplaced

I\I-SCIerr](CI—l[err])[ qﬁmm’ r])(Rerr]), '
NSOerr](CHerr])|[ mﬂﬁﬂmr])(m[err])[err]m, [err]

-13- 188991BY

Hg is

D‘CHzCHz’ Q—CHZCH2CH2, @—CHZOCHz,
5 CHy ¢
/. Q—m-lzocm2

X
10 O—CH2°H2- | P —@-cﬁchz;
N” ~CH,CH,CHy;
F—Q_CH2CHZCH2;
15
R33 is H, flnoro; .
D is O, S, S(O)m, N(R2), NSO2(R2), NSO2(CH)¢aryl, NCO)R2),
NSO2(CH2)qOH, NSO2(CH2)gCOOR2, N-S02(CH2)qC(0)-NR2)(R2),
”0 N-SOz(CHz)qC(O)-N(Rz)(CHz)WOH,
N-80,(CHZ){C(O)-N(R2HCHzh ™~ N)‘\/\/\S—J
HN NH
25
o
| . o OH
Ny N-SO,(CHACOMNGRCHy ~§'JKQN3
1

N-NH
N-SO,(CH,)q "—e : I and the aryl is phenyl or pyridy} and the
N=N phenyl may be substituted by 1-2 halogen;



NSOerr](CHerr])[err] and the aryl is phenyl or pyridyl and the
N=N phenyl may be substituted by 1-2 hal ogen;

-14 - " Rerr] is H derr]-Cerr] alkyl; m= 1, 2; t is 0, 1,2;
qgis 1,2,3; wis 2-6; and the pharnaceutically acceptable salts and
i ndi vi dual di ast ereoners thereof. 10 Represent ati ve nost
preferred growth hornone rel easing conpounds of the present invention

i nclude the foll ow ng: 1.

N[1(R)-[(1, 2- D hydro- 1-net hanesul f'onyl spir,o[ 3Hi ndol e-3, 4' -
pi.peridin]-1 '-yl)carbonyl]-2-(1Hindol - 3d¢h9 et hyl ] - 2- ami no- 2- ASBAYBY15
pr opanam de 2.

N[1(R-[ (1, 2-Di hydro- 1- net hanecar bonyl spi ro[ 3Hi ndol e- 3, 4' -

pi peridin]- 1° a I (1 Hindol-3-yl)ethyl]-2-am no-2-nethyl -

pr opanani de ZORQIQHBQQCX a]lkﬁ, ,

N-[1(R) -[(1, 2- Barydis 8; 1- benzenesul f onyl spi r o[ 3Hi ndol e- 3, 4' -

pi peridin]-1"-ylkggagbgnyl]-2-(1Hindol - 3-yl)ethyl]-2-am no-2- net hyl -
qis1,2,3; - '

wis 2-6; |

and the pharmaceutically acceptable salts and individual diastereomers

thereof.

5

10 Representative most preferred growth hormone releasing

compounds of the present invention include the following:

1. N—[l(R)-[(l,2-Dihydro—1-methanesulfonylspim{BH—_indole-3,4‘-.
piperidin]-1'-yDcarbonyl]-2-(1H-indol-3-yl)ethyl}-2-amino-2-methyl-
1s propanamide
2. N-[1(R)-{(1,2-Dihydro-1-methanecarbonylspiro[3H-indole-3,4'-
piperidin]-1'-yl)carbonyl}-2-(1H-indol-3-yl)ethyl]-2-amino-2-methyl-
propanamide .
20
3. N-[1(R)-{(1,2-Dihydro-1-benzenesulfonylspiro[3H-indole-3,4'-
piperidin}-1'-yl)carbonyl}-2-(1 H-indo}-3-yl)ethyl]-2-amino-2-methyl-
propanamide

25 4, N-[1(R)-[(3,4-Dihydro-spiro[2H-1-benzopyran-2,4"-piperidin}-1'-yl)
carbonyl]-2-(1H-indol-3-yl)ethyl}-2-amino-2-methylpropanamide
5. N-[1(R)-[(2-Acetyl-1,2,3 4-tetrahydrospirofisoquinolin-4,4'-
piperidin}-1'-yl)carbonyl}-2-(indol-3-yl)ethyl}-2-amino-2-methyl-
30 pmpmde
6. N-[1(R)-[(1,2-Dihydro-1-methanesulfonylspiro[3H-indole-3,4'-
piperidin}-1'-yl) carbonyl]-2-(phenylmethyloxy)ethyl]-2-amino-2-
methylpropanamide
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propananm de 25 4.

N-[1(R-[(3,4-D hydro-spiro[ 2H 1- benzopyr an- 2 4' - pi per|d|] 1 -yl)

car bonyl ] -2- (1Hi ndol - 3-yl ) et hyl ] - 2- am no- 2- et hyl propanani de 5.
N[1(R)-[(2-Acetyl-1,2,3,4-tetrahydrospiro[isoquinolin-4,4
piperidin]-1" yI)carbonyI] 2- (indol -3-yl)ethyl]-2-am no- 2- rrethyl 30
pr opanam de

N[I(R-[(1,2-D hydro | - met hanesul f onyl spi ro[ 3Hi ndol e- 3, 4" -

pi peridin]-1"-yl) carbonyl]-2- (phenyl net hy} oxy) et hyl ] - 2- am no- 27

met hyl propanam de 15} 218899IBY
N-[1(R-[(1, 2- D hydro-1-nethanesul fonyl spi ro[ 3Hi ndol e- 3, 4' -

pi peridin]-I"-yl) carbonyl]-2-(phenyl nmet hyl oxy) et hyI ] - 2- am no- 2-

met hyl pr opanai iy dNJfe )ﬂl@%iﬂydmﬂ-m&haﬁé&lfon 1r0[3H-mdole-3 4'-

)yl[ § ga?b?ncr?rﬁlmﬁdyeﬁu%gggéxﬁ%@%w Eﬁ!{?ﬁlﬂl‘z- Eel’l din]-1

am no- 2- met hy| mmefigdpropdnamide mesylate salt

N[1(R-[(1, 2- D hydro-1- mathanes | f onyl - 5- quorosplro[BI—I-lndoIe 10
3,4 -piperigdin] -1 car bon (phenyl met h )et 2-am no- 2-
met hyl propgam&leN}f 8R -[(1102 -1-methanesu ony [%I-}-mdole-B 4'-

L T et s

met hyl pr opanam
N-[1(R -[ (1, 2- D hydro-1-nethanesul fonyl spi ro[ 3Hi ndol e- 3, 4 -

pi peridin]-1'-y) l\fﬂ&ﬁ%{l ﬁ’:'é'@rg-l tidesatRyE3-AubRishito 3 thdole-

pr opanam d

+2-Di hydro- Y an pgmimnm gp)mdpmyi]m@mxgrlmahyloxy)em]emmo&-
-yl ) carbonyl ] xﬁeﬁ%&bﬁb%&hﬁﬁepy'] -am no- 2- net hyl -

10. N-{1(5)-{(1,2-Dihydro-1-methanesulfonylspiro[3H-indole-3,4"-
15 " piperidin]-1'-y1) carbonyl]—2-(phenylmethylth10)ethyl]-2~ammo-2-
methylpropanamide
11. N-[1(R)-{(1,2-Dihydro-1-methanesulfonylspiro[3H-indole-3,4'-
piperidin]-1'-yl) carbonyl]-3-phenylpropyl]-2-ammo-2—methyl-
propanamide
20
12. N-{1(R)-{(1,2-Dihydro-1-methanesulfonylspiro[3H-indole-3, A
piperidin}- 1'-yl)carbonyl]-3-cyclohexylpropyl]-2-am1no—2-methyl-
propanamide

25 13, N-{I(R)-[(1,2-Dihydro-1-methanesulfonylspiro[3H-indole-3,4'-
piperidin]-1'-yl) carbonyl}-4-phenylbutyl]-2-amino-2-methyl-
propanamide

14, N-[1(R)-[(1,2-Dihydro-1-methanesulfonylspiro{3H-indole-3,4'-
piperidin]-1'-yl) carbonyl]-2-(5-fluoro-1H-indol-3-yl)ethyl]-2-amino-2-
methylpropanamide

30
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pr opanam de 25 13.

N-[1(R -[(1, 2- D hydro-1-net hanesul fonyl spi ro[ 3Hi ndol e- 3, 4' -

pi peridin]-1'-yl) carbonyl]-4-phenyl butyl]-2-ani no-2-net hyl -

propanamn de 14

N-[1(R)-[(1, 2-Di hydro 1- met hanesul f onyl spi r of 3H-i ndol e- 3, 4

pi peridin]-1'"-yl) carbonyl]-2-(5-fluoro-1Hindol - 3- yI)ethyI] 2-am no- 2-

nmet hyl pr opananm de 15

N-[1(R) -[ (1, 2- D hydro-1-nethanesul fonyl - 5; Iuorosp|r0[3k+|ndol

3,4 -piperidin]-1" yI)carbonyI] 2-(5- fI'u%éd 1H i ndol - 3- yI)ethﬁ%gg}BY
n1 no- 2- nethylpropanan1de 16.
N-[I(R-[(1, 2-Di hydro-1-(2- ethoxycarbonyl)nethylsulfonylsplro

[ 3k i ndol e-3, 45p'1~1? )- 1,2Diltyro fiieihdsubfolny 15 fludebspiroSHIO - 2-

2- et hyl
N1, 5 in]f d@)@g%%}fﬂ#ﬁéﬂ%?ﬁ%%&@@ lethyl]-2-
pi peridin]-1' yﬁﬂﬁﬁﬂﬂqﬂyﬂhl an@ghgmﬂbnethyloxy)ethyl] 2- am no- 2-

met hyl propanam de and pharnaceutlcally acceptabl e salts thereof. 15
Representaélve exanpl es of the nonmencl ature enpl oyed are gi ven, bel ow.

[err] 16. N-[1(R)-[(1,2-Dihydro-1-(2-ethoxycarbonyl)methylsulfonylspiro-
. [3H-indole-3,4"-piperidin}-1'-yl)carbonyl}-2-(1H-indol-3-yl)ethyl]-2-
amino-2-methylpropanamide

17. N;[I(R) [(1,2-Dihydro-1, 1dioXospiro[3H—benzoﬂ1iophene-3 4'-
piperidin]-1'-yl)carbonyl]-2-(phenylmethyloxy)ethyl]-2-amino-2-
methylpropanamide

and pharmaceutically acceptable salts thereof.

15 Representative examples of the nomenclature eniployed are
given below:
. -

: AN ><
20 9 ¢ NH,

G0 ©

N
25 O

30 N-[1(R)-[(3,4—Dihydro—4-oxospiro[21—l—1-benzopymn—2,4'-piperidin]-1'-
ylcarbonyl]-4-phenylbutyl]-2-amino-2-methylpropanamide
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30 N[1(R-[(3,4-D hydro-4-oxospiro[ 2H 1- benzopyran- 2, 4-pi peridin]-1'-
yl ) car bonyl ] 4- phenyl but yl ] - 2- am no- 2- et hyl pr opanam de

- 17 - [err] _ 10 \N[1 (S)-[(1 ,2-Di hydro-1
- met hanesul f onyl spi ro[ 3Hi ndol e- 3, 4' - piperidin]- 1
'-yl)carbonyl]-2-(phenyl met hyl t hi 0) et hyl ] -2-am no-2- met hyl pr opanam de
15 [err] _

-17 - 18899IBY

5
N-SO,-CHj
10
\N-{1(8)-[(1,2-Dihydro-1-methanesulfonylspiro[3H-indole-3,4'-
piperidin]-1'-ylcarbonyl]-2-(phenylmethylthio)ethyl]-2-amino-2-
methylpropanamide
15
H H &
: ,N
o/\(?/ \(3><NH2
770 °
N
20
N-SO,-CHg
25

N-[1(R)-[(1,2-Dihydro-1-methanesulfonylspiro{ 3H-indole-3,4'-
piperidin]-1'-yI)carbonyl]-2-(phenylmethyloxy)ethyl]-2-amino-2-
methylpropanamide

Throughout the instant application, the following
30 abbreviations are used with the following meanings:
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25 N[1(R-[(1 ,2-D hydro-1 - netanesul fonyl spiro[ 3Hindole-3,4 -
pi peridin]-1'-yl)carbonyl]-2-(phenyl met hyl oxy) éthyl)=2= ani no- 2-

met hyl pr opanam de Thr ougTbubhebtHas Bas Rphkegapp! i cation, the
foll owi ng 30 abbreviations are used w { Ng nmeani ngs:
-18- ¢ BOC t - but Wl mﬂm BOP
Benzotriazol -1-yloxy tris/dinethylam no)-
phosphoni um hexaf | uor ophosphat e CBz Benzyl oxycar bonyl
DCC Di cycl ohexyl car bodi i m de DVF
NN- di met hyl f or mani de epc -18- - 18899IBY
1- ( 3-di net hyl am nopropyl ) - 3-et hyl car bodi - I mde
hydr ochl ori de FAB- M5 Fast at om bonbar dnment - nass
spectroscopy BOC GHRP t-bu@lﬁ% ne rel easi ng peptide
HOBT Hydr oxybengtrl azol e . . gy I thi ym.al um num
hydri de ilely Benrotsiazol - qqummmphy
VHz Megahert z hodpHonium hex ' osplatelr e liquid
chr omat ogr aphy NVMVI Il; 1 N- %it rﬁ%rmrp ol i'ne NVR
Nucl ear Magnetic Resongﬁgé enzylo Pot assi um per oxy
monosul f at DCC®LC Dicyctobexylearbodiimider chr omat ogr aphy 20
PCC Pyridini | or ochr t = 3. Ser Serine
TFA Trifluoroacetic acid Wmmyﬁowl® Tet rahydr of ur an
TLC Thi n | ayer EBX¢ omat ogr k{Bydipsethylaminopropgl)-3-ethylcarbodi-
Tet ranet hyl si | ane imide hydrcchloﬁde
FAB-MS Fast atom bombardment-mass spectroscopy
10 GHRP Growth hormone releasing peptide
' HOBT Hydroxybenztriazole
LAH Lithium aluminum hydride
HPLC High pressure liquid chromatography
MHz Megahertz .
15 MPLC Medium pressure fiquid chromatography
NMM N-Methylmorpholine
NMR Nuclear Magnetic Resonance
OXONE Potassium peroxy monosulfate
PLC Preparative layer chromatography
20 PCC Pyridinium chlorochromate
Ser Serine
TFA Trifluoroacetic acid
THF Tetrahydrofuran
TLC Thin layer chromatography
25 TMS Tetramethylsilane

The compounds of the instant invention all have at least one
asymmetric center as noted by the asterisk in the structural Formulas I
and II above. Additional asymmetric centers may be present on the
molecule depending upon the nature of the various substituents on the
molecule. Each such asymmetric center will produce two optical
isomers and it is intended that all such optical isomers, as separated,
pure or partially purified optical isomers, racemic mixtures or
diastereomeric mixtures thereof, be inclnded within the ambit of the

30



The conpounds of the instant invention alT have at™ l'east one asymetric

center as noted by the asterisk in fﬁgﬂééﬁgﬁ%ghaﬁ Fgrnulas I and |

above. Additional asymretric centers on the nol ecul e
dependi ng upon the nature of the vari nts on the nol ecul e.
Each such asymmetric center wl| pro I somers and it is
I ntended that all such optical isoners, as separated pure or partially
purified optical isoners, racemc m xtures or di astereoneric m xtures

t hereof, be included within the anbit of- hﬁg - #%
instant invention. In the case of the asymifeiric center repres& 23I%¥'
the asterisk in Formula | and Il, it has been found that the absol ute
stereochem stry of the nore active and thus nore preferred isoners are

as shown in Forinstant inventionh IihtheRfaverdf thetmsynirnetric eentoy demesenteditey 5
spectalcont| 9%@%@@%@@2@@@%@@@@#@&&@;&@@%@%@ A0
al t hough t hi s stéreochemisiry of dhexgnore adtive/and nsomorg preferredi ismens) aresed
'[ gr . ”ak' NG a8 shwmoirs FERRAN BT With ke RY ¥istituent 48 hydrogen, the
special configuration of the asymmetric center corresponds to that in a
D-amino acid. In most cases this is also designated an R-configuration
although this will vary according to the values of R] and R2 used in
making R- or S stereochemical assignments.
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The instant compounds are generally isolated in the form of
their pharmacentically acceptable acid addition salts, such as the salts
derived from using inorganic and organic acids. Examples of such
acids are hydrochloric, nitric, sulfuric, phosphoric, formic, acetic,
trifluoroacetic, propionic, maleic, succinic, malonic, methane sulfonic
and the like. In addition, certain compounds containing an acidic
function such as a carboxy can be isolated in the form of their inorganic
salt in which the counterion can be selected from sodium, potassium,
lithium, calcium, magnesium and the like, as well as from organic bases.

~ The preparation of compounds I and II of the present
invention can be carried out in sequential or convergent synthetic

25

30



25 The instant conpounds are generally isolated in the form
of their pharnmaceutically acceptable acid addition salts, such as the
salts derived fromusing inorganic and organic acids. Exanples of such
acids are hydrochloric, nitric, sulfuric, phosphoric, formc, acetic,
trifluoroacetic, propionic, naleic, succinic, mal oni c, met hane sul fonic 30
and the like. In addition, certain conmpounds containing an acidic

function such as a carboxy can be isolated in the formof their inorganic
salt in which the counterion can be selecbgg from sodi um potaisggggg
l'ithium cal cium magnesium and the Iike? wel |l as from orga 2%

The preparation of conpounds I and Il of the present I nvention can be
carried out in sequential or convergent synthetic
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Formula | and |n aIs qfﬁptlal resented | th fﬁﬁyomnng
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are, in many caeaunonschen&mner0|ally avai | abl e where the protectlng group L

derivativeg 1 can be B@‘%&@S@@&HW@E@%@%&E%&W ?ﬁs&sp. o

pi peri di nes anéommergially avay a whereotheopratecting group hdis? fornesampdon
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st andard neans
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Al ternatively, mparvaﬂmhger@ fgpdﬁet & SPio PWFE@J{-W ?@3
pi peridines an Saﬁ%ﬁ {@2D) b fofiink meaﬁékﬁémﬂlﬂ the Beéragure

literature rret h .deyi v%&i’%engg and )’feﬁitgéélﬂf%@qagsﬁet hods

i ntermedi af
are illust rat esuclnlay hai(bgenatlon$ mtlmmesulﬂmydmm tétoughltemabl\ﬂelly,be

T anst or mat i 2¥35§§§§%§%§9?§?@ﬁ§§"&&“ el dBiro PR A0y seres 1o

af ford compou naplroaze}ums; C&h lprepaneﬂ following literature methods using

I nt er nedi at es ﬂénfv & ngﬁﬁg%%s subse(‘fli‘e?ft” bed
VA

in Schene 1. Cou ro,pil.peri ormu
gci:ter%e tﬁ synth%u?: methods are ﬂlustrate

15 5p1rop1pendmes although it will be appreciated by those skilled in the.
art that the illustrated transformations can also be carried out in the
higher homolog series to afford compounds of Formulas I and IT with
n=2.

Intermediates of formulas 3 and 3a can be synthesized as
described in Scheme 1. Coupling of spiro piperidines of formula 2 and
2a to protected amino acids of formula 1, wherein L is a suitable
protecting group, is conveniently carried out in an inert solvent such as
dichloromethane by a coupling reagent such as DCC or EDC in the

- presence of HOBT. Alternatively, the coupling can also be effected
with a coupling reagent such as BOP in an inert solvent such as
dichloromethane. Separation of unwanted side products, and
purification of intermediates is achieved by chromatography on silica
gel, employing flash chromatography (W. C. Still, M. Kahn, and A.
Mitra J. Org. Chem. 1978, 43, 2923), MPLC or preparative TLC.
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2a to protected amno acids of fornmula 1, wherein L is a suitable
protecting group, is conveniently carried out in an inert solvent such as
di chl or omet hane—by—a-coupli-ng reagent such as DCC or EDC in the 25 presence

of HOBT. ternatively, ng coupling can al so be effected with a
coupling ii *BOP in an inert solvent such as

di chl orone I on of unwanted side products, and
purificati iates is achieved by chromatography on silica
gel, enploying flash chromat ography (W C.,Still, M Kahn, and 63 61(}3 Mtra
J. Org. Chem 1978,43, 2923), MPLC or prefadrative TLC 138991BY
-21- SCHEME 1 [err]

SCHEME 1
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Conversion of 3 and 3a to intermediates 4 and 4a can be
25 carried out as illustrated in Scheme 2. Removal of benzyloxycarbonyl
groups can be achieved by a number of methods known in the art; for
example, catalytic hydrogenation with hydrogen in the presence of
palladium or platinum catalyst in a protic solvent such as methanol. In
cases where cafalytic hydrogenation is contraindicated by the presence
30 of other potentially reactive functionality, removal of benzyloxy
carbonyl groups can also be achieved by treatment with a solution of
hydrogen bromide in acetic acid. Removal of BOC protecting groups is
carried out in a solvent such as methylene chloride or methanol, with a
strong acid, such as hydrochloric acid or trifluoroacetic acid.
Conditions required to remove other protecting groups which may be



Conversion of 3 and 3a to internedi ates_4_and 4a can be
|IIustrated in Schene 2. Renova
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Intermediates of formula § and 5b, wherein A is a
methylene or a substituted methylene group, can be prepared as shown
in Scheme 3 by coupling of intermediates of formula 4 and 4a to amino
acids of formula 6, once again, in an inert solvent such as
dichloromethane by a coupling reagent such as EDC or DCC in the
presence of HOBT. These amino acids 6 are known amino acids or



30 o I nternedi ates of formula 5 and 5b, wherein Ais a

met hyl ene or .a substituted nmethylene group, can be prepared as shown I n
Schene 3 by coupling of intermediates of formula 4 and 4a to amino

acids of formula 6, once again, in an inert solvent such as

di chl or omet hane by a coupling reagent such as EDC or DCC in the

presence of HOBT. These amino acids 6 are known am no acids or

- 23 - . amno acids readily synthesized by nmethods known to those
skilled in the art. Alternatively, t coupling can al so Es §§§?§Ied
with a coupling reagent such as BOP™¥r 7an inert solvent s ﬁ

di chl or onet hane. Al so If Rerr] or Rerr] is a hydrogen then am no
acids of fornula 7 are enployed 5 in the coupling reaction, wherein L

'DZ ?Oltoggt Ieg tn' 2 f&nisih@lm@réiﬁil thesme@hj?!ﬁethbﬁs it!nbw:ﬁﬁ) fhitlde %éhal}?c} .
inder condi ti oM V\grl G&Y&T tile co“Pim% can als3 Be Eifeiid & couplingscy ey
3 10 réagenk such as BOP in an inert solvent such as dlchloromethane. Also

if R4 or R4 is a hydrogen then amino acids of formula 7 are employed

in the coupling reaction, wherein L is a protecting group as defined
above, to give 5a and 5¢. Deprotection of 5a and 5¢ (L. = protecting
group) can be carried out under conditions known in the art.
SCHEME 3
10
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- 24- Compounds of fornmula | and Il wherein R err] and/or

Rerr] is_ a hydrogen can be further el aborated to new conpounds | and
I (preferred side chain Rerr] = CHerr]-CHOH)-CH err] X, wherein X =
Hor , OH which are substituted on the am no group as depicted in Schene
4. Reductive amnation of | and Il with an al dehyde is carried out
under conditions known in the art; for exanple, by catalytic

hydr ogenat i on wi th hydrogen in the presence of platinum palladium or
ni ckel catal ysts or with chem cal redygi ng agents such as '

cyanobor ohydride in an inert solvent such5§§'nethanol or ethan ?gbﬁﬁﬁﬂﬁ)

Alternatively, a simlar transfornmation can be acconplished via an
epoxi de openi ng reacti on. 15 20 25 30 .
Compounds of formula I and II wherein R4 and/or R5is a

hydrogen can be further elaborated to new compounds I and I1
(preferred side chain R7 = CH2-CH(OH)-CH2X, wherein X = H or
OH) which are substituted on the amino group as depicted in Scheme 4.
Reductive amination of I and II with an aldehyde is carried out under
conditions known in the art; for example, by catalytic hydrogenation
with hydrogen in the presence of platinum, palladium, or nickel
catalysts or with chemical reducing agents such as sodium
cyanoborohydride in an inert solvent such as methanol or ethanol.
Alternatively, a similar transformation can be accomplished via an
epoxide opening reaction.
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SCHEME 4 [err]

[err] Rlerr] and/or Rerr] =H [err] where Rlerr] and/or Rlerr] is
Jerr] -Jerr] al kyl or
substituted al kyl Compounds of fornmula | and Il, wherein A
is N(R err)———- —
Sheet Has Been Replaced
T 25 T
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25 U =i
Ry Rap
Il RgandiorRs=H I where R, and/or Rg is C1-C6
alkyl or substituted alkyl
30 Compounds of formula I and II, wherein A is N(R2)-

(CH2)z-C(R7)(R72)-(CH2)y, can be prepared as shown in Scheme 5 by

reacting 4 or 4a with reagents 8, wherein X is a good leaving group
such as Cl, Br, I, imidazole. Alternatively, 4 and 4a can be reacted

with an isocyanate of formula 9 in an inert solvent such as 1,2-
dichloroethane. ¥ R4 or R5 is hydrogen in the final product, the



(CHerr])[err]-
in Scheme 5 by

C(Rerr])(Rerr])-(CHerr])

[err], can be prepared as shown

reacting 4 or—4dawth-

gagents 8, wherein X is a good

| eavi ng group such as Cl, B yyd shedt BhdRzMeBlacedl t ernatively, 4 and 4a can
be reacted with an isocyanate jn an inert solvent such as
1, 2- di chl oroethane. If R err] }l mm n hydrogen in the final
product, the - 26- reagents
8 and 9 will bear a renovable protecting group L in place of Rlerr] or
Rerr]. SCl—IEgE_ 5 [err] 18899IBY
reagents 8and 9 wﬂl bear a rémovable protecting group L in place of
R4 or Rs.
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The compounds I and II of the present invention can also
be prepared in a convergent manner as described in reaction schemes 6,
10 7 and 8.

The protected amino acid derivatives 10 are, in many
cases, commercially available where M = methyl, ethyl, or benzyl
esters. Other ester protected amino acids can be prepared by classical
methods familiar to those skilled in the art. Some of these methods
include the reaction of a protected amino acid with a diazoalkane and
removal of a protecting group L, the reaction of an amino acid with an



The conpounds | and Il of the present invention can al so be prepared
in a convergent manner as described in reaction schenes 6, 7 and 8. 30
The protected am no acid derivatives 10 are, in many cases,
commercially avai'l able where M= nethyl, ethyl, or benzyl esters.

O her ester protected am no acids can be prepared by classical met hods
famliar to those skilled in the art. Sonme of these nethods I ncl ude
the reaction of a protected amno acid with a diazoal kane and renoval
of a protecting group L, the reaction of amno acid wth an

- 27 - appropriate al cohol in thé<4resence a strong aci@&%y
hydr ochl oric acid or p-toluenesul fonic acid. Synthetic routes for the
preparation of new am no acids are described in Schenmes 14, 15, and

;S' 5 shownai r%prﬁ%ﬂr?erﬁlébb ;:ou I ﬁe%g%bﬁgyafga Sgééaﬁyno ac@qga%ﬁgﬁa/e gr
7 wher o/ R-iobeRe e %S@Qbe,ﬁ%@l&egm (s PERAFRON EaRNe 3.
When a umesinoi avidg are desoritednin Scheibeoi4,115, and 16an be introduced as

'[ L'r ‘rJ]St rated 0" Sch iR miediates §f formula 11 and 11a, can be preparsd &Y ©
> shown in Scheme 6 by coupling of amines 10 to amino acids 6 and/or 7,
wherein L is a protecting group, as described above in Scheme 3. When
a urea linkage is present in 11 or 11a, it can be introduced as illustrated

in Scheme 5.
10 SCHEME 6
. Ry R:RsQ ° Ry
Ao R HOOC-A~N-Rs R N-C=A—N—Rs
. I® 6 o COOM
R-' N-H 11
15 A .
coom + OR .
10 14 RaReQ - Ry
HOOC-A-N-1 R1—l—N-C—A—N—-L
7
COOM
: - 1a
20

Conversion of the ester 11 or 11a to infermediate acids 12
or 12a can be achieved by-a number of methods known in the art as
described in Scheme 7; for example, methyl and ethyl esters can be

25 hydrolyzed with lithinm hydroxide in a protic solvent like aqueous
methanol. In addition, removal of benzyl group can be accomplished by
a number of reductive methods including hydrogenation in the presence
of platinum or paliadium catalyst in a protic solvent such as methanol.
. An allyl ester can be cleaved with tetrakis-triphenylphosphine palladium
30 catalyst in the presence of 2-ethylhexanoic acid in a variety of solvents
including ethyl dcetate and dichloromethane (see J. Org. Chem. 1982,
42, 587). '
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Conversion of the ester 11 or 1la to internediate acids 12 or 12a

can be achieved by a nunmber of nethods known in the art as desci bed
in Schene 7; for exanple, nmethyl and ethyl esters can be 25 hydrolyzed
with ljthiumhydroxide in a protic solvent |ike aqueous met hanol . In
addi tion, renoval of benzyl group can be acconplished by a nunber  of
reductive nmethods including hydrogenation in the presence of

pl ati num or palladiumcatalyst in a protic solvent such as nethanol .

An allyl ester can be cleaved with tetrakig-triphenyl phosphine UM
30 catalyst in the presence of 2-ethy|hex220|c acidin a varlegsggbﬁgyu

sol vent s I ncl udi ng ethyl acetate and dichl oronet hane (see J. Og.
Chem 1982, 42, 587). : -
28 - SOMBRET [err]

Acid 12 or 12a can then be elaborated to 5 & 5a and Sb 15 & 5c as
described in Scheme 8. Coupling of spiro piperidines of formula 2 and
2a to acids of fornmula 12 or 12a, wherein L is a . SHft bl e prgtcecting
group, is conveni entR g&ﬂl‘l egg out in an inert solvent | @uchﬁ%

di chi orone ane y q C gg% gent such as dicyl bedi i m de
(DCC) or E ge pres c@‘qgjf’ﬁs hydroxybenztrlazollqb NI—EB‘§ (ﬁd

Al ternati vel y, the COPM ng can al so be effected with GOOH coupl i ng

reagent such as benzotrazgl -1-yl oxytris(di met hyl am no) 12
Ra R Q R2Re Q@ R
10 Ry N— —A—N— Ry N-C-A-N—-L
COOM COOH
11a 12a

Acid 12 or 12a can then be elaborated to 5 & 5a and 5b
& 5c¢ as described in Scheme 8. Coupling of spiro piperidines of
formula 2 and 2a to acids of formula 12 or 12a, wherein L is a
suitable protecting group, is conveniently carried out in an inert solvent
such as dichloromethane by a coupling reagent such as dicylobexyl
carbodiimide (DCC) or EDC in the presence of 1-hydroxybenztriazole
(HOBT). Alternatively, the coupling can also be effected with a
coupling reagent such as benzotriazol-1-yloxytris(dimethylamino)
phosphonium hexafluorophosphate ("BOP") in an inert solvent such as
dichloromethane. Transformation of 5a & Sc to I and II is achieved
by removal of the profecting group L. When R4 andfor R5 is H,
substituted alkyl groups may be optionally added to the nitrogen atom as
described in Scheme 4.
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phosphoni um hexaf | uor ophosphate ("BOP") in an inert solvent such as

di chl oronet hane. Transformation of 5a & 5c to | and Il is achieved by
renoval of the protecting group L. Wien R erT] and/ or Rlerr] is H 25
substitued al kyl groups nmay be optionally added to the nitrogen atom as
described in Schene 4. 30 - 29
- SCHEME 8 [err]

-29 - 18899IBY
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The preparation of oxygenated spiroindanyl piperidine
intermediates is illastrated in scheme 9 in which R3 and R3p are both
hydrogens. Hydroboration of the protected spiroindene 13 followed by

30 oxidative workup with pyridinium chlorochromate provides the
spiroindanone 14 .

e
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The preparation of oxygenated spiroindanyl piperidine I nt er nedi ates .
is illustrated in schenme 9 in which Rlerr] and Rlerr] are both

hydr ogens. Hydroboration of the protected spiroindene 13 fol |l owed by 30
oxi datii ve workup with pyridiniumchlorochromate provides the

spi roi ndanone 14. - 30 -
SCHEME 9 [err] 10 Conversi on of spiroindanes into
benzol act am i nt er mredi at es is illustrated in Schene 10. The treatnent of
t he spiroi ndanone with hydrazoi ¢ aci dgjn an i nert sol vent ?gg
chl orof orm (Schm dt reaction) is one  OF the many suitable
nmet hods for this transformation. A 15 mxture of two benzol actans is
formed in is exanple. The isonmers are easily separated by
chromat ography on silica gel. These i nB@HEME 8t es can then be
deprotected and incorporated into growh hornone secr et agogues as
depicted in Schenes 1 &nd 8 utilizing generic internedi ate 2. 20
SCHEME 10 [err] &
1.9 BBN
S R
4 3b 2. PCC
J
“Rs o)
13 ~ 14

10
Conversion of spiroindanes into benzolactam intermediates

is illustrated in Scheme 10. The treatment of the spiroindanone with
hydrazoic acid in an inert solvent such as chloroform (Schmidt reaction)
is one of the many suitable literature methods for this transformation. A
15 mixture of two benzolactams is formed in this example. The isomers are
easily separated by chromatography on silica gel. These intermediates
can then be deprotected and incorporated into growth hormone
secretagogues as depicted in Schemes 1 and 8 utilizing generic

intermediate 2.

20 SCHEME 10
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-31 - Al kyl ation of 15 and 16 with an alkyl halide in a
solvent | such as DWF in the presence of NaH afford 17 and 18 (Rlerr] =
Cerr]-Cerr] al kyl). 5 . SCHEME 10A [err]
When L.is an appropiate protecting group such as a benzyl group the
am des can be reduced with |ithium alum num hydride to provi de the
am nes 19 and 21. These am nes where R2=H can then be 20 al kyl at ed,

aryl ated, acylated, or reacted with substituted sul fonyl halides

| socyanat es enpl oyi ng conditions known to ihose skilled in the ﬁ?Y
afford conmpounds 20 and 22. Renoval of thé pr ot ecti ng group (L}§%%9

hydr ogenol ysi s- using a pal |l adium catal yst provi des internedi ates that

can be incorporated into the secretagogues of this invention using the 25

chemistry illustrated i nABoflsien of ¥dn8 1$hwith apaliey] Hallide juta kbkent
generic internpdph $DMF in thdpresence of NaH afford 17 and 18 (R = C1-Cy

alkyl).
S SCHEME 10A
L L
_ N N
10 +
sz, NaH
15 o 16 - o |
DMF 2 0N
' O "R
17 18

15

When L is an appropiate protecting group such as a benzyl
group the amides can be reduced with lithium aluminum hydride to
provide the amines 19 and 21. These amines where Ro=H can then be
alkylated, arylated, acylated, or reacted with substituted sulfony! halides
or isocyanates employing conditions known to those skilled in the art to
afford compounds 20 and 22. Removal of the protecting group (L) by
hydrogenolysis using a palladium catalyst provides intermediates that
can be incorporated into the secretagogues of this invention using the
chemistry illustrated in Schemes I and 8 shown above which utilize
generic intermediate 2.
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- 32- SCHEME 11 [err]

SCHEME 11A [err] 25 Alternatively, the
1,2,3,4-tetrahydrospirof[isoquinolin-4,4 - pi peridine] ring systemcan be
prepar.ed as outlined in Schene 12. The ozonol ysis of the protected
spi roi ndene foll owed by dinethyl sulfide treatnment gives a hem acet al
I nt ernmedi ate 24 whi ch under reductive am nation and acyl ation conditions
provi des am ne 25. The amino 30 protecting group (L) has been defined
above. - -32- - 18899IBY
SCHEME 11
T T T
N N
3 LAH |
| | | |
HN HN RgN
10 O 19 20
16 -
SCHEME 11A
s % !
N N N
20 N N
- o N H Re
: 21 22
16
25 Altemnatively, the 1,2,3,4-tetrahydrospiro[isoquinolin-4,4'-

piperidine] ring system can be prepared as outlined in Scheme 12. The

ozonolysis of the protected spiroindene followed by dimethyl sulfide

treatment gives a hemiacetal intermediate 24 which under reductive

amination and acylation conditions provides amine 25. The amino
30 protecting group (L) has been defined above.
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- 33 - | SCHEME 12

[err] 15 The ring anal ogs of fornula 26,
where X, Yis HH OHH H, OH, and =0 may be prepared by nethods
descridbed in the literature and known to those skilled in the art. For
exanple, as illustrated in Schenme 13, the

spi ro[ 2H 1- benzopyran- 2, 4' - pi peri di ne] anal og can be 20 prepared froma
substituted or unsubstituted 2- hydroxyacetophenone and a properly

prot ected 4-piperidone as described by Ka Synt hggi ,
886-887 and references cited therein. Thegg hydroxyacetogggﬁgﬁgg? in
tum are either comercially avail able or can be prepared by routes in
the literature known to those skilled in the 25 art. Such nethods are
described by Chang, C. T. et al, in SCHEME@8em Soc., 1961

3414-3417. and by Elliott, J. M et al, in J. Md. em 1922, 35,
3973-3976. Renoval of the pqptecting group as descrihed in: Protective

Goups in Organic Synthesis,t Geene, T. W, Wits, B John Wley &
sons, New York, 1991, and @#eison, R A et al, J. g. 30 Chem 1984, 49,

2081- 2082, gprovi des the a '
grow h hornone secretagogue

and 8 shown above which ut| eric

10

N
w
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n
F-Y

1) NHg

2) N&BHgCN
ReN

25
15

The ring analogs of formula 26, where X, Y is H,H; OH,H;

H,OH; and =O may be prepared by methods described in the literature
and known to those skilled in the art. For example, as illustrated in
Scheme 13, the spu'o[ZH- -benzopymn—2,4'~p1pendme] analog can be

20 prepared from a substituted or unsubstituted 2-hydroxyacetophenone
and a properly protected 4-piperidone as described by Kabbe, H. J.
Synthesis 1978, 886-887 and references cited therein. The 2-
hydroxyacetophenones, in tum, are either commercially available or
can be prepared by routes in the literature known to those skilled in the

25 art. Such methods are described by Chang, C. T. et al, in J. Am. Chem.
Soc., 1961, 3414-3417. and by Elliott, J. M. et al, in J. Med. Chem.
1992, 35, 3973-3976. Removal of the protecting group as described in:
Protective Groups in Organic Synthesis, Greene, T. W., Wats, P. G,
John Wiley & sons, New York, 1991, and Olofson, R.A. et al, J. Org.

30 Chem. 1984, 49, 2081-2082, provides the amine which then can be
incorporated into a growth hormone secretagogue via the chemistry
detailed in Schemes 1 and 8 shown above which utilize generic
intermediate 2. |
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I nternedi ate 2. -34 - [err]

- 35 - SCHEME 13 (CONT' D) [err]

The ketone functionality in conpounds of general structure 27 may be
reduced to an al cohol using sodi um porohydride or may be

_34 - 18899IBY

5
26
10
0
~OH [N>
Rsa L: _z + — _H___,
Rap N
. 0 L
15 27
O N,L
Rq —% o~
a p
20 RS:/ #
26 O
25
30
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fully reduced to a nethyl ene al so enpl oying conditions known to those 20
skilled in the art. For exanple, reduction of the ketone with sodi um

bor ohydride, followed by treatnment with concentrated hydrochloric aci d
and hygdrogenation yield conpounds with general structure 29. The am ne
of strusture 27, 28, or 29 can then be incorporated into a grow h

hor none secretagogue via the chemstry detailed in Schenmes 1 25 and 8
utilizing generic formula 2. Alternatively, the ketone can often be
reduced after incorporation into the conpggnds of Fornula I.

Preparation of chiral hydroxyspiro[2k#1-b§§ibpyran-2,4'- : Bﬁﬁg?p%yﬁe]
anal ogs can be achi eved using optically active reducing 30 agents and the
crystallization of diastereoneric salts. The conpounds of
formulas | and Il of the present EEﬁﬂﬂMEﬁgLﬁnxglﬁnprepared froma variety
of substituted natural and unnatural am no acids such as those of
formulas 30 and 6 and 7 where | S

-(CHerr])[err]-C(R err] [err])[err]. The pr-o. atN#h of many

of these aci ds gasfibe bed in the US pareng b
-36 - 5 The prepdr i t hese NaBélnedi Rqg formis
acconpl i shed by thgsica met hets—fami+ar to YegSessKilled in the art
(Wlliams, R M ynt he@Hs of Optically Actfse a- A% no Acids”
Per ganon Press: Oxf orgg , 1989; Vol. 7). Several met h8ls exist to
resolve (DL)- [err] am no acids. One of tBé& comuon nethods is
to resolve am no or car op))Hcgpr otected internedi ates by
crystallization of salts der wﬂ optically active acids or
am nes. Alﬁgrnatlvely, t he o] group of 15 carboxyl protected
I ntermedi ates can be coupled to optically active acids by using
chem stry described earlier. Separation of the individual
NH
Ra,— A °
" "
R
3b 29
The ketone functionality in compounds of general structure
27 may be reduced to an alcohol using sodium borohydride or may be .
fully reduced to a methylene also employing conditions known to those
20 skilled in the art. For example, reduction of the ketone with sodium
borohydride, followed by treatment with concentrated hydrochloric
acid and hydrogenation yield compounds with general structure 29,
The amine of structure 27, 28, or 29 can then be incorporated into a
growth hormone secretagogue via the chemistry detailed in Schemes 1
25 and 8 utilizing generic formula 2. Altematively, the ketone can often
be reduced after incorporation into the compounds of Formula I.
Preparation of chiral hydroxyspiro[2H-1-benzopyran-2,4'-
piperidine] analogs can be achieved using optically active reducing
20 agents and the crystallization of diastereomeric salts.

The compounds of formulas I and II of the present
invention are prepared from a variety of substituted natural and
unnatural amino acids such as those of formulas 30 and 6 and 7 where
A is -(CH2)x-C(R7)(R72)-(CH2)y~. The preparation of many of these
acids has been described in the US patent 5206237, —————-
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di astereoners either by chromatographic techni ques or by

crystallization foll owed by hydrolysis of the chiral am de furnishes
resolved am no acids. Simlarly, amno protected internediates can be 20
converted to a-ﬁTXthe—0+~thrfaF~d|astereonerlc esters and am des.

Separ ati on of t N44met hods described above and hydrolysis
of the |nd|V|dua prOV|des (D) and (L) am no acids.
Finally, an enzy F resol ve N-acetyl derivatives of (DL)-
am no aci ds has

y Wiitesid and coworkers in J
Chem Soc. 1989, 111, 6354 6364 %% When it is deéfgﬁgmé%o

synt hesi ze t hese |nterned|ates I n optically pure form sone
establ i shed net hods |nclude (1) asynnetrlc el ectrophilic an1nat|on of

gggrgg9$ngggg$ dégﬁ r 0 ..N hi ﬁn¥ﬁ&ﬂnﬁ§t On@@%go t

| u i i i i
active carbonyPY gh (%JPW% %ﬁ)&)@rﬂﬂ‘ﬁ %6’(1, 1%@%3&3%&1
Tetrahedron Let'Synf#R8is o£6p tiizany Adfive a—Anﬁnasdads’bi’etgamnnePwskyl ation of

3‘5“&2%“332?*@23}2%%’%?2@ 'Sevéi) method RS 5ROl Pl Gr 1 oo

addi tion to a chiral electrophilic egC|nate synthon (J. Am Chem

Soc. 1986, 108, 1103), (5) asynmetric

- 37 - hydr ogenati on of prochi rﬁ d ﬁ rgarri no acid derivatives
("Asymmetric Synthesis, Chiral Cataly “*4son, J. D., Ed, Academ ¢
Press: Ol ando, FL, 1985; Vol 5), and (6)cggﬂynat|c synt heses (Angew.
Chem Int. Ed. Engl. 1978,17, 176). For exanpl e, alkylation
of the enoll%te of di phenyl oxazi none 31g§J. Am Chem Soc. 1991, 113,
9276) with ci nnanyl brom de in the presence of sodium

bi s(trinmethylsilyl)am de proceeds snoothly to afford 32 which is

converted i nt oahiifiodeids, Ond Bfthel@oﬁm@m ntethodd &t Assolvn aimineird 33 by
st o ko BP0 i S B
SCHEME 14 optically active acids or amines. Altematxvely, the amino group of
15 carboxyl protected intermediates can be coupled to optically active acids
by using chemistry described earlier. Separation of the individual
diastereomers either by chromatographic techniques or by
crystallization followed by hydrolysis of the chiral amide furnishes
resolved amino acids. Similarly, amino protected intermediates can be
20 converted to a mixture of chiral diastereomeric esters and amides.
Separation of the mixture using methods described above and hydrolysis
of the individual diastercomers provides (D) and (L) amino acids.
Finally, an enzymatic method to resolve N-acetyl derivatives of (DL)-
amino acids has been reported by Whitesides and coworkers in J. Am.
25 Chem. Soc. 1989, 111, 6354-6364.
When it is desirable to synthesize these intermediates in
optically pure form, some established methods include: (1) asymmetric
electrophilic amination of chiral enolates (J. Am. Chem. Soc. 1986,
108, 6394-6395, 6395-6397, and 6397-6399), (2) asymmetric
30 nucleophilic amination of optically active carbonyl derivatives, (J. Am.
Chem. Soc. 1992, 114, 1906; Tetrahedron Lett. 1987, 28, 32), (3)
diastereoselective alkylation of chiral glycine enolate synthons (J. Am. -
Chem. Soc. 1991, 113, 9276; J. Org. Chem. 1989, 54, 3916), (4)
diastereoselective nucleophilic addition to a chiral electrophilic glycinate
synthon (J. Am. Chem. Soc. 1986, 108, 1103), (5) asymmetric



[err] I nternedi ates of forrmula 30 which are

O benzyl - (D) - serine derivatives 34 .are conveniently prepared from
suitably 30 substituted benzyl halides and N-protected-(D)-serine 34. The
protegting group L is conveniently a BOC or a CBZ group. Benzyl ati on
of 34 can be achieved by a nunber of nethods well known in the

literature including deprotonation with two equival ents of sodi um
hydride in an inert solvent such as DMF followed by treatment with one

-38 - equi valent of a variety of bepzyl halides (Synthes 36)
as shown I n Schenme 15. ﬁ SO@% err]
10 The O al kyl-(D)-serine derivatives are al so prepared
usi ng

hydrogenation of prochiral dehydroamino acid derivatives
("Asymmetric Synthesis, Chiral Catalysis; Morrison, J. D., Ed;
Academic Press: Orlando, FL, 1985; Vol 5), and (6) enzymatic
syntheses (Angew. Chem. Int. Ed. Engl. 1978, 17, 176).

For example, alkylation of the enolate of
diphenyloxazinone 31 (J. Am. Chem. Soc. 1991, 113, 9276) with
cinnamy! bromide in the presence of sodinm bis(trimethylsilyl)amide
proceeds smoothly to afford 32 which is converted into the desired (D)-
2-amino-5-phenylpentanoic acid 33 by removing the N-t-
butyloxycarbonyl group with trifluoroacetic acid and hydrogenation
over a PACI) catalyst (Scheme 14)

10

SCHEME 14 .

15 h

ulllw
1 g

Ph, NaN(TMS),, M,

“ (\o cinnamyl bromide |/\ 0
N

+Boc” 8]  t-Boc” C

20 31 ’

1) TFA 32
2)PdCly/H,
? NH
Ph 2

Ph

ys CO,H

33

Intermediates of formula 30 which are O-benzyl-(D)-
serine derivatives 34 are conveniently prepared from suitably
substituted benzy] halides and N-protected-(D)-serine 34. The
protecting group L is conveniently a BOC or a CBZ group.
Benzylation of 34 can be achieved by a number of methods well known
in the literature inclnding deprotonation with two equivalents of sodium
hydride in an inert solvent such as DMF followed by treatment with one

30
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the al kyl ati on protocol shown in Schene 15. Other nethods that could be
utilized to prepare (D)-serine derivatives of fornula 35 include the

acid catalyzed benzyl ati on of carboxyl protected intermediates derived 15
from34 with reagents of formula ArCH err] OC(=NH)CC [err] (O Yonem tsu

et al. Chem Pharm Bull. 1988, 36, 4244). Aternatively, alkylation of

the chiral gylcine enolates (J. Am Chem Soc. 1991, 113, 9276; J. Og.

Chem 1989, 54, 3916) with ArCH err]OCH err] X where X is a | eaving group

affords 35. In addition D_(}aryl(alkyl)s§rines can be prepareigggﬁngg

resol ved by nethods descri bed above. The al kyl
N-protected-(D)-cysteine 36 is carried out by the procedure described
in the (D)-serine derivative synthesis and illustated below with

Rl err]-X where . N
a7 oups as Shomeifgirﬂghhﬂ %fgaf vifiety 6F befirglhalides (Synitabsis 1989096y as shetwn
39

SCHEME 16
Lerr] SCHEME 15
° H 'NaH/DMF H
HO/\‘/N\L Ar-CHy-X A O/YN\L
CO,H CO,H
34 - 35

10
' The O-alkyl-(D)-serine derivatives are also prepared using
the alkylation protocol shown in Scheme 15. Other methods that could
be utilized to prepare (D)-serine derivatives of formula 35 include the
acid catalyzed benzylation of carboxyl protected intermediates derived
15 from 34 with reagents of formula ArCH20OC(=NH)CCIl3 (O. Yonemitsu
et al. Chem. Pharm. Bull. 1988, 36, 4244). Altematively, alkylation of
the chiral gylcine enolates (J. Am. Chem. Soc. 1991, 113, 9276; J. Org.
Chem. 1989, 54, 3916) with ArCH,OCH2X where X is a leaving group
affords 35. In addition D,L-O-aryl(alkyDserines can be prepared and
20 resolved by methods described above.
The alkylation of N-protected-(D)~cysteme 36 is carried
out by the procedure described in the (D)-serine derivative synthesis
and illustrated below with R13-X where X is a leaving group such as

halides and mesyloxy groups as shown in Scheme 16.
25

30
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The oxidation of the cysteine derivatives 37 to the 15 sulfoxide 38 (n=1)

and the suffone 38 (n=2) can be acconplished with many oxi di zi ng
agents. (For a review of the oxidation of sulfides see O g. Prep.
Proced. Int. 1982, 14, 45.) Sodium periodate (J. Og. Chem 1967, 32,
3191) is often used for the synthesis of sutfoxides and pot assi um
hydr ogen persulfate (OXONE) (Tetrahedron Lett. 1981, 22, 20 1287) is used
for the synthesis of sulfones. Hence, a variety of
substituted am no acids may be i ncorp ted into a growth
secretagogue via the chem stry detaiTl §a| n Schemes 1 and 8%%2ﬁY

secr et agogues that contain a sul foxide or a sulfone functional group
can al so be prepared fromthe cysteine 25 secretagogues by using sodi um
periodate or OXONE[err]. Alternativel yYSCHEMBW8r ogen peroxi de may be used

as the oxidizing reagent in thé&'last step of the synthgsis as shown in
Schene 17. The sul f oxi de 4 (nNL) andNaH/THEul f one 40 (n=2)lanal ogs can be
separated by preparati ¥S I ayter RyzXchr omat ~N
SCHEME 17 [err]
- 5 CO-H CO;H
36 37
7
© g N
Ta\s \L
10 |
[0l n com
38 =1,2

: The oxidation of the cysteine derivatives 37 to the
15 sulfoxide 38 (n=1) and the sulfone 38 (n=2) can be accomplished with
many oxidizing agents. (For a review of the oxidation of sulfides see
Org. Prep. Proced. Int. 1982, 14, 45.) Sodium periodate (. Org.
Chem. 1967, 32, 3191) is often used for the synthesis of sulfoxides and
potassium hydrogen persulfate (OXONE) (Tetrahedron Lett. 1981, 22,
20 1287) is used for the synthesis of sulfones. -

Hence, a variety of substituted amino acids may be
incorporated into a growth hormone secretagogue via the chemistry
detailed in Schemes 1 and 8. The secretagogues that contain a sulfoxide
or a sulfone functional group can also be prepared from the cysteine

25  secretagogues by using sodium periodate or OXONE®, Alternatively
hydrogen peroxide may be used as the oxidizing reagent in the last step
of the synthesis as shown in Scheme 17. The sulfoxide 40 (n=1) and
sulfone 40 (n=2) analogs can be separated by preparatxve thin Jayer

chromatography.
30
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Renoval of am no protecting groups can be-.achieved by a number of 30

nmet hods known in the art; as descii bed above and |n Protectlve G oups

in Organic Synthesis T. W G eene, John WI ced 1081

Conpounds of forrmula | wherein Rlerr] and H ﬁl hydr ogen can
be further elaborated by reductive alkyl ati al dehyde by the
af orenenti oned procedures or by al kylations such as by reaction with
vari ous epoxides. The products, obtained as .

-41 - hydrochl oride or trifluoroace te salts, are conve

purified by reverse phase hlgh per f or Mence I|qU|d chronatog§§ggh¥EPLC)
or by recrystallization. - The spiro piperidines of

formula 41 can be prepared by a nunber of methods, including the
synt heses as described below. [err]

'SCHEME 17

Ry 2’ '

a,

5 S/Y \HA(NH::TF A
cCoO O

30% H,0,/TFA
10 B °F
D\h R
) Raza
Rab/\/
39
15 H
¥ﬁa & |
?/\( \[)A(NHZ TFA
cCO O )
O, | '

20 | =1,2

? F

s

—R
KA 2
25 Rab
40
Removal of amino protecting groups can be achieved by a number of

30 methods known in the art; as described above and in Protective Groups

in Organic Synthesis T.W. Greene, John Wiley and Sons, NY. 1981.

Compounds of formula I wherein R4 and RS are each
hydrogen can be further elaborated by reductive alkylation with an
aldehyde by the aforementioned procedures or by alkylations such as by
reaction with various epoxides. The products, obtained as



The spiropiperidines of formula 42, wherein L is a defined protecting

group, capn be synthesized by nethods that are known in the literature
(for exanple HH Ong et al J. Med. Chem 1983, 23, 981-986). 20 The

i ndol i.ne nitrogen of 42, wherein L is a protecting group such as met hyl
or benzyl, can be reacted by with a variety of electrophiles to yield

spiro piperidines of fornmula 43, wherein R err] can be a variety of
functionalities. Conpound 42 can be reacted with, for exanple,

i socyanates in an inert solvent |ike dichkgronmethane to yield g §§99ﬁ§¥
derivatives, chloroformates in an inert solvent |ike dichlorong

yi el d carbamates, acid chlorides, 30 - 42 - [err]

hydrochloride or trifluoroacetate salts, are conveniently purified by
reverse phase high performance liquid chromatogrphy (HPLC) or by

recrystallization.
The spiro piperidines of formula 41 can be prepared by a

> number of methods, including the syntheses as described below.
10
15

41

The spiropiperidines of formmla 42, wherein L is a defined
protecting group, can be synthesized by methods that are known in the
literature (for example H. Ong et al J. Med. Chem. 1983, 23, 981-986).

20 'The indoline nitrogen of 42, wherein L is a protecting group such as
 methyl or benzyl, can be reacted by with a variety of electrophiles to
yield spiro piperidines of formula 43, wherein R9 can be a variety of
functionalities. Compound 42 can be reacted with, for example,
isocyanates in an inert solvent like dichloromethane to yield urea
25 derivatives, chloroformates in an inert solvent like dichloromethane to
yield carbamates, acid chlorides,

30

This Sheet Has Been Replaced

IR



anhydri des, or acyl imdazoles to generate am des, sulfonyl chlorides to
generate sul fonam des, sulfanyl chlorides to yield sulfam des. Al so, the
i ndoline nitrogen of 42 can be reductively al kylated with al dehydes with
condi tions known in the at When the al dehyde used in the reductive

am nation reaction is a protected glyoxylic acid of structure

HCOCOOM wherein Mis a defined protecting group, M can be r enoved
fromthe product and further derivatized. Alternatively, 42 can be
reacted with epoxides to pr.oduce 43, mheregr Rlerr] is [err]-hﬁ%{g@&gY
substituted al kyl or arylal kyl groups. Thé™4 hdoline 42 can als
transforned to conpounds of formula 43, wherein R err] = phenyl or
substituted phenyl, heteroaryl or substituted heteroaryl, by carrying out
the reacing 42 with a fluoro phenyl orSCHEM® 18eteroaryl reagent. This

25 chemstry is detailed in H Ong et al J. Med. Chem 1Q§3 23, 981-986.

30 N - 43 - " SCHEME 19
[err] 10 The spiro piperidine inte nedlrte 43 (L M
or Bn), ~wherein Rfjerr] Jis hydrogen or nost of the dg¢rivafives descri bed
above, cansg be dene ted or debenzyl ated to produce\g4 erein
Rlerr] is hydr oge f the derivatives descridied as shown
N N
H” Ry~
42 - 43

10

anhydrides, or acyl imidazoles to generate amides, sulfonyl chlorides to
generate sulfonamides, sulfamyl chlorides to yield sulfamides. Also, the
indoline nitrogen of 42 can be reductively alkylated with aldehydes with
conditions known in the art. When the aldehyde used in the reductive
amination reaction is a protected glyoxylic acid of structure
HCOCOOM, wherein M is a defined protecting group, M can be
removed from the product and further derivatized. Alternatively, 42
can be reacted with epoxides to produce 43, wherein R9 is §-hydroxy-
substituted alkyl or arylalkyl groups. The indoline 42 can also be
transformed to compounds of formula 43, wherein R9 = phenyl or
substituted phenyl, heteroaryl or substituted heteroaryl, by carrying out
the reacting 42 with a fluoro phenyl or fluoro heteroaryl reagent. This

25 chemistry is detailed in H. Ong et al J. Med. Chem. 1983, 23, 981-986.

15
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Schene 19. For conpounds of formula 43, wherein L = Me, 15 denethyl ation

can be carried out by a nunber nethods famliar those skilled in the
art. For exanple, denethylation of 43 be acconplished by reacting it

wi th eyanogen broni de and potassium carbonate in an i nert solvent -

sol vent such as dichloronethane to yield a cyanam de 20 which can reduced
to give 44 by treatnent with |[ithium al um num hydride in refl uxing
tetrahydrofuran, refluxing strong acid Iike agueous hydr ochl ori ¢ aci d,
or with Gignard reagents |ike mnethyl qﬁ§|un1 bronm de. Ajgegopsivel y,
dermet hyl ation of 43 can be effected with ACE-Cd nethod as descri bed

in R Oofson et al J. Og. Chem 1984, 49, 2795 and references
therein. For intermediates of formula 43, 25 wherein L = Bn, renoval of
benzyl group can be accopplished by SCGHEMEdS/e rmet hods Hncl uding
hydr ogenation in the pr nce of platinum or pall adi y [
protic solvent |like nmefhangj. Alternatively, debenzyfl atign of 43, L =
Bn, can be effected with the ACE-C net hod as descrijped ijn R A of son
et al. J. Og. Chem 1 The spiro hetervg
45 can be pgrepared by er of nethods, includ
described in Schenme 20 -44-
SCHEME 20 [err] R/N
9

heses as

43 44

10 The spiro piperidine intermediate 43 (L = Me or Bn),

" wherein R9 is hydrogen or most of the derivatives described above, can
be demethylated or debenzylated to produce 44, wherein R9 is
hydrogen or most of the derivatives described above, as shown in
Scheme 19. For compounds of formula 43, wherein L = Me,
demethylation can be carried out by a number methods familiar those
skilled in the art. For example, demethylation of 43 be accomplished
by reacting it with cyanogen bromide and potassium carbonate in an
inert solvent solvent such as dichloromethane to yield a cyanamide
which can reduced to give 44 by treatment with Jithium aluminum
hydride in refluxing tetrahydrofuran, refluxing strong acid like aqueous
hydrochloric acid, or with Grignard reagents like methyl magnesium
bromide. Alternatively, demethylation of 43 can be effected with the
ACE-Cl method as described in R. Olofson et al. J. Org. Chem. 1984,
49, 2795 and references therein. For intermediates of formula 43,
wherein L = Bn, removal of benzyl group can be accomplished by
reductive methods inclnding hydrogenation in the presence of platinum
or palladium catalyst in a protic solvent like methanol. Alternatively,
debenzylation of 43, L = Bn, can be effected with the ACE-CI method
as described in R. Olofson et al. J. Org. Chem. 1984

The spiro heterocyclic compounds 45 can be prepared by a
number of methods, including the syntheses as described in Scheme 20.

15
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20 Allylic oxidation of the protected piperidine 47 is acconplished by
classical, mnethods famliar to those skilled in the art (Rabjohn, N Og.
React. 1976, 24, 261). The resulting. allylic alcohol is treated with
thionyl chloride in an inert solvent such as benzene to provide the
corresponding chloride-48.-VWen D=O or S, the alkylation is carried

out in DVMF or acetone as Ivent W th potassium carbonate as a base,

and when mt@il’@ =H, alkyl, aryl, acyl, sulfonyl, carbamate) the
reaction is th sodi um hydri as a base in an in nt
such as THF cyclization pregﬁrsor 49. Wen L is QBSQQQYE
defined protecting group, conpound 49 can be cyclized by a nunber 30

nmet hods famliar to those skilled in the art. For exanple, cyclization of
49 can be acconplished by reaction wi tSCHEME2GItin hydride (Curran,

D. P. Synthesis 1988, |417 and 489) in an inert solven uch as benzene

to yield 46. Alternatilyely, % d 46 (DINR9) can

r by t he
met hod shown i n Scheae @ gﬁ-ﬁj be

2When D= compouny

oxidized to the sulf b 47 and tffe | fone 4 2) by many
- 45- 50xi di zi ng~\ggent sT{Schene Z21). xaan_.e,_saqum_peri odate is
of ten used for thgfsynthesis of sulfoxXntes and OX@ygei s used for the

synt hesi s of sul fones,_Renoval of the pgrotekcting group provides the
amine 45 which then c¥h be i ncor por at ed phpt'o 48 growt h hor none
secretagogue via the chem stry detaileds 1n Schenme 1 and 8 shown above

which utilize generic internediate 2. SCHEME 21 10
[err] _
\ : 5
N N
_ BugSnH .
X .
D
15 '
45 _45
49 D=0, S, NR,, X=halides, Se, S
.0 Allylic oxidation of the protected piperidine 47 is accomplished by

classical methods familiar to those skilled in the art (Rabjohn, N. Org.
React. 1976, 24, 261). The resulting allylic alcohol is treated with
thionyl chloride in an inert solvent such as benzene fo provide the
corresponding chloride 48. When D=0 or S, the alkylation is carried
out in DMF or acetone as solvent with potassium carbonate as a base,
and when D=NRg (R9=H, alkyl, aryl, acyl, sulfonyl, carbamate) the
reaction is carried out with sodium hydride as a base in an inert solvent
such as THF to afford the cyclization precursor 49. WhenL is a
defined protecting group, compound 49 can be cyclized by a number
methods familiar to those skilled in the art. For example, cyclization of
49 can be accomplished by reaction with tributyltin hydride (Curran ,
D. P. Synthesis 1988, 417 and 489) in an inert solvent such as benzene
to yield 46. Altematively, compound 46 (D=NR9) can be prepared by
the method shown in Schemes 18 and 19. When D=5, compound 46 can
be oxidized to the sulfoxide 47 (n=1) and the sulfone 47 (n=2) by many

25

30



The spiro pipenridines of fornula 50 and fornmula 51 can be 20 prepared by

t he syntheses described in Schene 22. The phthaI|n1d|nes of
formula 53, where R err] is defined as al kyl, aryl,
(CHer¢])[err]-aryl, or a protecting group, are either connerC|aIIy
avai l abl e or can be synthesized fromthe correspondi ng phthalimdes by

nmet hods that are known in the literature ( for exanple, Bewster et al in 25
J. Og. Chem, 1963, 28 501; Malees et al J. Chem Soc., 1977, 2038).

The phthal.im di ne 53 can be al kyl at ed in_q_ _presence of a bas 88§9ﬂ?¥as
pot assi um hydride, lithiumor potassium bi (trinethylsilyl)an1

the protected bis 2-hal oethyl amne, where L is a defined protecting

group such as nethyl, benzyl, t-BOC, or CBZ, etc., and Y could be O, 30
Br, I, to yiel dxtdmngmgmts mSchekm&BA FGMam leesodngng:equawm dfter

removed b ro e gction
of the | a%:/t gm Iﬁgé#*?&?afé SR "gﬁg %ﬁlﬁéxg&y%@]éa% ]N?;il?]& él?r?lnum
hydride, yi el dSyRiesis Hr s;ljfones Removal of the protecting group provxdes the
-46 - ; amine 45 which then can be inc6ipdrkteiintd ¥ glowth hormone

secretagogue via the chemistry detaileds in Scheme 1 and 8 shown above

which utilize generic intermediate 2.
[01
46 D =S8(0), m=12

SCHEME 21
10

15 46 D=S

The spiro piperidines of formula 50 and formula 51 can be
prepared by the syntheses described in Scheme 22,

The phthalimidines of formula 53, where R11 is defined as
alkyl, aryl, (CH2)q-aryl, or a protecting group, are either commercially
available or can be synthesized from the corresponding phthalimides by
methods that are known in the literature ( for example, Bewster et al in
J. Org. Chem., 1963, 28, 501; Mcalees et al J. Chem. Soc., 1977, 2038).
The phthalimidine 53 can be alkylated in the presence of a base, such as
potassium hydride, lithium or potassium bis(trimethylsilyl)amide, with
the protected bis 2-haloethyl amine, where L is a defined protecting
group such as methyl, benzyl, t-BOC, or CBZ, etc., and Y could be Cl,
Br, 1, to yield the spiropiperidine 54. The protecting group could be
removed by procedures described above to yield formula 50. Reduction
of the lactam in formula 50 by hydrides, such as lithium aluminum
hydride, yields formula 51.
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It is noted tat the order of carrying out the foregoing. reaction

schenes is not significant and it is within the skill of one skilled

in the art to vary the order of reactions to facilitate the reaction or to
25 avoid unwanted reaction products. The growt h

hor none rel easi ng ¢onpounds—of—For nul a | and Il are useful in
vitro as uni m%&m{ﬁBEﬁM&qprSt andi ng how growt h hornone

secretion is rﬁﬂmw[ﬂmﬂe pituitary level. This i ncl udes use
in the eval uat. W {§fct or s t hought known to 30 i
growt h hor none h as age, sex, ™nutritional 1%?9%&2

gl ucose, amno acids, fatty acids, as well as fasting and non-
fasting states. In addition, the conpounds of this invention can be

used in the evaluation of how othgr horSCHEMEBR®RIi fy grow h ) hor none
rel easing activity. For exanple, has al ready been N est abl i shed
that somatostatin inhibits gro 9r none release. Oh -
47 - hor mones that are inp@rtagt and in need of sfudyjas to their

ef f ect on growth hornong >/se include the go rnones, e.g.,
testosterome, estradiol R rone; the nﬁnes, e.g.,
cortisol and other corticol'¥s ' e@ﬁri ne and n Y, the

pancreati c and gastroi nt e

D

gastrin, secretin; the vasoactive Qeptides, e.g.

W nones, e.g., @n I n, gl ucagon,
F,‘sboorrbesi n, the

51
10 LN(CH,CH,Y),
base
L
i H
15 N ﬁ N
=z 4 =
R3a L ] N"‘R-“ —_— RsaT l Nﬂﬂ RSaT ' Rﬁ
Rap s Rap S Rsb/\
20 o
54 50 51

It is noted that the order of carrying out the foregoing
reaction schemes is not significant and it is within the skill of one skilled
in the art to vary the order of reactions to facilitate the reaction or to

25 avoid unwanted reaction products.

The growth hormone releasing compounds of Formula I
and II 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

30 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



neur oki nins; and the thyroid hornones, e.g., thyroxine.and

triiodothyronine. The conpounds of FormII as | and Il can also be

enpl oyed to investigate the possible nggafdVisBtenpeagiced ve feedback
effects of some of the pituitary hornon h hor none and

endor phin peptides, on the pituitary tomm!g“g‘ hor none rel ease.
O particular scientific inportance is ese conpounds to
el uci date the subcel lul ar mechani sns nedi ating the rel ease of growth
hor none. The conpounds of rmula | and |1 can

adm ni stered to ani mals, including manE?to rel ease growh hgg%%%@Yn
vivo. For exanpl e, the conpounds can be adm nistered to comrercially

i mportant animals such as swine, cattle, sheep and the like to

afoC9| erate a”g ?ﬂﬁﬁ@ﬁé@tﬂﬂi%{éﬂﬁ@bﬂa&ﬁﬁ{lﬁﬁhﬁi&dﬁfﬁﬁﬁyﬂﬁ tot&e?rrﬁff@ate 20 feed
e |C|ency an 0 inc se m r oduc n suc il s n
addi ti on, these op B‘Gﬁm ? E@rt@ﬁ M&Q@oﬁeﬁ ¢&as a

di agnosti ¢ t ool tastoslemmt bstmlm&,ramhp s the aﬂlemaihmnmes, e.gc,apabl e
of rel easi ng gr mul a | :
and Il can %5W| n VI VW%ESH %'garum le ghrﬂ{ aken

bef ore and aftepamrcatm Q@G%dms in, ucagqnmh

hor nrone. Conpar 0 ,ﬁg@ﬁn egcach of these
sanpl es woul d b% glrect ﬁer .t e to]ljjlllty of t he
patientls pitui BERER: dayreid horm e

AﬁCOI’dI ng!uycalt hg.(l)mﬂom 0NS Mok l&slltmd]lcani ent, at

phar maceu

| east one of %f%ﬁ?d égﬁprﬁP%s@fﬁgﬁﬁﬁ? fpos%?(ﬁ’&éﬁ%] with a
ppa{ hmaceﬁt i cal eﬁecﬁseaf snmellolflihaqnuﬁlan'ydlmnmcs,tb.g., growthchormeonegnddi ent

0 e phar mac

-48 - P ana%ﬁ# a |n a ﬁ%é:@thdﬁﬁﬁﬁgnewﬂ%hpﬁm corrpounds of

Fornmula | and Iteﬁﬁsea adap seientific HSIShGSlSQQflthﬁi& ent
ot bopor ost oy cotiPBERL wa&lﬂt@‘%@a cortlcostermg to m n e

ost eopor osi s or |n co nat | E e the
cat abol i c Si% Srowh ROBNARE: phar maceutical |y acti ve rrat erials

wherein the Tonbi nat I on cfixpoempoahtls ofBoranida TiandIzcam be administered
to animals, including man, to release growth hormone in vivo. For
example, the compounds can be administered to commercially
important animals such as swine, cattle, sheep and the like to
accelerate and increase their rate and extent of growth, to improve
feed efficiency and to increase milk production in such animals. In
addition, these compounds can be administered to humans in vivo as
a diagnostic tool to directly determine whether the pituitary is
capable of releasing growth hormone. For example, the compounds
of Formula I and 11 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 these samples would be a means for directly
determining the ability of the patient's pituitary to release growth
hormone.
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scope pharmaceutical compositions comprising, as an active
ingredient, at least one of the compounds of Formula I and I in
association with a pharmaceutical carrier or diluent. Optionally, the
active ingredient of the pharmaceutical compositions can comprise an



effects. G ovwith pronoting and anabolic agents include, but

are not limted to, TRH, diethylstilbesterol, estrogens,
[err]-agonists, 10 theophylline, anabolic steroids, enkephalins, E series
prost agl andi ns,———-._canpounds di sclosed in U S. Patent No. 3,239, 345, e.g.,
zeranol, and _conpounds disclosed in U S. Patent No. 4,036,979, e.g.,

sul benox or eefiRepbeded in U.S. Patent No. 4, 411 890.
A still further mwh hor mone secr et agogues 15 of this

invention is in h ot her gr h hor none secr S?QTB S
such as the growth hornone releasing pept‘lfgdvfas GHRP- 6, GHI@ as
described in US. Patent Nos. 4,411,890 and publications WD 89/07110, WO

89/07111 and B-HT920 as well as hexarelin and the new y di scovered
GHRP- 2 as des catidbelici agentin additiovtisat leastonewofi theocompounds efisi ng hor none

nl ops - orF el .nc@?nmﬁbﬁ%&%ﬁm A e

agi ni sts such wtﬁtsbm.g..,namu jotio grawih parmittanfo or Ansagendodzeat
sumi triptan Orgms fﬁlb&ﬂbﬁiﬁﬂtﬁ?ﬁﬁﬂpﬁbﬁi‘ﬁé&%fd&%&ﬁhﬁﬁﬁﬁe%h as 25

physosti gngne an I s,.well

t hose skilled S@ﬁ(mﬁh othﬁrmgﬁpﬁﬁy agtive
hor mone are vawhetémmldewixﬂmnaﬁhmeﬂsancesefﬁ and heinheiesiside at i on of t he

conpounds of t | nvention for 30 purposes stinmulating the rel ease of
endogenous gr f‘?F or none can have the sarre effects or uses as growh

hornone itsel f. These Growtbmmmmand apabalio agentmmlmdmlnﬁmammrl zed

as foIIovvs JeSRESL e y humans;
treating rovmnatgﬁor Tmne gaigl c,)hsaf" AqULts §h‘Egeve’rﬁI gn 0 .abolic side
effects ctg hyllizs; anabo Sm@ét ndmp!mﬂmsﬁemmsmg @11 Bati on of

ngl i ng accel era Ound dlnsg rUS I I}/?tﬂg eniii ro?vtﬁﬂwound
retardation, t‘?%?ﬁ)wgdsa&??@sﬁﬁ 6%;§r3§?ﬁlﬁqgeﬁ£3té’§?§wﬁg T ci ency,
treat ment of rpqﬁdehahsﬂakeémlhm?ateﬁtmw@ul A8080udi ng grovvth hor none
deficient children, tre Bﬂ £ “ §u(§ oﬁgtgwomﬁfoqﬂoq{ee&c%{aﬁo%ﬂégn| C

il ness, tygatnment. of o
of this invention is in combination with other growth hormone

secretagogues such as the growth hormone releasing peptides GHRP-
6, GHRP-1 as described in U.S. Patent Nos. 4,411,890 and
publications WO 89/07110, WO 89/07111 and B-HT920 as well as
hexarelin and the newly discovered GHRP-2 as described in WO
93/04081 or growth hormone releasing hormone (GHRH, also
designated GRF) and its analogs or growth hormone and its analogs
or somatomedins including IGF-1 and IGF-2 or o- adrenergic
aginists such as clonidine or serotonin SHTID agonists such as
sumitriptan or agents which inhibit somatostatin or its release such as
physostigmine and pyridostigmine,
As is well known to those skilled in the art, the known

- and potential uses of growth hormone are varied and multitadinous.
Thus, the 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 growth hormone may be summarized as follows:
stimulating growth hormone release in elderly humans; treating
growth hormone deficient adults; prevention of catabolic side effects
of glucocorticoids, treatment of osteoporosis, stimulation of the
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grow h retardation associated with obesity, treating growth retardation
associated with Prader-WIIli syndrone and Turner's syndr one;
accelerating the recovery and reduci ng hospitalization of 10 burn
patients or follow ng major surgery such as gastrointestinal surgery;
treatnment of intrauterine gromh retardation, skeletal dyspl asi a,
hypercorti soni sm and Cushi ngs syndrone; replacenent of growt h hor none
in stressed patients; treatnent of ost eochondr odyspl asi as, Noonans
syndrone, sleep disorders, Alzheiner'% di sease, del ayed moxgg?gﬁfglng,
and psychosoci al deprivation; treatne ?'of pul nonary dysfu

ventil at or dependency; attenuation of. protein catabolic response after
a maj or operation; treating mal absorption syndrones, reducing cachexi a

and . protei inhfifife moaﬁéﬁlmn'dﬂmﬁﬁdm §a§@1 bdndS, 20

(total par on 2?@3&%&%5 S RRaBnbE LR S15%Af %59?&9 £6hg A, g

nesi di obl ast oschromd;rmd:ﬁalhxwmrtmmfﬁmn ltt'&atlmntloﬁ physialogioad to

Gevel oprent Lﬁww’ﬁﬁéﬂf*';%ﬁ%w @i’%%@*@u

o, 25
adj uncti ve t heshgry stafurerassosiated ovi eﬂlmsatm;maat of pbesity andof

i/chrgimr)lZ?Pg:resis rvgﬁemant tﬁ'ﬁdﬁse m mai, nIglnL(r)l\émengf
skin thi cknéssf% i)té'a&?g illi s FVBET'S, the frail
el derly; stinuipidro fadeelemlﬁx the redovery andredn&mgehbsmmhmﬂmcaftllage

growt h; treatngnt of neoI o d| seases h erd and drug
induced neygop %ﬁﬁtlsl éN‘PSmaJOf Sﬁ'fyoﬂb&ﬁ‘ﬁﬁ gtlr Bﬁ?@'ﬁgt eral
sclerosis, ml sm@eq’,strbmnmtsof intrautexine lgrowsh qetardation, skeletaland
denyelinatin S ani on
anlnynal s and ?rggﬁﬁ&g? hyﬁ I sor er‘sé)fﬁ:&Id Cushzrfg@es})n%ﬁ‘é Wh%bﬁt BPWD

-50- geyvtighommene: i strossed-patients; Geatmentolonot ant in | vejst ock;
and st ' StebSHoiro Vd?@é}laﬁa@%ohm ome, sleep disorders, It will be

bei ng LZeB“"S éi{laqm' e dlstabpedeloyl Houndhbealine, andepsyohosasieb o "
i ndi cat i on3 endepniwtﬁﬁh atpeatmentfpuliorans dysfistetion 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;
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;
adjunctive therapy for patients on chronic hemodialysis; freatment of
immunosuppressed patients and to enhance antibody response
following vaccination; 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; treatment of neurological diseases
such as peripheral and drug induced neuropathy, Guillian-Barre
Syndrome, amyotrophic lateral sclerosis, multiple sclerosis,
cerebrovascular accidents and demyelinating diseases; stimulation of
the immune system in companion animals and treatment of disorders
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t herapeutic agents sone of which have al so been nentioned above with

the growh hornone secretagogues of this invention wll bring

addi tional, conplenentary, and often synergistic properties to enhance

t he growm h pronotant, anabolic and desirable properties of these

various therapeutic agents. In these conbinations, the therapeutic agents
and the growth hornone secretagogues of this invention may be

i ndependent|ly present in dose ranges from one one-hundredth to one

times the dose | evels which are effectlvesﬂhen t hese conpounds ? Y
secretagogues are used singly. Conmbi ned therapy t0o 1 nhibit
bone resorption, prevent ost eoporosi s and enhance the healing of bone

fractures can be illustrated by conbi nations of bisphosphonates and the
growt h hor none of agingin eonqmguman};nﬂs; growtlepromotant e livestark; and

bi sphosphonat e aos been reviewed, for exanple, by
Hamdy, N A T., §R&ﬁﬂaﬁ€ﬁ?ﬁ'\3&§ glltdhosp onat S i.n_Metabolic Bone Diseases.

Trends in Endocri nol . tmllebg&movmg@ thase skylled inghe arbtha therecarewi t h
these utiliti eﬁmﬂ&bﬁ@'@om ounﬂ's%%ﬁi uséd i/ @Ffreto frelb eV discatisD

ri sedronat8, etidronate cIo ate am. dr.onat e, ,and
BM 210995. AccSF PBfl‘P 3@9*13159}‘@?&‘@ &8@&%’&3& ofkthese of the
bi sphosphonat e tirapedtieagesits some oﬁwlncldhﬁvealmbemmmomdabbvwmhof the

o or e, gL AhARGHY SecRtaddinis &b EL kAo G B, O OO 1

effective treaadditionad, complmnaupm,omdsoften synergistic propertiesdo emgnoeds of
this inventi ON gl r&ﬁﬂ{;\ﬂ bﬁn‘f d@&fi‘ %‘féfb &fesg
i ntranmuscufar, | rlgr aper f&tﬁ é‘&frav nous hble% upbcu ai;leous i nj ection,

or inplant), n¥8EHPus {herapew c agents) In ﬁgmhmamns, e theygpeufic agentss of .
adni ni strati onaﬁﬂdh@g@oﬁﬂl haizﬁuhetseeretﬁgcsgﬁe%wfﬁm flvention MRt i ate for

each route of a

T51- dEpendentlioptosen du pseanges from opg ongshiadmdihee gRe: ncl ude
capsul es, tabl tinxs theldose lpvsis avhichrate effective svhémtirese kongrouhdican e

Lﬁ;rsmcénflg;f F%{;ﬁg@%ﬁ%% @gﬁf S u\(I:Mht gsagulcz(raggte Olngc![ (r;gret or starch.
Such dosage forms can al €omhined thmpystm inhihit beneeserption, prevént onal
substances ot NgkelhBAtheid'ahdl ethbHES itfe héalthg of BBhk FRicRResAGRIDS ithitFated
by combinations of bisphosphonates and the growth hormone
secretagogues of this invention. The use of bisphosphonates for these
utilities has been reviewed, for example, by Hamdy, N.A.T., Role of
Bisphosphonates in Metabolic Bone Diseases. Trends in Endocrinol.
Metab., 1993, 4, 19-25. Bisphosphonates with these utilities include
alendronate, tiludronate, dimethyl - APD, risedronate, etidronate, YM-
175, clodronate, pamidronate, and BM-210995. According to their
potency, oral daily dosage levels of the bisphosphonate of between 0.1
mg and 5 g and daily dosage levels of the growth hormone
secretagogues of this invention of between 0.0 mg/kg to 20 mg/kg of
body weight are administered to patients to obtain effective treatment of
osteoporosis.

The compounds of this invention can be administered by
oral, parenteral (e.g., intrammscular, intraperitoneal, intravenous or
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.
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magnesi um stearate. In the case of capsules, tablets and pills, the dosage
fornms may. al so conprise buffering agents. Tabl ets and p| l1s can 10

additionally be prepared with enteric coatings. Li quid
dosage fornms for oral admnistration include pharmaceutical ly
accept abl e enul si ons, sol utions, suspensions, syrups, the elixirs
containing inert diluents commonly used in the art, such as water.
Besi des such inert diluents, conpositions can al so i ncl ude adjuvants
such as wetting agents, enuIS|fy|ng and sugpendi ng agentsé Y
sweet eni ng, flavoring, and perfum ng agents. reparations
according to this invention for parenteral adm ni stration include-
steril e aqueous or non-aqueous sol utions suspensi ons, or_enul sions.
Exanpl es of non-aqueous %@lhdedm&gorforms foremakadministrationpnclude gl ycol

| yet hyl | |
Gel atin, and i rE @%éle s ﬁlsoEb%e@a“a%mzoﬁ*ﬁﬁ’f?bhﬁe“&sggégugh
dosage forns 9@55 CcHHIR ¢ompP ?@B@Mﬁg, wet ting,
enul sifying, a a@!n%@éﬁﬁtzil%rﬁ ble carrief Rvh %ESsuBﬁ)s‘ét %dtbséQﬂ' stircH. Or

exanple, figtr lg:&l. throu(}% nqaguﬂﬁgactena ret.al ni n a&q%
i ncor por ati ng SU{IHEI iati ng
t he conposi ti orsabstancey othertthag inére diluents; plnhn saohc'abso be

manuf act ured i o] h

di ssolved in s@#&?@g‘%{%ﬁ’%@ case Ofs‘?‘lbéﬂlegt @‘i@% l\lg/ngfeed%

i medi at el y befforms usay abo compnse bufferingagentsi Tablets pillstcan or vagl naI
adm ni stration y |ch may contain,

addition tqgt heaﬂgﬁgl vey ‘i‘frgg ance &%F’g such as coc butter or a
Ssupposi tory wax. Liquid osage@ﬁgxs %ﬁlg%ﬂ'ﬁﬂpndﬂc i ngual

adm ni stration pﬁh?maceuu@ilﬁpamlééxﬁm&ibn%t SolafbAs e.?iﬁ;péilﬁﬂﬁ vel | known

in the art.

The dosage of a?a’{‘ﬂ%QI%SF%HP&?PWWQ&@%%@HWY“seflﬂpéh?nvent|on
may be varied; at)sachas waterSBurdesmhmbﬁtdﬂﬂmts, compusitiongcahdsact i ve

LE?éif'eﬁnégbegiff@@sé%@u\%@ B PR v @ sxulsifyitd b4 Bifpendife, ..
route of adm niagents; and sweetening; flavoring; and perfurhing agentseat nent .
Generally, dosage | evel spainHuRis acLoftiifig tb thisthvention for parenteral
administration include sterile aqueons 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 comn oil, gelatin, and injectable organic esters
such as ethyl oleate. Such dosage forms may also contain adjuvants
such as 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 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.

Compositions for nasal or sublingual administration are
also prepared with standard excipients well known in the art.
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ng/ kg. of body weight daily are adm nistered to patients and ani mal s,

e.g., mammals, to obtain effective release of growh hor none. 10

The foll owi ng exanpl es are provided for the. purpose of further

iI'lustration only and are not intended to be limtations on the

di scl osed i nventi on. EXAMPLE 1 15

N[l (R-[(2, 3" -dihydro-2-oxospi ro[p| peri d| ne-4,4' (1H) - qui nolinj -

1' yl') car bonyl ] 2- (i-ndol - 3-yl ) et hyl ] - 2- am no- 2- net hyl propanani de

hydrochloride 20 Step A

1'-(t-butyl oxycarbonyl) 3, 4-di hydr o- 3- oxoéazr‘b[ 1H i ndene- 188991BY

1.4' - pi peri di ne] - To a solution of 661 ng (2.31 nml) of
-(t-butyl oxy- carbonyl ) spiro[ 1H i ndene-'1, 4' - pi peri di ne] [prepared by

the met hod of 25 maﬁbeﬂhe&}sagbofhcanngﬁlﬁmtmm&: s1ﬁ6ﬁ§dfn 5.0 ni
of THF was ad.ded ﬁ ?}@ % :Ing of 9- he reaction
m xture SHQXFE Oatm%f) Vra]r@du Wevﬁf’cl #ﬁngséry ed that the

st ar1ai ng rmwtadflﬂmaaotmngmmeﬂhbe sochithatra mhiedmage foxm 1*|ang t he
resi due 0 ed to
Of[err] C ang 30 ’q&dﬁé% %@@%‘?‘éﬁ%ﬁg’éw& m nut es.
The r eact ieffeck 6 I'QHQ QHCP tﬂ?@n to reflux

for 30 mnutest{e'ghﬁ | tdf(béwrb iltered
t hrough a pad o bt O g}dsageéﬁ‘c’iél | pr,1 S| En%ﬁﬁ(?ll g@agllggn by flash

m ur
-chr onot gr aphy @8 éﬁ YWE tgredto,
(47% of the tlahhﬁam%llmhmmals toobtameffectlve release of growth
- 53 - %l (200 MHZ, CDOl[err]): 7.75-7.60(m 2 H),
7.50-7. 44 (g € 4.30-4.15 (m 2 H, 2.85 (dt, 2 H), 2.63 (s, 2H)
108 (dr, 3% 153 The following exarfiples a1o ptevidedHor the purpose of St ep B

Spirol 1Hi nden‘iﬁx]th‘eli' et dH Bhlyirtd hrO A6t iitbhdéPtd be limitations on the

disclosed invention.

(F-

EXAMPLE 1

15

N-[1(R)-[(2',3'-dihydro-2-ox0,spiro[piperidine-4,4'(1H)-quinolin]-
I'yDcarbonyl]-2-(indol-3 -yl)ethyl]-2-ammo—2-methylpropanam1de
hydrochloride

20 Step A: 1'-(t-butyloxycarbonyl)3,4-dihydro-3-oxospiro[ 1H-indene-

1.4'-piperidine]

To a solution of 661 mg (2.31 mmol) of 1'-(t-butyloxy-
carbonyl)spiro[1H-indene-1,4'-piperidine] [prepared by the method of
Chambers, et al, J. Med. Chem., 1992, 35, 2036] in 5.0 ml of THF was
added 5.8 ml (1.0 M THF, 2.9 mmol) of 9-BBN. The reaction mixture
was heated at 70°C until TL.C analysis indicated that the starting
material was consumed. The solution was concentrated and the residue
was dissolved in dichloromethane. The solution was cooled to 0°C and
4.1 g (19.2 mmol) of PCC was added slowly over 15 minutes. The
reaction mixture was warmed to room temperature and then to reflux
for 30 minutes. The solution was then dituted with ether and filtered
through a pad of a mixture of celite and florisil. Purification by flash
chromotgraphy (silica gel, hexane/ethyl acetate, 4: 1) gave 326 mg
(47%) of the title compound, —- -
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acet am de A solution of the internediate fromStep Ain a
1:1.0.5 +~ mxture of trifluoroacetic acid, dichloronethane and anisol e
was stirred 10 for 1 hour and then concentrated and azeotroped fromtol uene
to give the title corrpound [err]H NVR (200 MHz, CDCl[err]):
7.81-7.70 (his ShettHas BeedReplaced> (M 2 : 7.22-7.15 (m 1 H), 3.72-3.58

(m2 H, 3. 270(52 H, 2.47 (dt, 2 H, '1.85-1.75
a2 i

Hmpc Trifl uoroacet am de- 2, 3- di.hydr ospi ro[ i ndene-
1 .4 piperi To a solution oflOg(3 21% t he
I nternmedi ate obtained in Step B in 353 ™ of dichloromnet h& added
0.945 m 20 (6.74 mol) of triethylam ne and 50 ng of DVAP and finally
0.501 m (3 53 mol ) of trlfl.uroacetlc aci d anhydride. The reaction

mi xture was D1y 7561729 (i, 1),
di chl th h t
e e o £ R A T A Ao oL AT

h t h / et hyl tate 2:1 568 1.91
oy PR R T LA 9%%“?@& 7907164 (2 Fy . 7.59- 741
B S S e ape s sedition %
dt, 1 : s A'-pipdridid]- . i :

(St ep D K Trifl ouroacet agbg&lﬁld gi hydrgl-pZdPoxo]spi ro[ pi peri di ne-

4.4' (1H) - qui nol i ne] ————————'Fo—a—soi-uﬁ-m-ﬁ-—ﬁ:&ﬂfg—(-ﬂr-&eﬂﬂml)
of sodium azide in A saiption offthedntermediate. fsom Step Arinca dt bbb at

Oferr] C was ad oroaceﬁé aéﬂ#{f dithforsfilethant #nd GRSl wal S‘tix'rx]‘é was
stirred for 2. s an gers wer e izmparaied and

chl or of or mylgay ncentratedaﬂ azeotroped from to %ﬂ%‘@ul fate.
The hydra2| c am@lnﬂglddmpams t hen added to a solution of 400 ny (1 34

ddet 0. 400 m "5 MOV (00, RBIZ, CHCI) ST T TR0k APHD, 7,620 25,2 1O, T2

was stirred fof. 2875 @ed H)o372e3.580im25H)] Bu29e3.0dt (m, 2 H), 2.70 (s, 2
H), 2.47 (dt, 2 H), 1.85-1.75 (m, 2 H).

" StpC:  Trifluoroacetamide-2,3-dihydrospirofindene-

1.4'piperidine]

To a solution of 1.0 g (3.21 mmol) of the intermediate
obtained in Step B in 3.0 ml of dichloromethane was added 0.945 ml
(6.74 mmol) of triethylamine and 50 mg of DMAP and finally 0.501 ml
(3.53 mmol) of trifluroacetic acid anhydride. The reaction mixture was
stirred for 3 hours and then diluted with 20 ml of dichloromethane.
The solution was washed with water, dried over magnesium sulfate, and
concentrated. Purification by flash chromatography (silica gel,
hexane/ethyl acetate 2:1) gave 568 mg (1.91 mmol).
IH NMR (200 MHz, CDCI3): 7.79-7.64 (m, 2 H), 7.52-7.41 (m, 2 H),
4.75-4.65 (m,1 H), 4.22 -4.08 (m, 1 H), 3.37 (dt, 1 H), 2.92 (dt, 1 H),
2.70 (s, 2 H), 2.08 (dt, 2 H), 1.71-1.62 (m, 2 H) .

20
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3q StepD: Triflouroacetamide-3' 4'-d1hydro-2—oxosp1ro[plpendme-
4.4'(1H)-quinoline]
To a solution of 218 mg (3.36 mmol) of sodium azide in
0.285 ml of water and 1.5 ml of chloroform at 0°C was added 0.105 ml

of sulfuric acid. The reaction mixture was stirred for 2.5 hours and
then the layers were separated and the chloroform layer was dried over




45[err]C and finally for 16 hours at-r-eem—t@nperature The sul furic acid

| ayer was.,added to ice and then madgustg th 50% sodi um hydr oxi de.

The aqueous | ayer was extracted w-th lagsed The et hyl acetate
extracts were dried over sodium sulf trated. Purification

of a 100 ngy portion of the crude pr chr omat ogr aphy

(silica gel, dichloronethane/ethyl acet ate 1:1 followed by 1:2) gave 50
ng (0. 160 rrm)l) of a high RF material and 16 ng (0.051 mml) of a | ow
RF material . [err]H NVMR (200 MHz, CDClderr], high RF): 89]%%69(@? I
Hy, 7.40-7.21 (m 2 H, 7.18-7.04 (m*I*H, 6.90-6.86 (m I

4.524.36 (m 1 H), 3.97- 15 3.83 (m-1 H), 3.52 (dt, 1 H, 3.22 (dt, 1 H),
2.79 (s, 2 H, 2.12-1.66 (m 4 H. [err]HNWVR (200 MHz, CDCl [err], |ow
RF): 8.12( dd, sbdilim shiffle. The Mmdswunﬂn%slhéﬁaﬂdbdlold)scﬂuﬁﬁn(bs

1 4.56- 443 2 3. .35
(m'1h. a1l 4’?&@% (1.34 i ihiigfe Uiaingd £r8hSldp A" 16"
3' . 4' -di hydro- zhmstﬂpnon[wa.padded ﬂe40l) of isplfyrionacidrosier 5 minutes. The A

?T’glt Eté.lngrl \?V% grg rgg&éWI @exlcjgss fé?{‘ta:kfgfum%i'gf OX%tﬁfd &{en fOT{- Irr egi OV(E,‘I’B a

ni ght. The sol #3°%nand Jinal mwrmdmﬁmamyﬂh acid ver e
added to the ”1§¥ asmaeawééanartﬁeﬁ %ﬁﬁzst)% somlmga?gr@mheyer

was extracted h et et ate. The. c ne
dried over sodi ﬁﬁ“@é E'a%ht f@gg@ n’éheetg{ mol )
of the tide Conmmcds we’:‘é drﬁdeové? sodium sulfate and concentrated. Punﬁcation

qui ol i - g f?ﬂ@ﬁ&?é L%t? m‘ﬂ@ﬁyéfzﬁ{{%ﬁ?ﬁ chromatography

di Ima*t hyl et Pyl o>( I oHowed by 1:2) gave 50 To a
29 C,
Zg lrjngl ?8 267 ";ID (0 653&1175512 r)fl\fhélgFF W%ﬂf £6 mg (OB PuAH6Y) & 2t eP

- 55- Fo[plperldlne44(1'H) quinolin]-1
-yl)car b0n|y|] f qé INE!QI Chel), i lRIZ)*I&QJ&é‘F Kbs, PR R 7H40-7e21d( zﬁ4| Ny f
(0174 mm )5 % ), 718744 i*ﬁ?ré’% BT HI9% 356 % 13 ©

3.83 (m, 1 H), 3. 52 (dt, 1 H), 3.22 (dt, 1 H), 2.79 (s, 2 H), 2.12-1.66

(m, 4 H). THNMR (200 MHz, CDCI3, low RF): 8.12( dd, 1 H), 7.60-

7.52 (m, 1 H), 7.45-7.35 (m, 2 H),6.95 (bs, 1 H), 4.56-443 (m,1 H),

4.03-3.96 (m,1 H),3.64-3.62 (m,2 H), 3.49-3.35 (m, 1 H), 3.11 (dt,1 H),

2.20-1.80 (m, 4 H).
20 . .
Step E: 3 4'-di -2-oxospiro[piperidine-4.4'(1H)-quinoline

A solution of 49 mg (0.157 mmol) of the high RF material

from Step B in methanol/water 4:1 with excess potasium hydroxide was
stirred over night. The solution was concentrated and water and ethyl
acetate were added to the residue. The layers were separated and the
aqueous layer was extracted with ethyl acetate. The combined organic
layers were dried over sodium sulfate and concentrated.to glve 31 mg
(0.143 mimol) of the title compound. '
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Step F: N-[1(R)-[(2',3"-dihydro-2-oxo,spiro[piperidine-4,4'(1H)-
qmnohn] 1yl)carbonyl]—%(mdol—S-yl)eﬂlyl]-z-[[1 1—

To a solution of 29 mg (0.134 mmol) of the intermediate
obtained in Step C, 65 mg (0.167 mmol) of 2-amino-N-{1(R)-[2',3"-



The reaction was stirred overnight and then worked up and purified as
described for Exanple 1 (Step A) with one exception, dichoronethane/

acetone was used for the chromatography. 34.8 ng (0.059 nmol) of the

title-conpound wWas obtained.— 10 Step G

N-[1(R) - [(2hm§resil lﬁéﬁ o%o spi ro[ pi peridine-4,4' (1H)-

qui nol i n] - 1 (indol -3-yl)ethyl]- 2amn02

met hyl propa ori de The title conmpound (7.2
ng, 0.013 ned fromt h% i nt ermedi ate from Stl%?9?§?‘24 ,
0. 023 mmol) accord| ng to 15 the procedure éSCI’I bed for Exanpl é (@)
with one exception. The hydrochl ori de salt was generated fromthe
purified free am ne by the addition of 4 NHO in dioxane in thls
ggse./ [ er wdiily dine-}W(l'H)lqwmoﬂmﬂel )cadb £- 8.34
, 213 8
(d, 1/3 H), 23)(1}5185@%3? yyfe@ﬁg@qcztgg&pﬁﬂaq%fc}ﬁang 1]7%3“59‘?9 °f3
(d, 1/3 H), ethane ves qdided3 Zi;mg(O.El‘?ﬂsnmqDO(frﬁ

422:419 (m oﬂ)was“s d the %n
e D T

2 H, 1.40- 1. 33céteinelwid uséd $ar the clu@natbﬁbﬁphgl 3&(@5 hﬁlgm(%l%géﬁl%n#l gzﬁthm 7

, 0.90 (dt, dt .2/ 3
EXAIVPLE 2( %/q%-‘f@@p?@&ﬁ d’l%ta“}ﬂdl'nydro -oxospiro[ pi peridine-4,4" (1
H) -i soquinolin]- 30
1'yl b I d I ke ' - | e
nydr ochi or e SERCIGT e FRHLEE (12 - lies SxDRpROBISEAEHE-A2 (11)-
_oxospi ro[ pi peri di ne- 4. aqunelin}sBy)radionyd}-2-(indol-3-yl)ethyl]-2-anrime-2+ t | e

conpound (11.3 ng, 0. O036aRe LY chlofig@m t he | ow RF
intermediate from Exanplg, T [ St € ny, X
-56 - 0.051 mmol ) i‘:‘@ g e,(7|t?ru 5 QP13 samol) wag ottaineda i e 13

from the intermediate from Step D (14 mg, 0.023 mmol) according to
the procedure described for Example 1 (Step C) with one exception.
The hydrochloride salt was generated from the purified free amine by
the addition of 4 N HCI in dioxane in this case.

1H NMR (400 MHz, CD3OD, 2:1 mixture of rotomers): 8.34 (d 2/3
H), 8.27 (d, 1/3 H), 7.59 (d, 2/3 H), 7.55 (d, 1/3 H), 7.38 (d, 1/3 H),
7.33 (d, 2/3 H), 7.25 (d, 1/3 H), 7.18-6.98 (m, 4 H), 6.85 (d, 1/3 H),
6.80 (d, 2/3 H), 6.68 (d, 2/3 H), 5.23-5.17 (m, 1 H), 4.22-4.19 (m, 2/3
H), 4.09-3.95 (m, 1/3 H), 3.62-3.59 (m, 1/3 H), 3.36-3.17 (m, 2 2/3 H),
3.08 (dt, 1/3 H), 2.75 (dt, 1/3 H), 2.69 (dt, 2/3 H), 2.48 (dd, 2 H), 1.93-
1.75 (m, 2/3 H), 1.60 (s, 3 H), 1.58 (s, 2 H), 1.40-1.32 (m, 1 H), 1.51
(s, 1 H), 1.10 (m, 1/3 H), 1.02 (m, 2/3 H), 0.90 (dt, 2/3 H), 0.22 (dt, 2/3
H). FAB-MS: m/e 490 (m+1).
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EXAMPLE 2

N-[1(R)-{(2',3"-dihydro-1-oxospiro[piperidine-4,4'(1H)-isoquinolin]-
30 1'yI)carbonyl}-2-(indol-3-yl)ethyl]-2-amino-2-methylpropanamide
hydrochloride

Step A:

The title compound (11.3 mg, 0.036 mmol) was prepared
from the low RF intermediate from Example 1 (Step D) (16.0 mg,



(Step D). [err] HNVR (200 MHz, CDCl[err]): 8.12 (dd, 1 H), 7.60-7.52 (m
1 H, 7.45- 5 7.35 (m 2 H), 6.95 (bs, 1 H, 4.56-4.43 (m 1 H), _
4.03-3.96 (m 1 H, 3.64-3.62 (m 2 H, 3.49-3.35 (m 1 H, 3.11 (dt, 1
H, 2..20-1.80 (m 4 H) . Step B:

N[1I(R-[(2',3" -di hydro-1-oxo, spiro[piperidine-4,4"(1H)-

I soqui nolin]-1"yl)carbonyl]-2-(indol-3-yl)ethyl]-2-

[[ 1, 1di net hyl et hyl oxycar bonyl ] am no] - 2- net hyl - pr opanani de
The title conmpound (13.6 ng, O. 023 nmol ) prepared from
Internmediate fromStep A (10.0 ng, O. 032f\5§nd 2-am no-N- 15 118%9913'1’
[1(R)-[2', 3 -di hydro-2-oxospiro[ pi peridine-4,4" (1 H-quinolin]-I-

yl ) carbonyl ] -2-(1H i ndol - 3-yl ) et hyl - 2- et hyl pr opanam de (21.6 ng, 0. 055
mmol ) accor di n@@i)lmmob)mﬂﬂ tethe proctdice desenilpd faSExamplétlp D). 20
Step C N-( (2 3' -di hydo- 1oxosplro[plperldlne44(1H)

I soqui nol i nj - 1

met hyl pr opanam bon%&iéb?ﬂg)l 831 (dd l } ﬂzﬂgﬁbﬁ% ., drHo7 ﬂ'srrg _
g?hglﬂa?;)l;s% e0{7 %Z-gﬂ‘ rrs@ 3@14)%‘?]4&;3 nfl IC;a W_’i%@%ﬁ( MyHa in
o 14,518 tﬂ .4

azeotroped fro
conpound. rr]H NVR (400 MHz, CD{err]OD, 2:1 mxture of rotoners):
7.94 (d, 1/3 Hy, 7.87 (d, 2/3H) 762753(m2H) 740733(m2
1/3 H), 7.18- 7.10 (m 3 , 6.75 (d, 2/3 H), 522518(m 2/ 3

5.15 (t, 1/3 H_§Lq§3_4 27N4[1:(:R)et(12 3/—ﬂﬂtj)dro41-b§o§s [piperidiner4 4' H)a»s’ 61

(m701(52’ ib§5 3 65 2}3?43%%@4&22@@“5%3%@}‘3@25 (1213 13

H, 1.62 + 1.61 + 1.59 +[ 1 e yleﬂwlosyembonxllﬁmmo]azsme Itm 1
1.38-1.35 (m 1/3 H), 1. q& 1/3 H), 0.929 (dt, 2/3 H),

f df37 2 f3H). FABM: o “The ude cogpound (13 G0644.623 mmol) was prepared
from the intermediate from Step A (10.0 mg, 0.032) and 2-amino-N-
[1(R)-{2',3'-dihydro-2-oxospiro[piperidine-4,4'(1'H)-quinolin}-1-
ylcarbonyl]-2-(1H-indol-3-yl)ethyl-2-methylpropanamide (21.6 mg,
0.055 mmol) according to the procedure described for Example 13
(Step D).

15

20 Step C: N-[1(R)-{(2',3'-dihydro-1-oxospiro| piperidine-4.4'(1H)-
isoquinolin}-1'‘yl)carbonyl]-2-(indol-3-yl)ethyl]-2-amino-2-
methylpro ide rochloride
A solution of 10.1 mg (0.017 mmol) of the intermediate

obtained from Step B in 1.5 N HCl in ethyl acetate was stirred over

night and then concentrated and azeotroped from methanol to yield 8.3

mg (0.015 mmol) of the title compound.

1H NMR (400 MHz, CD30D, 2:1 mixture of rotomers): 7.94 (d, 1/3

H), 7.87 (d, 2/3 H), 7.62-7.53 (m, 2 H), 7.40-7.33 (m, 2 1/3 H), 7.18-

7.10 (m, 3 H), 6.75 {4, 2/3 H), 5.22-5.18 (m, 2/3 H), 5.15 (t, 1/3 H),

4.27-4.23 (m, 2/3 H), 4.14-4.10 (m, 1/3 H), 3.68-3.61 (m, 1 H), 3.25-

3.18 (m, 4 H), 3.10 (dt, 2/3 H), 2.87 (dt, 1/3 H), 2.70 (d¢t, 1/3 H), 2.65

(dt, 2/3 H), 1.88 (dt, 1/3 H), 1.75 (dt, 1/3H), 1.62 + 1.61 + 1.59 + 1.51

(s, 6 H total), 1.57-1.44 (m, 1 H), 1.38-1.35 (m, 1/3 H), 1.15-1.10 (m,

1/3 H), 0.929 (dt, 2/3 H),0.19 (dt, 2/3 H). FAB-MS: m/e 490 (m+1).
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N[1(R-[(4H 1 -ox ospiro [3H 2-benzopyran-3 ,4' -piperidin)- 1'-

yl ) car bonyl ]-2-(indol -3-yl)-ethyll-2-am no-2-nmet hyl propanam de

hydr ochl ori de. Step A Spi ro[ 3H - 2-benzopyran-3. 4" -pi peridin]-1(4H
-one - To a suspension of 10% pal | adi um on carbon (5 ng) in
et hanol (5 nmL) was added of 1'-benzyl spiro[3H 2-benzopyran-3,4'-

pi peridine]-1(4H) -one (20 ng, 0.058 mmol ). (Hashigaki et al Chem

Pharm Bull. 32 pg 3561-3568 (1984)). Hydrogenation was perforned at
1 atnosphere pressure at roon1tenperature57The reacti on was 18892&B§fed
for 2 hours under hydrogen atnosphere, unti’l TLC anal ysis I'cat ed
that the reaction was conplete. The catal yst was renoved by 15

vacuum filtration through celite 545 and the filtrate was concentrated to
give the desired product (12.4 ng, 98EXAMPILE 3 FAB-Ms calc. for

Cerrl]Herr]NgJerr] 217; found 218 (MH, 100% . 20 St ep B:
N[L(R-[(4H 1- oxos i rof 3H 2-benzopyr an- 3, 4- pi perjdin] - .
1 -yl)carbonyl N4 4-opoyplentaH - berapyTaad, Aepippridinl-1'-

et hi yl oxy) car b,
of the inteyned @
[err] (R -[[2- [ BySrechionde; =
di met hyl - 1- oxoet hyl]am no] 1H-| ndoI e- 3- propan0| c aci d (27 nmg, 0.058 25
mol ) in dichl t hane qwas dt d-t-he R

0. 015 mol ), | - no YL ’ (22
ng, 0.12 nmol) were addeTo A kaspens iori ofy ﬁ%( aﬂuhumontoamben(ﬁmg)m room

tenperature fo b '

TLC anal ySigg. "rﬁéa@@ﬁt . o i) ¥ 5@ = 3f RO He é%aéiléﬁu” 30

chloride and dpipariding 8038 myuo}l at(Ha Chem.

Wasthenfllte r r¢i 3 I

chr omat ogr aphy oVl ?%1”%29% ?5@.(3:5880(3984 Bt15 dr} ohPus performed
cal o for et AF i AMGIRbER: pepSSRRg SERRM ﬁsucwzgé fORSHON WS

MrH- 100, 42% ktisredofort2 hBacs gndemhydrogen atmosphsre, until TLC analysis

" indicated that the reaction was complete. The catalyst was removed by
vacuum filtration through celite 545 and the filtrate was concentrated to |
give the desired product (124 mg, 98.5%).
FAB-MS calc. for C13H15NO2 217; found 218 (M+H, 100%).

YIS 5 g mylrpgagnid 2111

15

Step B: N-{1(R)-{(4H-1-oxospiro[ 3H-2-benzopyran-3,4"-piperidin]-
1'-yI)carbonyl}-2-(indol-3-yl)-ethyi}-2-[[(1,1-dimethyl-
ethyloxy)carbonyl]lamino]-2-methylpropanamide
A solution of the intermediate from Step A (12 mg, 0.055

mmol) and o(R)-{[2-[I(1,1-dimethylethoxy)carbonyl}amino]-2,2-

dimethyl-1-oxoethyl]Jamino]-1H-indole-3-propanoic acid (27 mg, 0.058

mmol) in dichloromethane was cooled to 0°C and then HOBT (2 mg,

0.015 mmol), N-methyl-morpholine (8.8 mg; 0.084 mmol) and EDC

(22 mg, 0.12 mmol) were added. The reaction mixture was stitred at

room temperature for 1 hour, until the reaction was judged complete by

TLC analysis. The solution was then washed with saturated sodium

chloride and dried over anhydrous magnesium suifate. The solution

was then filtered and concentrated. Purification by silica gel

chromatography provided the title compound (15 mg, 47%).

FAB-MS calc. for C33H40N40g 588; Found 589 (M+H, 39%) [489

M+H-100, 42%) loss of ¢- Boc group]. -

This Sheet Has Been R
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Step C N-[1(R) -[ (4H 1- oxospi ro[ 3H 2- benzopyran-3, 4' -pi peridin]-

1 '-yl)carbonyl]-2-(indol-3-yl)-ethyl]-2-am no-2-methyl -

pr opanani de hyeh*—eehl-arl de A solution of the internedi ate
fromStep B (erhl‘.T%h in methanol (3 nm) was cooled to OC.
While stirring, eet a‘ied hydrochl oric acid (3 nL) was then added
slowy to the “mm he reaction was stirred for 30 m nutes, until
TLC anal ysi s hat the reaction was conplete. The sol ution

was then . concentrated several tines gromtol uene. The hyflg %ﬁlﬁﬁ
salt was 10 used without purification ? 0.15 ng, 96%. ?

(400 MHz, CD[err]OD): The product exists as a mxture of two
conformers (2:1): [err] 7.977, 7.905 (2d, 2/3 H), 7.604-6.994 (m 8 H) ,

z(s. 13411;2. 8593 g rrg3 %é gS;I)N- [RI(48- D-3xospitoBH:2-banrbpyrini3 4'-piperidin}5 (
1ml—|), 3.030 (s, 2/3 H), #3%1)@8?9@@?‘!@2@ yﬁ%@@%%n@g?gﬁﬁﬂrb "
2.301 (t, 1/3 H), 1.590,propananyide : -1 483 (m 2/3 H).. 1.275

(s, 6 H, 1.259-1.206 (%s%flﬁn& gﬁﬂﬁte E 712

4g827f7 ougdggégx(mmﬁllg@%haml 3 mL) was co%fdd%; Wi d?er : ]]ﬁ%uﬁngeey ]
BP[%(R) [(4', 5¢ ﬁbéiﬁﬁwd dl % 4h§nﬂrﬁéht§lmmiatﬁe 25 .
hl,;rlogﬁ?/g?,r%elnﬁxgucar gﬁg%kac%og Nas di)orgalnlmuteasfn ”aihc anai)roganam ©
N-[1R)-[ (4", 5" indlitated chat ﬂﬁmacmmms @f‘lm The' solution was then

5?§“e§§:fng[§[? i m HRCADRD }ag%nf?g*}d@dx%chloﬁgsaltwas
@MD

pr opanami de’ used Wlthout a5 mg; 9€%)r ocedure described in

Example 3, Ste D roduc; ms as a mixture of two
so ol i per v N o e
[[2 [[(1 1-di 5‘13@5@93%0?'2!?9&{) IH§adesals. 923—417173t(h1’|21=f) 4.191-4.114
(m, 1/3 H), 3.637-3.587 (m, 1 H), 3.344-3.299 (m, 1 H), 3.188-3.124
(m, 1 H), 3.030 (s, 2/3 H), (dt, 2.81 Hz, 9.4 Hz, 1/3 H), 2.536 (g, 1 H),
2.301 (t, 1/3 H), 1.590, 1.571 (2s, 6 H), 1.539-1.483 (m, 2/3 H), 1.275
(s, 6 H), 1.259-1.206 (m, 2/3 H), (m 1 H), 0.633-0.545 (m, 1/3 H),
-0.277 -0.361 (m, 1/3 H).

FAB-MS calc. for C28H32N404 488; found 489 (M+H, 65%).

15

20
EXAMPLE 4

N- [1(RH(4’ 5'-dihydro-4'-oxospiro[piperidine-4,6’-[6H]thieno[2,3-
b]thiopyran]- 1-yl)carbonyl]-2-(mdol—3-y1)ethyl]-Z—axmno-z-
propanamide hydrochloride

Step A: N-[1(R)-{(4",5"-dihydro-4'-oxospiro[piperidine-4,6'- -
[6H]thieno[2,3-bithiopyran]-1-yl)carbonyl}-2-(indol-3-
ylethyl}-2-[[(1,1-dimethylethyloxy)carbonyl]amino]-2-
propanamide
Prepared by the procedure described in Example 3, Step B.

Spirofpiperidine-4,6'-[6H]thieno[2,3-b}thiopyran]-4'(5'H)-one

hydrochloride, (10 mg, 0.044 mmol) EP publication 90313262.9, a(R)-

[12-{(1,1-dimethylethoxy)carbonyl]amino}-2,2-dimethyl-1-

25
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oxoet hyl ] am no] - 1Hi ndol e- 3- propanoic acid (20 ng, 0.051 mmol), HOBT (1

eq.), N- enethyl norpholine (0.01 nL, 0.093 mml), and EDC (20 ng, 0.10
nol ). Reaction tine: 5 hours. Yield: 22 ng (98%. [err]H NVR (400 MHz,
CDCl [err]): product exists as a mixture of two 5 confornmers (2:1): [err]
8.240 (s, 2/3 H), 8.063 (s, 1/3 H, 7.680 (d, 2/3 H), 7.628 (d, 1/3 H),
7.416-6.962 (m 5 H), 5.279-5.162 (m 1 H), 4.878- 4.763 (m 1 H),
4.285 (d, 2/3 H, 3.376 (d, 2/3 H, 3.342-3.196 (m 1 H)y, 3.129-2.973
(m 12/3 H, 2.715-2.662 (m 1 H), 2.2855d, 2/3 H), 2. 139840013 H) ,
1.683-1.567 (m 8 1/3 H), 1.503, 1.454, 17427, 1.409 10 (4s, 12 H,
1.278-1.217 (m 2 H), 0.708-0.628 (m 2/3 H). FAB- M5 cal c. for

Cerr]Herr]Nerr]Jerr]Serr] 610; found 611 (MtH, 329
N[L(R-[ (4", Bbxmbthyﬂammo]-d ole{?ppp@annmemds(zo mg, 0.051 mmol)

LOHI L hi enol 2. SHEBY! QR J - tne ﬂahhgag@ﬁmd ééoﬁ 90693 mol), and EDC
| ) et hyl - 2- db

%/h)eeprgceduflg1 2 pﬁ A0 0111'3 CylclﬂeZZrﬁlgr@gg)at gr:‘aromy
previous Step 1 M(mmmﬁ)ﬂ@roductmmnﬁim)ofﬁaﬁctlon time:

Lot 53! Snfobtiers (113 58240 (o2 RN SRS A Y TS 3B, s
(m 6 1. 5 518D l(llhﬂﬁ RAB6B62 (m, FH9S. 27951 60nim. 1) 14,878

b %ﬁﬁ(@éﬁamssﬁ@%g{;ﬁm@ s (n 2

1587 1.574, 1H313.1 1 243 H), 22%15-2.662 fm, 351), 2. Hym 2/3

H, -0.311 -039j3 -%9 gg% %i 1.454, 1.427, 1.409
EPRREERS e r e et g e TR e

, 4' - pi peridi n]FAB-MSQ:aIc for C3 H3§N40582 610- found 611 (M+H, 32%).
yI ) car bonyl ] - 2- (i ndol - 3- y )eth y ani no- 2- net hyI pr opanani de

hydr ochl ori de 60 - Step A
N [1(R-[(3-h : rof IR-[IERY (4’ o8'udibydto4'-icsphiofpiperidine-4,6'-
“yl)-car b°”y 2- (I nqebnhishd, §>ﬂ]1cm%p£&éxﬁ ﬂ-ylf&h%ﬁwh-z-(mdol-s-
Dethyl]-2-amino-2-propanamide hydrochloride
Prepared by the procedure described in Example 15, Step
C. The intermediate from previous Step (200 mg, 0.033 mmol) and
methanol (3 mL). Reaction time: 1.5 hours. Yield: 12.2 mg (69%).
1H NMR (400 MHz, CD30D): The product exists as a mixture of two
20 onformers (2:1): 8 7.562-7.022 (m, 6 H), 5.513-5.446 (m, 6 2/3 H),
5.099-5.003 (m, 1 H), hidden 4.914-4.726 (m, 2/3 H), 4.178 (4, 1H),
3,624 (4, 1H), 3.337-3.043 (m, 2 2/3 H), 2.760-2.660 (m, 1 H), 2.324
(d, 1H), 2.234 (d, 1H), 1.597, 1.587, 1.574, 1.510 (4s, 4H), 1.364-1.225
(m, 3H), 0.562-0.482 (m, 2/3 H), -0.311 -0.391 (m, 2/3 H).
25 EAB-MS calc. for C26H30N403S2 510; found 511 (M+H, 51%).

XAMPLE 5

N-[1(R)-{(3-hydrospirof 1 H-isobenzofuran-1,4'-piperidin]-1'-
yl)carbonyl]-2~(indol-3-yl)ethyl]-2-amino-2-methylpropanamide
hydrochloride
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et hyl oxy) car bonyl ] am no] - 2- net hyl pr opanam de Pr epar ed
by the procedure described in Exanple 3, Step B.

3- Hydr ospi ro[ 1H i sobenzof uran-1, 4' - pi peri di ne] hydrochl oride (10 ny
0.044smml ), (Bauer et al US 3985889) [err](R-[[2-[[(1, 1-di rrethyl

et hoxy) car bonyl ] am no] - 2, 2-di met hyl - 1-oxoet hyl] am no]- 1Hi ndol e- 3-
propanoic acid (20 ng, 0.051 mml), HOBT (1-eq.), N-nethyl-

nmor pholine (0.01 nL, 0.093 mml), and EDC (20 ng, 0.10 nmol).

Reaction tine: 5 hours. Yield: 21 ng (81‘V§ - Woduct
exists as a mxture of two conforners (1: 9: ([err]H N&/Ig-zér

CDC[err]): [err] 8096(s 1H), 7.689 (t, 1H), 7.341 (d, 1H),
7.244-6.611 (m , 5.288-5.202 (m 1/2 H), 4.945 (br. s, 1/2

4,161 (4 1 56%2&20% Ndl}l(mq(%hy&omkm-zsmmpmmm-meﬁdﬁm 2
1.549 (m3 1/2 H), " 1 a1l ﬁ)ﬁ%ﬁﬁﬁl—%ﬁn&%f y%ﬁ“&ﬁ'@ %12 lka%élﬂ‘ﬁzlz
(m 3 H), 0.857 (t, 6 Heth onyl lammg pethyiprepanamide 1 N[ rlderr]
560; found 561 (I\/HrH 33%re le 3. Step B.
oo 10
met hyl pr Opananomm Jﬂ(Buueie:t al US 3985889) o(R)- [[r2-[f(ﬂ?b@im@tﬁyl t he
dure d le ) d
L i 7 o el
oD T 4
CHRIE )71@21 @‘mmﬁ‘ﬁ*??gﬁrf’&@ ?ﬂ P20 mg, O.IPHAGET S -
(br. s, oma)Yleédﬁz_l_L 8b%m 1 1), '3 348-3.1
10 (m 5 115 1y, 2,987 mﬁwgac 3418 92 mhxfi Gftbw-bnfdrmers (1:1): 2. 508
d, 1/2 N 1
'S 006 (anD 1 OH NI e85 8 865676, 15,7, é‘%iﬁm%ﬁﬂa‘e jloﬁérr] 460;
IE?(XBE’L?% (M’fH?m-‘ﬁ 611 (m, 6 ]& 5. 2?8-5.202 (m, 1/2 H), 494? (br.s, 1/2H), -61 -
R eneopy ags 2 in%gg)lzés? (% YA, PRPEIE Y88 (4, A3 ), 08043115 (m, 2
s - m, 1 H), 2.751 (4, 1/2 H), 2.416 (d, 1/2 H), 1.787-

1.549 (m 3 1/2 H), 1.491, 1.461, 1.421, 1410(48, 12 H), 1.281- 1212

(m, 3 H), 0.857 (1, 6 H).

FAB-MS calc. for C32H40N405 560; found 561 (M+H, 33%).

20 StepB:  N-{1(R)-[(3-hydrospiro[1H-isobenzofuran-1,4'-piperidin]-

1'-yl)carbonyl}-2-(indol-3-yl)ethyl]-2-amino-2-
methylpropanamide hydrochloride
Prepared by the procedure described in Example 3, Step C.
The intermediate from previous Step (20 mg, 0.04 mmol) and methanol
(3 mL). Reaction time: 1 hour. Yield: 18.2 mg (93.5%).
1 NMR (400 MHz, CD30D): The product exists as a mixture of two
conformers (1:1): 8 7.621-6.568 (m, 8 H), 5.198-5.136 (m, 1 H), |
hidden 4.856 (br. s, 1 H), 4.098-4.045 (m, 1 H), 3.611-3.499 (mn, 1 H),
3.348-3.110 (m, 5 1/2 H), 2.987-2.903 (m, 2 1/2 H), 2.618 (d, 1/2 H),
2.508 (d, 1/2 H), 1.691-1.473 (m, 8H), 1.271 (br. s, 2 1/2 H), 0.081-
-0.006 (m, 1/2 H).
FAB-MS calc for C27H32N403 460; found 461 (M+H 96%).
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pi peridin]-1 "'-yl)carbonyl]-2-(indol-3-yl)ethyl]-2-am no-2-
nmet hyl pr opanam de hydr ochl ori.de Step A

N[ 2( R) -[ (3, 4-di hydro- 6- et hyl - 4- oxospi r o[ 2H 1- benzo-
pyran-2,4' -piperidin]-1"-yl)carbonyl]-2-(indol-3-yl)ethyl)-
2-[[(1 ,1 -dinethylethyl oxy)carbonyl]am no]-2-nethyl- 10

propanam de Prepared by the procedure described in Exanple
3, Step B. ThESlﬂeet[Halayekﬁnqﬁacé’ﬂ?t hyl spi ro[ 2H 1

benzopyr an- 2, 4- one ochl oride (20 ng 1),
(Hashi gaki et wwuﬂﬂﬂw Bul I . ipg 3561- 3568 (1984) }gé&gﬂ?
[err] (R -[[2-[[( et hoxy) - 15

car bonyl ] am no] - 2, 2- di et hyl - 1- oxoet hyl ] am no] - 1H i ndol e- 3- pr opanoi c
acid) (32 ng, 0.082 nmol), HOBT (1 e EXAMPEE 6Y! nor pholine (0.03 ni,
0.28 nol), and EDC (40 ng, 0.21 nmol) eaction tine: 8 hours. Yield:

mxture of i woNebt @Ok Ay (4°-qﬁe¢a@o%§%¥ Apbrapyrancha™ < “1/ 5

, 7.626 (d, eabiSon - 2 E08 m2/3
?265 5. 1(8 (ndmlz'?j)) . 14, 3 %—Qgglﬁldi?nyl')‘%ﬂ! 2, 2%% 4( 178 (m H)2/3
H, 3.469 Haplgaag s i . b 2.562
(s, 2 1/3 H, 2.251 (d, 21/3H) 2.158 (d, 2/3 H), 2068(d 2/3 H),

T 5621 296 ( ’ Wﬂiﬁi;?é% #ﬁx&?ﬂmﬁa@@%@aﬁ?ﬂh 13
H) . FAB- VB cal c. f pyrane2 A 4 yilsasbonyld e (indola+ yEeshy il s H,

RS S AR e

2-am 30- 2- (rjret hyl Br gpana lar Iép p ;(mﬂp s xrepared by the
proce ure descri be In duredes Bedlliﬁﬁ l@t@ WTB
pr ﬁ\é:ﬁgs \S(It gf)dé %101?%’ 0. g g BY oﬁﬁl 1- nzoneytrgg%) ‘ {nsperlr_li_ameﬁﬁact lon time:
62 - [ ehy(ltldchhﬁldel(mo mg, 0 058! mmol),) (Hashégakicet al tCleerns Phapm. a
mxture of §t (vBull. 32 S58T/35681584)) GIR)-[[2-FY; aihiEiylethoky- 1)
5" carbonyi]amino]-2,2-dimethyl-1-oxoethyljamino]-1H-indole-3-
propanoic acid) (32 mg, 0.082 mmol), HOBT (1 eq.), N-methyl
morpholine (0.03 mL, 0.28 mmol), and EDC (40 mg, 0.21 mmol)
Reaction time: 8 hours. Yield: 34 mg (86%).
1H NMR (400 MHz, CDCI3): The product exists as a mixture of two
20 conformers (2:1): 8 8.154 (s, 2/3 H), 8.088 (s, 1/3 H), 7.626 (d, 2/3
H), 7.591-7.060 (m, 6 H), 6.725-6.688 (m, 2/3 H), 5.265- 5.168 (m,
2/3 H), 4.985-4.900 (m, 2/3 H), 4.289-4.178 (m, 2/3 H), 3.469 (s, 2/3
H), 3.229-3.064 (m, 2 2/3 H), 2.730 (, 2/3 H), 2.562 (s, 2 1/3 H), 2.251
(d, 2 1/3 H), 2.158 (d, 2/3 H), 2.068 (d, 2/3 H), 1.680-1.541 (m, 3 H),
25 1.502, 1.475, 1.454, 1.427, 1.402 (5s, 15 H), 1.292-1.226 (m, 3 H),
0.616-0.532 (m, 1/3 H), -0.495 -0.590 (m, 1/3 H). '
FAB-MS calc. for C34H49N406 602; found 603. (M+H, 37%).

Step B: N-[1(R)-](3,4-dihydro-6-methyl-4-oxospiro[2H-1-benzo-
30 pyran-2,4'-piperidin]-1'-yl)carbonyl]-2-(indol-3-yl)ethyl}-
2-amino-2-methylpropanamide hydrochloride
~ Prepared by the procedure described in Example 3, Step C.
The intermediate from previous Step (20 mg, 0.029 mmol) and
methanol (3 mL). Reaction time: 3 hours. Yield: 17.5 mg (96.5%).



hi dden 4.872-4.679 (m 1H), 4.144-4.093 (m 1H), 3.569-3.485 (m 1 5 H),
3.321-3.081 (m 2 1/3 H),.2.716-2.600 (m 1 1/3 H), 2.253, 2.236,

2.222, 2.196, 2.190, 2.155 (6s, 4 H, 1.569, 1.541, 1.475 (3s, 7 H),
1.388-.1.237 {m—32/3H),0.881-0.808 (m 2 H), 0.434-0.420 (m 2/3 ,
0.427-0. 436 (¥ siektakBeen ReplacddAB- M5 calc. for Cerr]Herr]Nerr]Jerr] 502;

found 503 ( MtH, EXAMPLE 7
N[L(R-[(3, 4- ﬂ E&piro 2H 1- benzopyran-2,4' -piperidin]-1'-
yl ) carbonyl] 4- |"="2- am no- 2- et hyl,pr opanam de- 15 hydr qgggam?e

Step A [err](R-[[2-][ (1, 1-di met hyl et hyt¥oxy) car bonyl ] am no]
di nmet hyl -1 - oxoet hyl | am no] - 4- phenyl but anoi ¢ aci d,
phenyl et hyl ester 20 A di chl or onet hane sol uti on of

2(R) - ami no- 4- pHgyp ' f&grgﬁebc 54 Phe PREBYCEXiRS asOShiikmre of two
a1t P78 o) P SO s
A tort Bor s o A ASTLATIONS, LD, 4 [a000S s o), 913693 85 6,
o e e B O b B0, 3RS0l Ba/3 30, TI58420%) anc
E E:nm éb lrJ re g yﬁta.m,rz.e%pmgﬁ, @155 (6s, LH)| on569eTHRFIQHAES (3T gg;t u [ﬁ was
et hyl IOacet ate. l%gs'?r%ﬁb%%ﬁlﬁza/g?’ 8%%?%@%@,2%'@5}3@@4@%@% /yuri fied

by flash col umkl); : #).eluting with 40% ethyl acetate in
hexane, to give Wéﬂb?ﬂ)ﬂ@ggﬂ?%l\lﬁ%4 Fﬁ@;ﬁm%%j +H, 97%)] EZN'VR (400

MHz, CDCl[err]): [err] 7.34-7. 5.15 ( B=12 , | H),
5.08 (d, JB@=12 Hz, 1 H), 4.86 (br. s, 1 H, 4.67-4.62 (m 1 H, :
2.61-2.53 ?m 2 H, 2.18-2.14 (m 1 HEXMPLE 26 (m 1 H, 1.47 (s, 3
H, 1.43 (s, 3 H, 1.41 (s, 9 H. - - 63 -

Step B: [err](R-[[2-[[(1, 1-di et hyl et hyl oxy) car bonyl ] am no] - 2, 2-
N-[1(R)-[(3,4-dihydro-4-oxospiro[2H-1-benzopyran-2,4'-piperidin]-1'-

yl)carbonyl]-4-phenylbutyl-2-amino-2-methylpropanamide
;s Dhydrochloride

Step A: a(R)-{[2-{{(1,1-dimethylethyloxy)carbonyljamino}-2,2-
dimethyl-1-oxoethyljamino]-4-phenylbutanoic acid,
pbenyimethyl ester
A dichloromethane solution of 2(R)-amino-4-phenyl-

butanoic acid, phenylmethyl ester, toluenesulfonic acid salt (6.0 g, 13

mmol) was extracted with dilute sodium hydroxide solution. The

organic layer was dried over MgSO4 and evaporated to give a residue.

To the solution of the residue, N-tert-butyloxycarbonyl-o-methyl-

alanine (3.21g, 15.8 mmol), HOBT (1.7g, 13 mmol) in dichloromethane

was added EDC (5.1 g, 26 mmol) and the mixture was stirred overnight
at room temperature. The mixture was then poured into a mixture of
brine and 3 N HCI and extracted with ethyl acetate. The organic extract
was dried, evaporated, and purified by flash column chromatography,
eluting with 40% ethyl acetate in hexane, to give the desired product

(5.47g, 91%).

1H NMR (400 MHz, CDCI3): § 7.34-7.07 (m, 10 H), 5.15 (d, Jap=12

Hz, 1 H), 5.08 (d, Jga=12 Hz, 1 H), 4.86 (br. s, 1 H), 4.67-4.62 (m, 1

H), 2.61-2.53 (m, 2 H), 2.18-2.14 (m, 1 H), 2.01-1.96 (m, 1 H), 1.47

(s,3H),1.43(s,3H), 1.41 (s, 9 H).
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di et hyl - 1- oxoet hyl | am no] - 4- phenyl.hut.anoi¢- aa—d—-—- —- The
I nt ermedisate from previous Step (5. 37 g 11.8 mml was hydrogenated at
roomtenperature and 1 atm of H2 usi i ”B"e di um on carbon as
catalyst (0.5 g) for 2 hours. The cat ‘ iltered through celite

and evaporated to give the title corrp 1009 . [err]H NWR
(200 MHz, CD[err]QOD): [err] 78047143(m 5 , 4.402-4.359 (m 1H,
2.672 (dt, 2 Hz, 6 Hz, 2 H), 2.126-2.004 (m 2H) 1.483, 1.444 (2s, 5
H, 1.423 (s, 9 H), 1.412(s, 3 H. ep C

N[LI(R-[(3, 4-di hydr 04- oxospi r o[ 2H 1- benzdpyr an- 2, 4' - 18899IBY

pi peridin]- 1 '-yl)carbonyl]-4-phenylbutyl-2-[[( 1, 1-

di et hyl et hyl oxy) car bonyl ] am no] - 2- met hyl pr opanami de 15 A

sol ution of spSte Be+ 1- bmﬂRM[/l-ﬁ(ia-dimaﬂghm Ioﬁyém%nyl}ammomnzo g,
0.0.776) and the intermegials 0 phs oy &)85 mml) in
di chl or omet hane was cool SUa v cacd

N- met hyl mor phol i ne (0.1 the mtwmadme)fromdpmqsﬁmpg(s B?ng, bhigrmql)mere

added. The T eaqpdsdiydokbiied i odin iriferlurOsil 1 2 qu%r 3
hours, untisl the_regaction was e ete anal Ysi.s. The
sol uti on vvass t paladi @dl%rbﬁng’ét‘?ﬁtww&(ﬁ)tfﬂéhmde .The ca R&d over
anhydr ous nagngifesad Shi waa Chro éftheuﬂébélh‘fjbﬁﬁda(ﬂdn

concentr at ed. | cation by silic t ogr aphy pr OVI ded the
title conpound 95. 59 . gerr] H NVR (400 VHz, err% The
product existsl m”?émmaz CMOD 88086495@%(1111511&),44@2}435 {m,6. 925

1 fae DI o S M o LR
H) , 206719462&:5 1/4234s, 9 H), 1.4187s, 38310 (m 1 H), 1.580 (br. s,
H, 1.503, 1.488, 1.455, 1.411, 30 1.403 (5s, 15 H), 12921227(m 2I—|).

R B A o
mgzhw propanam de hydr ochipeiidis]-1'-yl)carbonyl}-4-phenylbutyl-2-{[(1,1-
imethylethylox onyllaminol-2-methylpro id

A solution of spiro[2H-1-benzopyran-2.4'-piperidin]-4(3H)-
one (20 mg, 0.0.776) and the intermediate from previous Step (31 mg,
0.085 mmuol) in dichloromethane was cooled to 0°C and then HOBT (1
eq.), N-methylmorpholine (0.1 mL, 0.90 mmol) and EDC (33 mg, 0.17
mmol) were added. The reaction mixture was stirred at room
temperature for 3 hours, until the reaction was judged complete by TL.C
analysis. The solution was then washed with saturated sodium chloride
and dried over anhydrous magnesium sulfate. The solution was then
filtered and concentrated. Purification by silica gel chromatography
provided the title compound (41.6 mg, 95.5%).
25 1H NMR (400 MHz, CDCI3): The product exists as a mixture of two
conformers (1:1): & 7.853-6.925 (m, 9 H), 4.936-4.868 (m, 2 H),
4.355-4.265 (mt, 1 H), 3.605-3.565 (m, 1/2 H), 3.388-3.318 (m, 1 H),
3.022-2.965 (m, 1 H), 2.686-2.608 (m, 3 H), 2.067-1.948 (m, 2 1/2 H),
1.871-1.810 (m, 1 H), 1.580 (br. 5, 2 H), 1.503, 1.488, 1.455, 1.411,
1.403 (5s, 15 H), 1.292-1.227 (m, 2 H).

15
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StepD:  N-{1(R)-{(3,4-dihydro-4-oxospiro[2H-1-benzopyran-2,4"-
piperidin]-1'-yl)carbonyl]-4-phenylbutyl-2-amino-2-
methylpropanamide hydrochloride




A solution of internediate from-previous-Step {(40-ny, 0.071 mol ) in
ethyl acetate was cooled to O[err+C Then hydrochl oric gas was bubbl ed
into solution for 2 mnutes. The & red for 15 m nut es,
until .TLC i ndicated that the reacti te. The sol ution was
concentrated and the hydrochloric 95. 5% was used

wi t hout purification. [err]H NMR(400 WMHz, CDlerr]OD): The product
exists as a mxture of two confornmers (1:1): 8 8.271-8.229 (m 1 H),
7.799 (dd, 1 3/4 Hz, 7.84 Hz, 1 H, 7.545 (q, 1 H, 7.289- 7&%@{6@ 7
H, 4.737-4.703 (m 1 H), 4.277 (d, IZ"H), 4. 186 (d, 1/2 ,
3.555-3.292 (m 1 1/2 H), 3.187- 3.068 (m 1 H), 2.809-2.724 (2m 2 H),
2.633-2.563 (m 1 H), 2.085- 1.927 (m 3 1/2 H), 1.645, 1.639, 1.616
(3s, 6 H, 1.677-1. 603 (msalwnonofﬁnéﬁﬁedxa?éﬁo&mprévidhs&ep (ROHNpH cal c.

for C27H33N304 (ﬁﬁﬁ %?f % )@ﬁw Bﬁrgf_p [Then hydrochloric gas

- benzopyr an- 2, Avasbubbledi mle Sblutlon for 2 minutes. The reaction was stirred for

L oy i~ TS RifReRT il THO. fidikated i i eofibh WaEORPIGE! Fhe

hydrochl origde
N TACR TS & mam svassosmcsntmated aad fae pydrochloric salt (3.8 mg, 95.5%)

pi peridin]-1' - ydCasdPaithout t hyl oxy)ethyl] -2- 25

e o 0 VA, OB Bk i s e of

[SIOI rfE ZR)H [1[ ge[lmnfonncl% a: i)zliitm 2018208 in, 1 H), F(FO% &dd,nb 3/4 Hz6).84nd

err

am noj - 2, 2@ leﬁ g;%@lk ?!'hf ?%(8“9}7%&&%%4 8%54 303 (m, H}panm C

acid (32 ny fdol 2 H), dllcﬂﬂ(d,dtﬁtﬂ RS Z%I(m;ihb/ZH),éd Blerr]C
dth HOBT d EDC

?33 mgeno 171 %0 (%\'Erle é%%g G%;g’f?@ baf?3-§5€9 }gf ?r?gy

room t enper at ur |(m43n 836 (3s, ,Jlu 'é'é'd 603 )3t e by

TLC anal ysi s. ]hgelmlgr;g \QaH)t hen- washed wi th saturated SOdI um

cglt_)orl de and drPtﬁﬂ ﬁsecal%n?a/ d&‘fﬁﬁﬁ%ﬁﬁi %su fat 61'&@[+H,54%)

15

EXAMPLE 8

N-[1(R)-[(3,4-dihydro-4-oxospiro[2H-1-benzopyran-2,4 -piperidin]-1'-

20 yl)carbonyl]-2-(phenylmethyloxy)ethyl]-2-amino-2-methylpropanamide

hydrochloride
Step A: N-{1(R-[3.4-dihydro-4-oxospirof2H-1-benzopyran-2,4'-
piperidin]-1'-yD)carbonyl]-2-(phenylmethyloxy)ethyl]-2-
’s [[(1,1-dimethylethyloxy)carbonyl]amino]-2-methyl-
ropanami
A solution of spiro[2H-1-benzopyran-2,4'-piperidin]-4(3H)-
one (20 mg, 0.776) and ofR)-[[2-[[(1,1-dimethylethyloxy)carbonyl]-
amino]-2,2—dhneﬂ1y1-1-oxbé_t__hyl]anﬁno]—S—@henyhneﬁxyloxy)G-
20 propanoic acid (32 mg, 0.085 mmol) in dichloromethane was cooled to

0°C and then HOBT (1 &q.), N-methylmorpholine (0.1 mL, 0.90 mmol)
and EDC (33 mg, 0.171 nimol) were added. The reaction mixture was
stirred at room temperature for 4 hours, until the reaction was judged
complete by TLC analysis. The solution was then washed with saturated
sodium chloride and dried over anhydrous magnesium sulfate. The



solution was then filtered and concentrated. Purification by silica gel

chromat ogr aphy provided the title conmpound(40.8 ng, 91 %. - EAB- M5 cal c.
for CJerr]Herr]Nerr]Jerr] 579; found 580 (M+H, 23%; [found 480
(MrH 100, 579% | oss of t= Boc—pfet ective group]. Step B:
N[I(R[(3, 4- drmystfea-;és [2H—1 benzopyran-2, 4' -

pi peridin]- 1'- phenyl net hyl oxy) et hyl ] - 2-

am no- 2- et hyl p Lchl ori de Prepared by the
procedure descrl 3, Step 1@4-. The internedi at e IRROBIBYEVI ouUs
Step (35 ng, O. 061 rrrml) and ethyl acetate (10 nL). Reaction tine: 1
hour. Yield: 30.2 ng (97%. 1H NVR (400 WHz, CD[err]CD) The product

a;(tst?sSgg (;1 ?ﬁéa%n%&#&nﬁlmgnfogners 51 1! !e.rg QB%DP 792 (m 1
R e Ao b
210 05 3% . tor Cobtig 5] 0 ol S O 230 Bomd 1

H), 2.789 (q, 480 WH—IOO §7620103s of 3-ReBpmotettivg gréuplk0 (t, 1 H, 1.897
(d, 1/2 H5 1.821-1.725 20 (m 1/2 H) 1. 626 1.567 (6s, 6 H), 1.564-1.410

(m 1/2 H), 1.301 (br. s, FAB- M5 cal c. for
Jerr]H err] NStep B er r N—-ﬂl?@{-[(a;érmhydm-@mxpsplro[ﬁbdmnzopymna 4'-
EXAVPLE 9 25 endm’- loxyéethfl]-z.

N[1(R) -[(6-chl oro- 3H—4poe<.

yl ) carbonyl ] -2- (i ndol - 325INBrLMCUIVIREQNARATN =‘ sein

Rg?; ?%ﬂ leiﬂ(_ie gt epPfepare the rocedure descnbed in Example3 Step
- CR{d O OXO ui.naz

pi peri din] - 1 Iﬁr e s 3@’? 9@ iU ?}"gzm%{ £6{. mmol) and

di net hyl et hyl lcanelbam ll)amﬂ.r)o Ré’aotmmamqorlohanani’ddd 30.2 mg (97%)

Prepared by t |l %

6- Chl or ospi ro(p| eri d| ne- u nazo one “%‘x‘“ﬁ%"l or| d%

(50 ny, 0.17 eapformersrl:]): [’{ 800 792ﬂﬁ3131)1| Hﬁh Pedd

-66 - 7.395-7.285 (m, 5 H), 7.088-7.015 (m, 2 H), 5.551-5. 107 (m, 1 H),

*®  hidden 4.921-4.816 (m, 1 H), 4.535-4.518 (2s, 1 1/2 H), 4.295 (4, 1 H),
3.911-3.803 (m, 1 H), 3.717-3.703 (2s, 1 1/2 H), 3.499-3.400 (m, 1 H),
3.309-3.291 (4s, 3 1/2 H), 3.211-3.051 (m, 1 H), 2.789 (g, 1/2 H),
2.633-2.513 (AB q, 1 H), 2.060 (t,'1 H), 1.897 (d, 1/2 H), 1.821-1.725 .
(m, 1/2 H), 1.626-1.567 (6s, 6 H), 1.564-1.410 (m, 1/2 H), 1.301 (br. s,
1 1/2 H). FAB-MS calc. for C27H33N305 479; found 480 (M+H,
100%).

20

X NIPL 9
25 N-[1(R)-{(6-chloro-3H-4-oxospiro[ 1H~quinazoline-2,4'-piperidin]-1'-
yl)carbonyl]-2-(indol-3-yl)ethyl]-2-amino-2-methylpropanamide
hydrochloride '

Step A: N-{1(R)-[(6-chloro-3H-4-oxospiro[ 1H-quinazoline-2.4'-
piperidin}-1'-yl)carbonyl]-2-(indol-3-ylethyl]-2-{{(1,1-
dimethylethyloxy)carbonyllamino]-2-methyl-propanamide
Prepared by the procedure described in Example 3, Step B.

6-Chlorospiro(piperidine-4,2(1'H)-quinazolin)-4(3H)one hydrochloride

(50 mg, 0.17 mmol), aR)-[[2-[[(1,1-dimethylethoxy)carbonyllamino]-

30



2, 2-di net hyl - 1- oxoet hyl ] am no] - 1H-1i ndol-e_-s-_pmpanm c_acid (81 nyg, 0.21
nmmol ), HOBT (1 eq.), N-nethyl norpholine (1 eq. and EDC (80 ng, 0.42
nmmol ). Reaction time: 3 hours. Yield 64t Replaced FAB- VS cal c. for
Clerr-Herr]Nerr]Oerr] O 623: found 63 5 Step B:
N-[1(R-[(6 chloro-3H 4-oxospiro[ 1H qui

pi peridin]-1 '-yl)carbonyl]-2-(indol-3-yl)ethyl]- 2 am no- 2-

met hyl pr opananm de hydrochl ori de Prepared by the procedure
described in Exanple 7, Step D. | nt ei_rnggli ate from previous %tggg ny,
0.08 mml). Reaction tine: 1 hour . Yieﬁ%: 40 mg (89.5%. I Egi\i/g

calc. for err]Herr]Nerr]gerrd 523; found 523 (MtH, 71%.
EXAMPLE 10 15

N-[1(R-[(1,4- &,ﬂy&mthybhmmahyﬂmnmlﬁmﬁwnm &id' (81 mg,
piperidin] -1 )ﬁﬁﬁi grgldg'ggiéggfn@ l‘ﬁi&{;hblﬁeft’l‘étf),?andEDC(SO

met hyl pr opanani de

1, 4- Di hydr o- 4- gBgn0 4 &ommebH R m ours.  Yield 64.5 mg (60%).

pi peridine)- 1-RAB-MS calc. for C32H39NEOSE1 623b\folthd 6240QMAH,29%yCT | bed in
Exanple 3, s55tep A
1' - benzyl - 1, 4- di hydr o- 4 phenyl spi ro( 3H 2- benzopyran- 3, 4' -

pRI pe{l di nte) 1- it drSCNQ£®F[(dﬁﬂom-3H4wxmpﬂd[lmgum&emb-Z5'.25 m) .
eaction tine: m nut e L
Clerr]Herr]NJerr] 293; ﬁ%%@ng@lfym&zg% g md01'3°y AE%%@&%‘&“

N[1(R)-[(1, 4-di hydr o- 4- phefhyiprdpanany

pyran-3 ,4' -piperidin]- ’
R L e
g, gt ep Bholize Yfglgragqhgt(ggfs%p previ ous St ep (5 nmy, 0.017 mml) "

et RS kT COHENGORCE 2 i3 G

- oxoet hyl ] am ni

15 B
N-[1(R)-[(1,4-dihydro-4-phenyl-1 -oxospiro[3H42-benzopyran-3,4'-
piperidin]-1'-yl)carbonyl]-2-(indol-3-yI)-ethyl]-2-amino-2-
methylpropanamide hydrochiorid

20

Step A: 1,4-Dihydro-4-phenylspiro(3H-2-benzopyran-3,4'-
piperidine)-1-one
Prepared by the procedure described in Example 3, Step A
- from 1'-benzyl-1,4-dihydro-4-phenylspiro(3H-2-benzopyran-3,4'-
piperidine)-1-one hydrochloride, (8 mg, 0.019 mmol) and ethanol (5
25 mlL). Reaction time: 45 minutes. Yield 5.5 mg (98.5%).
FAB-MS calc. for C19H19NO2 293; found 294 (M+H, 93%).

StepB:  N-[1(R)-[(1,4-dihydro-4-phenyl-1-oxospiro[3H-2-benzo-
| pyran-3,4'-piperidin]-1'-yDcarbonyl]-2-(indol-3-yl)ethyl]-
2-[[, 1-dlmeﬂxylethyloxy)cmbonyl]ammo]-Z-methyl-
propanamide - :
Prepared by the procédiite described in Example 3, Step
B. The intermediate from previous Step (5 mg, 0.017 mmol), ou(R)-[[2-
[[(1,1-dimethylethoxy)carbonyl]amino]-2,2-dimethyl-1-oxoethyl Jamino]-

30




1H-i ndol e- 3-propanoic acid (12 ng, 0.030 mol ), HOBT (1 eq.), N met hyl
nor pholine (1 eq.), and EDC (12 ng, 0.060 nmol). Reaction tinme: 5
hours. Yield: 9.2 ng (86%. [err]H NVMR(400 MHz, CD[err]OD): The product
exists as a mxture of two conforners (1:1): [err] 8.185-8.072 (m 1
1/2 H)y, 7.885 (s, 1/2 H), 7.710- 6.813 (m 12 H), 5.331-5.309 (m 1/2
Hy, 5.198-5.111 (m 1/2 H), 4.7104.605 (m 1/2 H), 4.3004.235 (m 1/2
H, 3.876 (d, 1/2 H), 3.719-3.617 (m 1 H), 3.355-3.046 (m 1 1/2 H)

2.746 (q, 1/2 H), 2.006-1.960 (m 1 1.678-1.574 (m 2@
-1.368 (m 6 H), 1.257, 1.240, 1. 227H)ﬁf 208, 1.186 (5s, .899%?8

Step C N[L(R-[(1, 4- dlhydro 4- phenyl - 1- oxosp|r0[3H-2

benzopyran- 3, 4' peridin]-1"-yl)carbonyl]- i ndol - 3-
yl )ethyl]-2- amlrl'g-lﬁd t-wrppmnmdiélﬂyng Ormmwol), HOBT (1 eq.), N-

fromprevi ous JEB ajﬁ%ﬁ %S‘% %@ 17 bz, 0080 mmol); RetctidiPc! &' ©
React?on tinme: Ous.c| % 0) [err]H NNR(400 MHz,
ng4[7_er8 r ]3%3 (Th Hl> 1 é%{ ct eRistdacamhixtor of (Wo 1) | 8
5. 355- 5. 315 (Qcoyf@mﬁ @ fb 53, &F&F]Zﬂﬂz%/z H), 9%@»%%‘@1% %6@)(m
1/ 2 |3-|) 173 573676 813 (1211, 15.33B-5309 $x5 462 H), S.198-5.H1 (3,32 H),237 (m 2
A 1. 655-1. 212 (m ﬁp 1663)(%1%9'928 ‘g‘zﬁﬁ Emzém g%@@% i@ng’m 12 H,
o 271- -0.448 347119-3/@1%1111, 1 H),FB\ES 646(1(m‘fbr1 2]M46e(q, R H),] Jerr]
T A AT Ty DA LRSS
'-yl)carbonyl] okt 1§¥ﬁ%t thylpropanan1de
hydr ochl ori de
o portdin 1 SEBE bondt H@b‘)n(ia@ﬁﬂ@% ?Japﬁ%n B sﬁf"‘ol‘ﬁ!ﬁ
benzopyran-3,4'-piperidin]-1 -yl)carbonyl]—Z-(mdol-S-
1 {1-2~-amino-2-methylpropanamide hydrochloride
Prepared by the procedure described in Example 7, Step

D. Intermediate from previous Step (9 mg, 0.015 mmol) and ethyl
acetate (10 mL). Reaction time: 1 howr. Yield: 8 mg (97%).
1H NMR(400 MHz, CDCI3): The product exists as a mixture of two
conformers (2:1): & 8.347-8.333 (m, 1 H), 8.043 (t, 112 H), 7.662-
6.869 (m, 12 1/2 H), 5.355-5.315 (m, 1/2 H), 5.108-5.061 (m, 1/2 H),
hidden 4.897-4.768 (m, 1/2 H), 4.174-4.103 (m, 1/2 H), 3.717-3.526
(m, 1 H), 3.387-3.237 (m, 2 H), 3.179-3.067 (m, 1 H), 2.660 (g, 1/2 H),
2.044-1.981 (m, 1 H), 1.655-1.212 (m, 11 H), 0.964-0.820 (m, 2 1/2
H), 0.575-0.423 (m, 1/2 H), -0.271- -0.448 (m, 1/2 H).
25 FAB-MS calc. for C34H36N404 564; found 565 (M+H, 25%).

15

20

EXAMPLE 1

N-{1(R)-[(3,4-dihydro-4-oxospiro[2H-1-benzopyran-2,4'-piperidine]-
1'-yl)carbonyl}-2-(indol-3-yl)ethyl]-2-amino-2-methylpropanamide
hydm_chloride
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di et hyl et yl oxy) car bonyl ] am nol - 2-net hyl propa-rram—de—“ - e Thi s
I nternedi.ate was prepared froma(R)-[[ 2- [[(

di et hyl et hoxy) car bonyl ] am no] - 2, 2- di et hy %heetHas 410] -1H
i ndol e- 3- propanoi ¢ acid (903 ny, 2.3 nnDI)
benzopyran- 2, 4' - pi peridinl -4(3H)-one, hydr 2.11

nmol ) (Elllott J, et al, J. Med. Chem 1992, 35 3973 3976) by the

procedure described in Exanpl e 25, Step A (1.25 g, 100%. [err]H NMR
(400 MHz, CDCl[err]): compound exists as xture of conf

(ratio 2:1): [err] 8.42, 8.31 (2s, 1 H), $8r7ng 7.75 (2 dd, 1.6]%?,9ng 7.8
Hz, 1 H, 7.66, 7.56 (2d, 8.0 Hz, 7.6 Hz, 747678(m8|—|)
5.37-5.15 (m 1 H), 4.98, 494{2br S, ,424 4.18 (2 br. ,1H)
15 3. 40, 3.32 @tepA: d, N‘H(RB @%@bﬁdwmspmzﬁsmmzopymaﬂ!- 1
H, 2.47 (d, 2 Hz, 1/3 i , ( _s ) 23

H, 1.84 (br. s, 2 H),

| , . 0.56
(dt, 4.6, 13.8 Hz, 2/3 : i ’ PP
calc. for C[err]H[ err]N[ m&ﬁtefmbdm@&asf dre@ﬁ-oﬁi\/u(k,)}{@ilml 20 Step

gl per i SII- L]lsR)l [ ﬂ%ﬁ{"ﬁ g’ﬂgb{m&f@_}# ﬁﬁﬁ rﬁm Lamino]-1H-

{nﬁt yl p[ Opangm deddled3-pr mmdeamd (903 mg, 2.3 mmolYand spirof] ﬁbﬂlsolt uti oln of5
e internedia o]

nm) was added i’gﬁ%m gtfwéﬁ%@'@ﬁp%% @E‘f‘é tSSﬁ:gE? g‘@pl on(

m xture was st inumed) GEllostd, et al Mpd:@hammﬂ, 30 f3937ﬁ)1'm

t ol uene was ad cé’d‘lﬂ’gtd&snbed 1ﬁ1E‘JE ﬁ&f,p‘gr@tﬂg 0. Thi s

d *t tit oo 87 989
Perr] H R Ca00 EVIMRC(dt) Mg, cngam aynd £X18{5 25,2 HHERbIFe éﬁf 9 99%.
ZO% or Zerl i Erzafcbﬁf@miérs (ratiol2: I) FIADR, Bglozﬂol Iﬂ? R79.17.784¢2 dd,ll G'Hz 1H,
3.25.3.10 (m WZ 1 15 7.5, %@iﬂg 0%*%07511‘% ﬁé) Téﬂ%@?g@?ﬁ
\1\/ 38 11207( Hz, S5B3H5.12 (Bh 12}!394(98 4.94 Q2. 8) 1 H),GQ24,'L458 (2%r. 4, l-I)H)Z/ 5

|
Lo b0 LT, B4R A\ B, 2 (903500 5 4D, 293 (i, 3 HE 13 1 1
C28HB2NA04 H) 2.47 (d, 2 Hz, 1/3 H), 2.17 (d, 16.6 Hz, 2/3H),208(d 16.7 Hz, 2/3
H), 1.84 (br. s, 2 H), 1.70-1.60 (br. dd, 1 H), 1_3-1 2 (br. dd, 1 H), 0.56
(dt, 4.6, 13.8 Hz, 2/3 H), -0.55 (dt, 4.6, 13.8 Hz, 2/3 H). FAB-MS:
calc. for C33H40N40¢, 588; found 595 (M+Li, 100%).

20 StepB:  N-[1(R)-[(3,4-dihydro-4-oxospiro[2H-1-benzopyran-2,4'-

piperidin]- 1'-yl)carbonyl]-2-(mdol-3—yl)eﬂ1yl]-2—ammo-2—

methylpropanamide hydrochloride

To a stirred solution of the intermediate prepared in Step A
(1.0 g, 1.7 mmol) in methanol (5 mL) was added concentrated
hydrochloric acid (S mL). The reaction mixture was stirred at room
temperature for one hour and 20 ml of toluene was added and the
mixture was evaporated in vacuo. This procedure was repeated twice to
give the title compound (0.87 g, 98%). -
1H NMR (400 MHz, CD30D): compound exists as 2 mixture of
conformers (ratio 2:1): 8 7.76-6.90 (m, 10 H), 5.11 (d4, 5,11 Hz, 1 H),

" 4.16,4.11 (2 td, 2.0 Hz, 14 Hz, 1 H), 3.60, 3.33 (2 md, 14 Hz, 1 H),

3.25-3.10 (m, 2 H), 2.92-2.67 (m 2 H), 2.30-2.17 (AB, centered at
w.23, 16.7 Hz, 2 H), 2.85-2.80 (br. d, 1/3 H), 1.60, 1.59 (2s, 6 H),
1.70-1.50 (m, hidden), 1.40-1.30 (md, 1 H), 0.47 (dt, 5.5, 13.5 Hz, 2/3

25

30



488; found 489 (MtH, 100% . P EXAMPLE 11 A 5
N[1 (R)-{(3,4-di hydro4(RS)- hydr oxXyspi r ro[2H—1 benzopyran 2,4" -
pi peridin]-1"-yl)carbonyl]-2-(i ndqi,,sgmytlmetdﬁ £am no- 2- et hyl -

pr opanani de To a sti of the title conpound in
Example 11 10 (55 ng, 0.09 mmol) i ) at 0C, was added
sodi um borohydride (16 ngy, 0.4 several portions. After stirred

at OC for 30 mnutes the m xture was evaporated to dryness and
di ssol ved i n dichioronethane and puri \pged by flash col um Q%?bmywi th
10% met hanol in dichl oronethane to gi the title conmpound

78% . 15 [err]H NMR (400 WHz, CDjerr]OD): conpound exists as a m'xturé of 2
di astereonmers (1:1) and each isoner exists as two conforners (ratio

2: %)2 ; [e(r)r]( )T §9),60638 (dt 55, HB.5 Hz 2/3 Hi. (Fa\Bk?)l\gs;%adcm?rzC% BN 4’8 H) ,
4.22-4.1 , 5-3.14 (m , 3.10-
2.59 (4 dt, 1%81£E%§d%§§8(1@+§4 @M , /3 H, 1.79-1.74 (dd, 1/3 H), 20
160140(m3 H, 1.37, 1.31,1.28, 1.28, 1.26 (4 s, 6 H, 1.3-1.05 (m

hi dden), 0.71, 0.49 (2 dt, 5.6,13.5 0.20, -0.47 (2 dt, 4.6,
135 Hz, ZI%H). FAB- VS: calc. for qgﬁ%ﬁ%%rr]qerr] 490; found 491
( MtH, 100% 25 EXAMPLE 12

N-[ 1(R) - [ (3, 4- NI¥ERP{Etdibparc-4(RS)hydroxyspire(2kbilpbenztpyran-2,4'-

byt ocit or i e YA YGBEYI 2 RS SRR PARRAS S ethyl-

benzopyran ZAW To . a.stirred solution of the
spi rg[glil-l benzopy:rg[l 2, % tm-ezn Wcmom% 1'5(1131(53
lr)rgrohydrl de (3&53@11g,18$§[;p}nq1)| eﬁﬁ@@{%ﬂlﬁaﬂ%&m&% 9 H‘FPrut es the

m xture wes evdppohyddde(6tthgn0.4 mmol) in several portions. After stirred at
"10- 0°C for 30 minutes the mixture was evaporated to dryness and dissolved
in dichloromethane and purified by flash column eluting with 10%
- methanol in dichloromethane to give the title compound (35 mg, 78%).
15 1 NMR (400 MHz, CD30D): compound exists as a mixture of 2
diastereomers (1:1) and each isomer exists as two conformers (ratio
2:1): 6 7.89-6.66 (m, 9 H), 5.14-5.06 (m, 1 H), 4.52-4.45 (2 dd, 1 H),
4.22-4.10 (2 md, 1 H), 3.58-3.44 (2 md, 1 H), 3.25-3.14 (m, 2 H), 3.10-
2.59 (4 dt, 1 H), 2.02 (dd, 6.2, 14.7 Hz, 1/3 H), 1.79-1.74 (dd, 1/3 H),
20 1.60-1.40 (m, 3 H), 1.37, 1.31,1.28, 1.28, 1.26 (4 5, 6 H), 1.3-1.05 (m,
hidden), 0.71, 0.49 (2 dt, 5.6,13.5 Hz, 2/3 H), -0.20, -047 (2 dt, 4.6,
13.5 Hz, 2/3 H). FAB-MS: calc. for C28H34N404, 490; found 491
(M+H, 100%).

25 EXAMP 2
N-[1(R)-[(3,4-dihydro-spiro[2H-1-benzopyran-2.4"-piperidin}-1'-

yl)carbonyl]-2-(mdol-3-yl)ethyl]-2-ammo-2—methylpropanam1de
hydrochloride

30
- Step A: 3.4-Dihydrospiro{2H-1-benzo -2.4'-piperidine
To a stirred solution of the spiro[2H-1-benzopyran-2,4'-
piperidin]-4(3H)-one, hydrochloride (53 mg, 0.21 mmol) in methanol
(5 mL) at 0°C, was added sodium borohydride (38 mg, 1 mmol) in
several portions. After 30 minutes the mixture was evaporated and then



treated with concentrated hydrochloric acid (2 nL) for 30 mn.

Evapor ati-on gave a resi due which was hydrogenated with pal |l adi um on
carbon (10% 10 ng), H2 (1 atm in ethanol for two hours. Filtration

to renove the catal yst gave the crude internediate (89 ng) which was
used W|thout further purification. [err]H NVR-(400 MHz, CDlerr] QD):
7.07 (appears asTmSh&tMBeéﬁRbblacecﬁ 84 (appears as t, 7 Hz 2 H),

707708(m4 2 H), 2.02 (br. d, 14.5 Hz, 2 H),
,M for d er gy errINQ 20315509 y203

1.90-1.85 (m 4

(M+, 45% 10

N-[1(R)-[ (3, 4-di hydro-spiro[ 2H 1- benzopyran-2, 4' -

pi peridin]-1 '"-yl)carbonyl]-2-(indol - 3y|)ethy|] 2-[[1(1, 1-

di et hyl et hyl otseated wdtly bnwntnatedhyeirb idr@cmL.) for 30 min. Thi s

t di at
T e Y e
oxoe Yy am no

| th t
ot ure e g remove "‘é%‘d’(ﬁ%ﬁ ﬂﬁ; é‘r";é?gé%‘“‘?go‘%gmeﬁ ‘%‘“‘, °7°70.
7.61 (2d, 8 qusqdm 011 . 4.92 (br. s,
4. 30- 4. 20 (m H‘INMR MHz, CD:-S(OD)"UBY(? Qﬁ's&slkﬁ.‘(ﬁz 3H),68468 (t,

SRy Ty 1 otanies “3 THE2 B, 1011 (8, 490, 282 T HA 200 300 0 (T

H), -0.33--0. 4@3( di, 1415 Hz3)2 HOAB.90-1.85 (4 HRE-MS: cale. for C13H17NO,

err]Herr N d 575 (M+H, 359 Step C
E[I- [ 1( ]R) [ [ ( 3]04[ | y%dsgpr ml—tjis}%gnzopyr gn- 2,4' - " P
pi peridin]-1 "'-yl)carbonyl]-2-(indol- 3y|)ethy|] 2- am no- 2-
met hyl pr opanan?%ﬁdr OCNLPY, 3 4-d1hydro-sp1ro 11'9&12(51;;{;@0 cpgpound was
repared from Tt er medr edure
Heso ‘? - % '2“ 80{15{ ﬂ&rﬁ(ﬁgo HHz,
e’

described in Exanple 11,

CD[err] OD): conpound exi i lethtlogicerboh

[7egr7](33E13§21(2d 6.9!?%1&??%% hte oS preparcd 1 .(t

4.14 (br. d° 1and aﬁR)—[IZJ-ﬁ(l B—cﬁmexhybthonﬁcafhonylhm:ﬁo}& 2+dintethyl-1-
oxoethyl]amino]-1H-indole-3-propanoic acid following standard peptide
coupling methods.

" 1H NMR (400 MHz, CDCI3): compound exists as a mixture of
conformers (ratio 2:1); 8 8.04, 8.02 (2s, 1 H), 7.70, 7.61 (2d, 8 Hz, 1
H), 7.49-6.66 (m, 1 H), 492 (br. 5, 1 H), 4.30-4.20 (m, 1 H), 34-3.1
(m, 4 H), 2.85-2.45 (m, 3 H), 1.68 (t, 7.6 Hz, 1 H), 1.49, 1.45, 1.44,
1.43, 1.41 (5 s, 12 H), 1.30-1.21 (m, 3 H), 1.11-1.07 (d4, 2.5, 14 Hz,
1/3 H), 0.68 (dt, 4.5 Hz, 13 Hz, 1/3 H), -0.33--0.43 (dt, 1/3 H). FAB-
MS: calc. for C33H42N405, 574; found 575 (M+H, 35%).

20

25

Step C: N-{1(R)-{(3,4-dihydro-spiro{2H-1-benzopyran-2,4'-
plpendm]- '-yl)carbonyl]-2-(mdol-3-yl)ethyl]-2-am1no-2—
ethyl ide hydrochloride
The title compound was prepared from the intermediate in
30 Step B according to the procedure described in Example 11, Step B.
(90%).
1H NMR (400 MHz, CD30D): compound exists as a mixture of
conformers (ratio 2:1): § 8.31,8.21 (2 d, 6.6 Hz, 2/3 H), 7.58, 7.52 (2
d, 7.8 Hz, 1 H), 7.37 (4, 8.2 Hz, 1 H), 7.15-6.60 (m, 6 1/3 H), 5.17-5.13
(m, 1 H), 4.14 (br. d, 13.2 Hz, 1 H), 3.35-3.10 (m 3 H), 2.90-2.45 (m, 3




- 71- H, 1.70 (t, 6.9 Hz, 1 H, 1.60 (s, 6 H, 1.60-1.40 (m hidden),
1.40- +1.20 (m 2 H), 1.11 (br. d, 12.7 Hz, 2/3 H), 0.57 (dt, 43,713~
Hz, 2/3 H), -0.31 (dt, 4.3, 13, 2/3 H. FAB-MS: calc. Tﬁ]@$heetﬁasgeenk ace

C[err]H[err]N[err]Qerr] 474, found 475 (MtH, 60% .
caRE Ty " A
1(R)-[ (3, 4-di hydro- 6- met hanesul f onyl am no- 4- oxo- spi r o[ 2H

benzopyran-2, 4' - pi perdin]-1 '-yl)carbonyl]-2-(indol-3-yl)ethyl]-2- 10 _
am no- 2- et hyI pr opananm de hydrochl ori de The ti und
was prepared froma(R-[[2-[[(1, 1- -71- Tlh§9§ﬁ§‘?o

di met hyl et hoxy) car bonyl ] am no] - 2, 2- di et hyl - 1- oxoet hyl ] am no] - 1H

i ndol e- 3-propanoic acid and 3, 4- di hydr o- 6- met yhanesul f onyl am no- 4-

oxo- spi ro[ 2H 1H)edZApbyy, 619 Hz}' T H)par60i(s) & H),01.6041 49 Gnobidiends1.49-

(R (5 e ar‘h%%?mmizmh@ 2%5&2@%*)[ é@vo &,4.3, 13 Hz, 2/3 H),

benzopyr an- 2, 4+0. ilr(dﬁ,lﬂl?’n calc; for 85341)14%”]742 [[( 1,1
- di et hyI ({Qe;g) mno] 2- rret hyl pr opanam de. 20 [err]H
NVR (400 Msiz, err] cbrrpo nd exists as a mxture of conformers
(ratio 2:1): [err] 8.60, 8.36 (2 br. s, 1 H, 7.63-6.81 (m 8 H), 5. 20
(br. s, 1 H), 510502(brm1H)M§E_3I§(brmlH),325
310(br m2 , 2.97, 2.95 (2s, 3 H) ,275256(m1 , 2.28 (v. br.

i ddon) . 1 st%Mﬁ {3 rdinydro o-hepinestubonyanito F ppo-spiegi i Dy o 5"
H), 0.55-0.45 bemzapyran)2.4" idin$d @ncaabmyb]-Z{m %rmlﬂxyl]ﬂ}r
C[err]H[er%],N[@rd1 f,;_ 1

1
N-[1(R)-[( %%ﬁ ﬁhhggn—s‘pﬂ't&?ﬂ'———
benzopyr an- 2, 4' - pi peri d|'H!ie title cqmpoandova,& prepagachfrom SRR (1,12

?:B‘[Q?rfo?)ft“&m B @g‘ (22 i By R ;89"* w2
[err] 7.63-6. 9121 pnapanplqac @ %@ﬂ}ro-ﬁ- anesuifony} '

oxo-spiro[2H-1-benzopyran-2,4'-piperidine] followmg procedures
15 described in Example 10, Steps A and B.

HJ)

N-[1{R)-[(3,4-dihydro-6-methanesulfonylamino-4-oxo-spiro[2H-1-
benzopyran-2,4'-piperidin}-1'-yl)carbonyl]-2-(indol-3-yDethyl}-2-[{(1,1-
. dimethylethyloxy)carbonyljamino}-2-methylpropanamide.
20
1H NMR (400 MHz, CDCI3): compound exists as a mixture of
conformers (ratio 2:1): & 8.60, 8.36 (2 br. s, 1 H), 7.63-6.81 (m, 8 H),
5.20 (br. s, 1 H), 5.10-5.02 (br. m, 1 H), 3.45-3.30 (br. m, 1 H), 3.25-
3.10 (br. m, 2 H), 2.97, 2.95 (2s, 3 H), 2.75-2.56 (m, 1 H), 2.28 (v. br.
25 5,1H),2.18(d, 16.6 Hz, 1 H), 2.05 (d, 16.6 Hz, 1 H), 1.86-1.45 (m,
hidden), 1.51, 1.46, 1.44, 1.43, 1.42, 1.39 (6 s, 12 H), 1.30-1.20 (m, 2
H), 0.55-0.45 (m, 2/3 H), -0.55--0.65 (m, 2/3 H). FAB-MS: calc. for
C34H43N508S, 681; found 688 (M+Li, 40%).

30 N-JIR)-{(3 4-dlhydro-6-methanesulfonyla1mno-4—oxo—sp1ro[ZH-1-.
benzopyran-2,4'-piperidin]- 1'-yl)carbonyl]-2-(mdol-3-yl)ethyl]-2—
amino-2-methylpropanamide hydrochloride.

IH NMR (400 MHz, CD30D): compound exists as a mixture of
conformers (ratio 2:1): 8 7.63-6.92 (m, 8 H), 5.14-5.08 (m, 1 H), 4.18-



- 72 - 4.08 (2 md, 1 H, 3.62-3.51 (2 md, 1 H), 3.25-3.10 (m 2 H)/
(2 s

2.91, 2.89 , 3 H, 2.78-2.67 (2 dd, 2 Hz, 15 Hz, 2 H), 2.27 (d,
16.7 Hz, 1 H, 2.19 (d, 16.6 Hz, 1 H, 1.86-1.80 (m 1/3 H), 1.80-1.50
(m hirdden ), 1.60, 1.59, 1.48 (3s, 6 H, 1.40-1.30 (m 1 H), 0.47 (dt,
4.8 Hz, 13 Hz,- 2/3 H, -0.39 (dt, 4.8 Hz, 13 Hz, 2/3 H. FAB-Ms: calc.
for Cerr]Herr]Nerr]Jerr]S, 581; found 582 (MH, 75%).

EXAMPLE 14 10 NJ[1(R-[(3,4-di hydro4( RS) hydr oxy- 6- met hanesul f onyl am no-
spi ro[ 2H-1- benzopyr an- 2, 4' - pi peri di n] - b)car bonyl ] - 2- (i ndol §8991BY
yl)ethyl]-2-am no-2- net hyI pr opanam de The tltﬂe conpound
was prepared fromthe title conpound 5 in Exanple 13 following the -
procedure described in Exanple 11A [err]H NVR (400 MHz, CDlerr] QD):

conpound exi st 4083(211‘1!1!’1,)(16{)33062-?.51 (Qimd; b)) 3e25-3. 10 (m%%ﬂ)ea(zfﬂ |%89r|23r
e 00 (m CRSILETSEEIG UG T Ha, 151 3 1), 9.0 @ A4 HPHT 2 7

4.754.65 (m 124944, 16.6 dllH)z w6-19 Ou(m, 4¢3 H), 4 Sﬂ-l.ﬁﬂim,(luddea )5 He,

00 it BT, 00 .10 7 0401 ]
2.03 (dd, 60 0r1/2 ,

1.70-1.35 (m 6:2!9H35N§0681,581 fdux&i582(B¢B+H;L25‘7¢£)58 6 L 33 1.29
(m’ hidden), 1.06 (br. d, 13 Hz, 1/3 H), 0.71 (dt, 4.6 Hz, 13 Hz, 1/3

H), 0.49 (dt, 4.6 Hz, 13 Hz, 1/3 H), 021(dt 4.6 Hz, 13 Hz, 25 1/3 H),
-0.49 (dt, 4.6 Hz, 13 Hz, 1/3 H) . FAEXAMEE&I for
C[err]H[err]N[err]qerr]S 583; found 584 (l\/HrH 20% 30
o 10 NL[1(R)-{(3,4-dihydro-4(RS)-hydroxy-6. methanesulfonylamino-
spiro[2H-1-benzopyran-2,4'-piperidin]-1'-yl)carbonyl}-2-(indol-3-
Dethyl}-2-amino-2-methylpropanamide
The title compound was prepared from the title compound
in Example 13 following the procedure described in Example 11A.

15 1H NMR (400 MHz, CD30D): compound exists as a mixture of 2
diastereomers (1:1) and each isomer exists as two conformers: d 7.62-
7.50 (m, 1 H), 7.42-7.29 (m, 2 H), 7.17-6.98 (m, 4 H), 6.68 (d, 8.7 Hz,
1 H), 5.15-5.05 (m, 1 H), 4.754.65 (m, 1/3 H), 4.57 (dd, 7 Hz, 9 Hz,
1/3 H), 4.44 (dd, 6.5 Hz, 9.0 Hz, 1/3 H), 4.21-4.07 (m, 1 H), 3.56-3.44
(m, 1 H), 3.28-3.12 (m, 3 H), 3.08-3.01 (m, 2/3 H), 2.89, 2.86 (2s, 3
H), 12.82-2.55 (m, 1 H), 2.03 (dd, 6.0 Hz, 13.8 Hz, 1/2 H), 1.86 (dd,
6.0, 13.7, 1/2 H), 1.70-1.35 (m, 3 H), 1.33, 1.32, 1.31, 1.28, 1.24 (5s, 6
H), 1.33-1.29 (m, hidden), 1.06 (br. d, 13 Hz, 1/3 H), 0.71 (dt, 4.6 Hz,
13 Hz, 1/3 H), 0.49 (dt, 4.6 Hz, 13 Hz, 1/3 H), -0.21 (dt, 4.6 Hz, 13 Hz,
1/3 H), -0.49 (dt, 4.6 Hz, 13 Hz, 1/3 H). FAB-MS: calc. for
C29H37N506S, 583; found 584 (M+H, 20%).

20
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N[1(R) ~f(2-acetyl-1 ,2,3,4-tetrahydrospirof[isoquinolin-4,4"-piperidin]-
1' -yl ) ca®@bonyl ] - 2- (i ndol - 3-yl ) et hyl ] - 2- ami no- 2- net hyl pr opanam de,

hydr ochl ori de Step A 1, 3-di hydro-
1,3-dhhydroxyspiro[4FL2-benzofuran-4,4'-
pi peridine]-1'-carboxylic acid, 1.1-dinetethylethyl ester

To a stirred sg_l_u_t | on of _spi| ro[ 1H i ndene-1, 4' - pi peri di ne] -
1 carboxyllc acid, 1,1- dlnethylethyl ester (800 ng, 2.8 mmol) in

met hanol eeaﬂasBmseplmb bubbl ed ozorg until the sol utionigkguopsy
bl ue. The mx tand at that tenperature for 20 mnutes
t hen purged D| met hyl sulfide (3 nL) was added and the

m xture was war me o roomtenperature and stirred for two hours. 15

Evaporation of the solvent gave a cr M_EQLS,(MO nmg) which was used’
wi t hout purlflcatlon Step B:

1,2,3,4- tetrah ros ro I soqui nolin-4,4"- |per|d|ne

carboxylic aci [IL( 1%;2»914-@‘&)' 98p1r0[180qum01m-4’ﬂh@1p¢ménﬂed| ate

of Step A (1001ny ?mxg; 200h rfh}:ﬂﬁg
ammoni a fos oné ) ol llerzg 92?(20)’1)‘3@?% rerrltl)f\?gzamm [ The re5| due was

redi ssol ved i nZpHeEE 3 vy 0,
excess) was added. The mxture was stl rred over ni ght Evaporat|on and

purification g , ?461, gglge T efﬁlﬁhygﬁiéyds%%MZ fh%_& {,er r] .

7.35-6.96 (m %
gimetnvief

H, 2.05 (br. s, 2 H), 1piperidine-1'-carbaxylio_asid

ol per i di nekiol - gar hoxyli @Z%ﬁﬂ*ﬂ%? . 5Es ?ﬂ*ﬂ Wﬁﬁé~159gﬁiﬂ%ﬂd:ﬁe]4 4

The i nt er nedi at1ec dSQﬁtmgs 28 l1}§§115’1)<1Fiﬂne (2 m)
and acetic an hﬁigﬂlﬁ%l( O%L)faﬂr-78°COWa§ lﬁﬂﬂ'}léd] Bzone unfit &8 solutionfuned vas
eveporated 1N pifeoThe n%i:i or ot Sl Sani1 that tenspumAia ot 20 Aites,

ﬂlen purged with nitrogen. Dimethyl sulfide (3 ml.) was added and the
mixture was warmed to room temperature and stirred for two hours.
Evaporation of the solvent gave a crude product (940 mg) which was

used without purification.

15

Step B: 1,2,3,4-tetrahydrospiro[isoquinolin-4,4'-piperidine]-1'-
carboxylic acid, I,L-ghmeghylethyl ester
20 The intermediate of Step A (100 mg) was stirred in
methanol (2 mL) saturated with ammonia for one day, and evaporated
to remove ammonia. The residue was redissolved in methanol (3 mL)
and sodium cyanoborohydride (50 mg, excess) was added. The mixture
was stirred overnight. Evaporation and purification gave the amine.
25 1H NMR (400 MHz, CD30D): § 7.35-6.96 (m, 4 H), 4.00 (s, 2 H),
3.14
(s, 2 H), 3.90 {br. s, 2 H), 2.05 (br. 5, 2 H), 1.95 (br. t, 2 H), 0.69 (d, 2
H), 149 (s, 9 H).

30 StepC:  2-Acetyl-1,2,3,4-tetrahydrospirofisoquinolin-4,4'-
piperidine]-1'-carboxylic acid. 1.1-dimethylethyl ester
‘The intermediate (16 mg) from Step A was treated with
pyridine (2 mL) and acetic anhydride (2 mL) for 2 hours and the
reaction mixture was evaporated jn vacuo to afford the desired
compound (12 mg). )



[err] HHNMR (400 MHz, CDCl[err], conmpound exists as a m»@ureoi 31T

rotamer®: [err] 7.36-7.05 (m 4 H, 4.72 (s, 2/4 H), 4. 6/4

4. 10- 4.00 (br. d, 12.8 Hz, 2 H), 3.85 (br. s, 3/4 S %ed

H, 311 (t, 13.1 Hz, 3/4 H, 3.00 (t, 13.1 Hz, 1/4

H, 2.18 (s, 9/4 H) 2.00-1.80 (m 2 H), 1/65-1.47 (m

1.47 (s, 9/4 H, 1.45 (s, 27/ 4 H). Step D

2- Acetyl -1, 2,3,4-tetrahydrospirotisoquinolin-4,4"- 10

pi peri di nel To a sol uti og,0f mternedlatefroir% (12
ng) in ethyl acetate (5 nL) at O[err? was bubbled HO (g §? until it
Is saturated. After 30 m nutes, the reactlon m xture was evaporated in
vacuo to afford the desired internediate. [err]H NVR (400 Mz,

CDf err] OD): [eﬂHNMIU( BC’I‘% ; comp8ufid existéhs a mixtuid 863(1s, 2 H),

S T al \rctans 7.5 B et Hb ad b5, T4, B dso6i BY) 2.0 (¢

100% 20 Step(d (br. d, 12.8 Hz, 2 H), 3.85 (br. s, 3/4 H), 3.65 (s, 1/4 H), 3.11 (1,

s L R L hoey éésﬁ 3330 AR, A KO OB 9 1D, 2.18 5, 9/4 B)
EL[ ?1 pllpglr FTSIt ES&I{)ﬂl—;l;%Syﬁ)gm) Q%Ihﬁg)dﬂgﬁ}h&v r(u},I ZH%),% A7 (s, 9/4 H), 1.45 (s,

propanani de Titl e conpound was prepared fromthe
i nternedi ate f?'z/rﬁlz'g Step D according to the procedures described

previously. EXAMPLE 16 N[1I(R-[1
, 2-dl ydro-1-ne Ifo Rbf8b4#nvlin-4,4'-

1 -yl ) carbonyl g& eny ogy) et hgl ]-2- am no- 2--

met hyl pr opggam de hydr o Qt ep—A. et-hy

a(R-[[2-[[(1, 1 di met hyl'bea%mﬁ lﬁmdi@ﬂe:froms C(lng)methyl

2, 2-di met hy| - tgfqoﬁ o'y s‘i%“t?]waé babbRd HCI (ggs)o&*{ﬁ”% id saturated. After,;

met hoxy] pr opanfe&
30 minutes, the reaction mixture was evaporated in vacuo to afford the

desired intermediate.

1H NMR (400 MHz, CD30D): 8 7.47-7.19 (m, 4 H), 4.79 (s, 2 H),
3.96 (s, 2 H), 3.36 (br. d, 6.7 Hz, 2 H), 2.30-2.24 (m, 1 H), 2.21 (s, 3
H), 1.76 (d, 13 Hz). FAB-MS: calc. for C15H20N20, 244; found 245
(M+1, 100%)

15

20 StepE: N-[1(R)-[(2-Acetyl-1,2,3,4-tetrahydrospiro{isoquinolin-
4 4'-piperidin]-1'-yl)carbonyl]-2-(indol-3-yhethyl]-2-
{[(1,1-dimethylethyloxy)carbonyl]amino]-2-methyl-
‘propanamide
Title compound was prepared from the intermediate from

o5 Step D according to the procedures described previously.

EXAMPLE 1

N-[1(R)-{1,2-dihydro-1-methylsulfonylspiro[3H-indole-3,4-piperidin]-
1'-yDcarbonyl]-2-(2",6'-difluorophenylmethyloxy)ethyl] -2-amino-2-
methylpropanamide hydrochloride

Step A: methyl a(R)-{[2-[{(1,1-dimethylethoxy)carbonyl]amino]- '
2,2-dimethyl-1-oxoethyl]amino]-3[(2',6"-difluorophenyl)-
methoxylpropanic acid

30




Ol free-sodiumhydride (prepared from 60%—6+-|——d|—5—|9%l1$4—9n of sodium
hydri de Wy washing with hexanes (3X), 1.2 O l e), suspension in
30 nL NN-di met hyl f or mam de was added N-t- 5 Wﬂ ??nyl (D)-serine

(3.07, 15.0 mmole) in 10 nL NN dlneth roon1tenperature
When no nore gas evol ves 2,6-dif|orobenz 68 g, 12.9 mmvol e)
was added. After 18 hours stirring at roomtenperature, iodonethane
(1.0 nL, 16.0 nmole) was added to the reaction mxture. The m xture was
stirred another 1 hour, and then poureg into water, and extg&g?ggYmnth
ethyl ether. The organic layer was washed sequentially mnt (5X),
brine and dried over sodiumsulfate, filtered and concentrated. The
resi due was di ssolved in 20 m of chl orof ormand BOC a- nethylalanlne
EDC, HOBT, and Et 3N @4l freetkibalium hydrde (propared drom 0%eoil dispersion he

chioride. The SEoURRRY ﬂ%ﬁ&%@é@ﬁ@?%ﬁ%ﬁ%ﬁ %@mf@w

concent r at ed. m@mmmmaﬂpnhﬂmwhylfommdemmd t-ﬁ-on by

chr omat ogr aphy [err]H
NVR (300 Mz %{jgfu@?ﬁ é%ﬁidro Bgﬁge 6. 88
(m 2 H, 4 95 Hformamide;at rapm gaSﬁ)VOlVCS 3. 90

(1m411( 'S'l) 9H5°> 782(@-cﬁﬂbﬁobeﬂz§9bfém1& UZ.GSJg 482 9smnible) wais z&fdeﬁs After)18

N TL(R [ 1, 2- obRYSY SERINg a5 JPSm ORBeIaHIE. jodempiane. (1.0 mL, 16.0 mmole)
3, 4' - pi peri di njwas added toatleoreactiof-rhixttte. dTIhbunmtpmwds stirred another 1

A sol et one g DhiE; L RRE DA 1l ShAKS it eptracted with efhyl efhédl PR 21! €
(2.37 g, 51§ 9 erganip layerswasiwashedesequantially svith seater { XD,Lhmnean rr;mmbxu de
(340 my, 8.1 Wﬁ%ﬁkeﬂﬁtﬁ‘smfag 188 and ¢ ncgdce%tx*ai*é%s'rhe resi §9 at room

Lrpenatar e\ dfesoread n 30 ol of Chlorator #Hd BOC-einethylalaye, G, | U1
di scar ded. _TheHOBI und Bl weee gl i i . A L vas.
dri gd over 1§odr¢:?rﬁt{35 ’F’é%%lfef‘?'?sc E&é@% 15&‘31 v@iﬁ%@ﬂ Pﬁ’@&tﬁd Wi me%hyla
- 76 - chloride. The organic layer was dried over sodinm sulfate and

concentrated. The title compound was obtained after purification by

chromatography, (hexane/ethyl acetate:3/1) to give 2.37 g (35%).

14 NMR (300 MHz, CDCI3 mixture of rotamers): 7.27 (m, 1 H), 7.02-

6.88 (m, 2 H), 4.95 (m, 1 H), 4.72 (dt, 8, 3 Hz, 1 H), 4.58 (br. s, 2 H),

20 390 (m, 1 H), 3.78 (s, 1 H), 3.69 (s, 3 H), 1.48 (5, 3 H), 1.45 (s, 3 H),
1.41 (s, 9 H).

Step B: N-[1(R)-[1,2-dihydro-1-methylsulfonylspiro[3H-indole-
3,4"-piperidin]-1'-yl)carbonyl]-2-(2',6'-difluorophenyl-
methyloxy)ethyl]-2-amino-2-methylpropanamide
hydrochloride —
A solution of the intermediate obtained from this Example,

Step A (2.37 g, 5.29 mmole) in 30 mL of methano! was added lithium

" hydroxide (340 mg, 8.1 mmole) in 3 ml. of water. After 2 hours
stirring at room témperature, the reattion mixture was concentrated,
and then diluted with water, extracted with ethyl ether, The organic

layer was discarded. The aqueous layer was acidified with 1 N

hydrochloric acid to pH=1.5 and extracted with ethyl ether (3X). The

organic layer was dried over sodium sulfate; filtered, and concentrated

25
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to give~2.18 g (95% of acid. The title conpound was prepared from
acid (78ny, 0.18 mmdle), and 1, 2-di hydro-1-net hyl sul fonyl spiro[ 3H
i ndol e- 3, 4' - pi peri di ne]lbystmakslméﬂMac(eéio ng, 0.165 nmole) by the

procedure described in p B (use hydrochloride in ethyl
ether instead of triflug to glve 48 ng (449 . [err]H NWR
(400 MHz, CD[err]OD m x rs 39(m 2 H, 7.22 (m 1

1/2 H, 7.03 (m 3 1/2 H), 514(dd 13 7Hz ,466(d 16 Hz, 2
. 4. 49 1 H, 4.09 1 3.92 (b . 3.76
5?25 (m (1rrn|) 2%7.(5, 352]H),H)2 96 (s, ( ;7 2 87 (m 1(rrn|) %§§%813% 1

10 H), 1.76 (m 3 H), 1.61 (s, 3/2 H), 157(s 3 3/2 H, FAB-MS: 565
(M+1). EXAMPLE 17 15 N[1

(R -[(1, 2-di hy%@ﬂeﬂ@%ﬁ%@%ﬁﬁﬂ' V'Pﬁéﬁﬂe%&ﬁa nﬁndwéﬁ aﬁ%d’l’rom 1

hyé'r{.,ﬁﬁ{ 2?,“5'; ack e a1 aodxﬁyg}ao- ympe&? st ersplro[BH-

t - but yl oxycar binddle{3I#“piperiding a58nigs 0.165 mmole) by the A

o [on o mgwggs@mnamgwgmm@wgmzphere

for 16 houfs. Eﬁmrmmeadmﬁmﬂmamtmacld) tolgmﬂd-smg {44%pnd the filtrate

concentrat ed am LoD M?:{gfl@ﬁ ) 72%
o n. 1 a (s m, i%%w% (n@l b 372 805, mﬁi 3.7 Hz T B b S6Ad, 16ensy! "
[err](R-[[2- [Hzl.'ZlH 4149 (y ] PWW@iﬁpqnﬂ)gggﬁqfﬂx’ S, }9 3.76 m,ZH)

n iof'h?‘.eéﬂ;%f 38 @%ﬁ};ﬁ% RS, 20605, 374 Hh 208700 0HR), 4,9 R

over PtQ2 BB, A176>anh37H), 161 15, JCED, 1 F7e(syB:3/2H), FABAMS S6er ed

t hrough celite gll)concentrat ed. To this residue (44 ng) in 15 nol DMWMF
was added benzg?ﬂ' bmde (198 m) and Klerr]CJerr] (970 ng) at room
tenperature. After stirring overnight, the m xture was poured into 200

m of ether and washed with water. ngcl'phase was

15 N{1R)-{(1,2-dibydro-1-methylsulfonylspiro[ 3H-indole-3,4"-piperidin]-
"-yDcarbonyl]-3-cyclohexylpropyl]-2-amino-2-methylpropanamide
hydrochloride

20 Step A: -] C 1-(D)-hexahydrohomophe

A solution of t-butyloxycarbonyl-(D)-homophenylalanine
(100 mg, 0.358 mmole) in 1 mL acetic acid was hydrogenated over
PtO2 at one atmosphere for 16 hours. The mixture was filtered
through Celite and the filtrate concentrated and azeotroped with toluene.
1H NMR (400 MHz, CDCI3): 5.03 (d, 8 Hz, 1 H), 4.22 (m, 1 H), 1.82
% (m, 1 H), 1.64 (m, 6 H), 1.41 (s, 9 H), 1.20 (m, 6 H), 0.84 (m, 2 H).

Step B: benzyl o R)-[[2-[[(1,1-dimethylethoxy)carbonyl]amino]-
i 1-oxoethyllamino]-4-cyclohexylbutanoic acid
A solution of BOC-D-homaphenylalanine in acetic acid was
hygrogenated over Pt02 at one atmosphere for 16 hours. The mixture
was filtered ﬂirough celit_e and concentrated. To this residue (44 mg) in
15 mol DMF was added benzyl bromide (198 ml) and K2CO3 (970 mg)
at room temperatare. After stirring overnight, the mixture was poured
into 200 ml of ether and washed with water. The organic phase was
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-77 - dried over MgSH4, filtered and concentrated. The residue was
purified> by flash chromat ography (silica gel, 7.5%ethyl acetate in
hexanes) to provide 534 ng (95% of this intermediate. A solution of
534 ny of ~this material in 10 mM 1:1 TFA/CH err]C[err] was stirred for
1 hour then strl ed and azeotroped fromtoluene. The residue was

di ssol ved in 10Thls hee @ [err] and cooled to O[err]C.

BOC-[err] - met hyI HOBT and NWM wer e added and .

stirred overni gh was ed into 250 m ethy

and washed sequenti aI ly w t h Naquqﬁ rl (aq.), water andi&med
aqueous NaHCO err]. The organi c phase was dried, filtered and
concentrated. Purified by flash chromat ography (silica gel et hyl

acet at e/ hexanesdné‘po% gsg@gﬂ d’fa%\d ﬂc@ﬁtﬂatéd dd H

200 ]
(N %R (19 H) e %(Oﬂaicg mtogapg%alhmézl iﬁ‘i @ilhﬁﬁtats mélwea) "y ﬁ)
6.96 (m 1 H) 3&1 884m 95%-)%1’”&@%&%&1@&%1‘ 0.1 solutlon of 534 mg of

N IR L (%2 ﬁﬂiérihnla fomlHACTEAGHAC Mvas atired 3571 Hour then

3,4' - piperi d| n]sﬂ'lpp@!dhndrmmpeﬂ froml tolheene. pThey'bSIdﬁe was dlssolved in 10

?r!rgn 219 'tzhrem;[ E%ller n‘eg}gelgﬁ?ﬁlal ne%awr? qéeBé)C‘a'metha{lil&Bme é}qﬂ ?%/ géﬁ(:)’nGsS

carbon was sti rhf 'IiandrNMMawenmaddedan stirzeidrovemights oFhe sehution wake

m xture was fil 5 D49 Ml i ashed kb ﬁéﬁﬁ' entrat ed.
o (7 e Akt g ted sk NAACOs. e gt 1 ¢
sul fonyl sgg’? o[ edo&@dﬁe& ﬁltemraﬂd@enbdﬂ&mal Pudfied Hylasly HOBT

r“fritﬁﬁf’eicé‘?it ittty GRS AR, o] PR RIS BS8 8%

and saturated adheditlescoinpoah rr] The organi ¢ phase was dri ed, flltered

and concentrat f( row @g%ﬁnrg) gg{a_pﬂphﬁjj | lﬂel7 H?Of/q

t hyl t at / h .
L 2o e et 18 B30 Bulti(me 2206 1. 591 E B FOART Kan LFD) 518 Gen, 21 od
for 1 h gbq q @Sﬂﬁﬁ, tH pF?EBQVIS was purl fied
by flash | i g}gféd 5
S err]a [Zfr]g g) o 'dc&lgg vEED) a0 e”ﬁre (aqg.)

Step C: N-[1(R)-[(1,2-dihydro-1-methylsulfonylspiro[3H-indole- -
3.4"-piperidin]-1'-yl)carbonyl]-3-cyclohexylpropyl]-2-
amino-2-methylpropanamide hydrochloride
A mixture of 638 mg of the intermediate obtained in Step B

and 100 mg of 10% Pd on carbon was stirred under a balloon

containing H2 for 4 hours. The mixture was filtered through Celite and
the filtrate was concentrated. A portion (87 mg) of this residue was
dissolved in 2 ml CH2Cl2 and 49.8 mg of 1,2-dihydro-1-methyl-
sulfonylspiro[3H-indole-3,4'-piperidine hydrochloride, EDC and HOBT

were added and stirred for 16 hours. The solution was poured into 200

ml ethyl acetate and washed sequentially with 1IN NaHSO4 (aq.), water

and saturated aqueous NaHCO3. The organic phase was dried, filtered

and concentrated. Purified by flash chromatography (silica gel, 60%

ethyl acetate/hexanes) to provide 55 mg (47%) of this intermediate. All

of this material was dissolved in 2 ml 1:1 TFA/CH2CI2 and stirred for

1/2 hour. The solution was stripped and the residue was purified by

flash chromatography (silica gel, methanol, NH4OH(aq.), CH2Cl2).
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-78 ~ The conmpound was then dissolved in CHerr]CJ[err], treated with
HC in efher and concentrated to provi de the title.conpound. [err]H
NVR (400 MHz, CDlerr] OD): 93(m 2 , 1.15-1.3 (m 6 H), 1.55- - 1.8
(m 1H)——296(dt—-15-4Hz , 288(m 1 H, 2297 (m 1H), 3.35

(m 2 Tss% 451(m lH) 4.83 (m 1H), 7.06 (q, 7 Hz,
1H), 7. 22 ) FAB- M5 cal cul ated for
CZ7H42N404 19 7 (MH—I) EXAMPLE 18

( METHOD 1) R -[(1
, 2- Di hydr o- 1- net hanesul fonyl spiro[ 3Hi nd5|7¢,§- 3, 4 pi per di n]18§QgIBY

-yl') carbonyl | - 2- (phenyl net hyoxy) et hyl ] -2-am no- 2- nmet hyl propanam de
hydrochl ori de 15 Step A 1,2-D hydro 1

- met hanesul f onﬂ‘lwmgadndm thes dissolved in CH2Cl2, treated with HCl in ether
plperdlne]hydroc oride a solutlon of 1.20 g (5. 8mmol)

of 1I"-methyl- fﬁ‘ﬁ i per di ne prepared as
described in HIH CD%D)CE%(leQﬁ)ZBlSQBi-(ﬁBéﬁ) -m_ of

?r;r)tl)l ) e O%ﬁéﬂiﬁﬁ&@ ﬁ@hhgf ngz,( g% 2:‘#_3 ?@&mwgﬂg?sﬁ}r r ed for

30 Thé3 35z(m,|2)H)rrB)8-4:b(ma§ H&,utﬂ'éd (Im,t 5483 (m, $E)u7Q6efg,aqueous

SOdI um b| car bom}%uqlﬁ l_%;chl or onet hane (2X10 25
The conbi rd over
anhydrous pot a?&‘g‘g g&égn&ﬂé%ﬁ under

reduced pressure to yield 1. 44 g of the nmet hanesul f onam de derivative
as pale yellow oil which was us t r 6 To
a solution above crude prod - 30 di chl or oet hane at
O[err]C was added 1.0 nL (9.30 mmol ) of 1-chl oroethyl chl or of or mat e,

Feaction i xt urELARIT( DR At atoy Rpib SR indote 3, ' (1ig
vol ume and themupbndlm]:-al'-yl)caﬂmnyrllZa(TPMHylmeth}duny)eahﬂ]-}aImnO{-er ed for
d

1.5h. The react&f ‘j' S oTeTol hg@drcentrated to ° approxi mately
one half of th& Vvorune FWas—frrrered and

> StpA:  1,2-Dihydro-1-methanesulfonylspiro[3H-indole-3,4'"-
piperdine]hydrochloride

To a solution of 1.20 g (5.8mmol) of 1'-methyl-1,2-
dihydro-spiro[3H-indole-3,4'-piperdine] (prepared as described in H.
Ong et al J. Med. Chem. 1983, 23, 981-986) 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
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.

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
refluxed for 1.5h. The reaction was cooled to RT and concentrated to
approximately one half of the volume. The precipitate was filtered and
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- 79 -y washed with a small volune of cold nethanol. This yiel ded 1. 0
g of thes pi peridine HCO salt as a white solid. The filtrate was - -
concentrated and a smal | vol une of nethanol was added 'fmglghgey\ﬁg ced
et hers The precipitated material was once again fil tere

cold met hanol , and dried. This gave an additional O. 49 ﬁgi ed
product. Total vyi eId 1.49 g (70%. [err]H NMR(CDCl [err]?

7.43-7.20 (m 3H), 7.10 (dd, 1H), 3.98 (bs, 2H), 355340(bd 2H) ,
3.35-3.10 (m 2H), 2.99 (s, 3H), 2.15 (t, 2H), 2.00 (t 2H) ep -
BE N[ 1 (R-[(1.2-Dihydro- 1 -net haﬁeéSTfonyl spi 1o 3H i ) J88991BY

3,4' -piperdin]- 1 '-yl)carbonyl]-2-(phenyl nethyl oxy)ethyl]-
2-[(1,1 -di et hyl et hoxy) car bonyl ] am no- 2- et hyl - 15
propanam de  washed with a smallovdlunifedof doldmerianbl.oThis yielded 1.0 g of the

Carbomy] s mo. PipSTmE RS ] i wmd filtratewas sopgentrated and a |\

of di cgl ?)romet rsamad ] wolumel | bwe&hyfeﬂlqtl s'Ilheo
3H 3,4 0.18 20 nL
(3 63" ol s of H@%@?ﬁ?@%ﬂ%ﬁ“ﬁ?@&%@ aﬁ ) washA i dold!
hydr oxybenzt r i aaethap B'i/]ﬂ)d drieds (This gave an adslitional @A g of the desired 2
g})l ?\I—V\rrlgfhafj(rjrg(rjgi ?ﬁﬁﬁ% %'gﬁplqgﬁgéq Zef orolh4 An addlrt [ opal CGP pL
m xture wzts po &E %m Z ?@M?ﬁlm@ géﬁ]

separated. The (bs,gzﬁ)csmy@mofm REE) SB35 10 bmy2EDY, 209% K, BHRARIS (¢,

hydrochl oric am f saturated aqueous sodi um bi carbonat e
sol ut’i on. ? ics were dried over anhydrous magnesi um
sul fate, and concentr at ed to yield 0.627 g of the product as a yeI | ow

f whi ch h
((ia(r?? H;TI(;| )ngS S%\émof/ewpiom: (fllfféhggm_?%ethangsu]ﬁ?%ylsggsﬁ%ne was added
1.0 nL of trifluoroaceti 3 hdnperdinl-di-ylicatbonyl]-2-(phenyimethylomyiethadl-

addi tional 1.00 mL of tropffpop. eﬂjgkmgkg%mny]]amm&l rred for

10 mn. The reaction m xture vvas oncentra diluted with 5.0 nL of
di chl or onet ane and care 10%

aqueous. sodium car bonat e'I?sJOI)GSgO(rLISMnol) of (2R)-2-[(1,1-dimethylethoxy)-
carbonylJamino-3-[2-(phenylmethyloxy)ethyl}-1-propanoic acid in 13
mL of dichloromethane was added 1,2-dihydro-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
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
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
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
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- 80 - organi c | ayer was separated . and_the _aqueous.-|ayer was further
extracted with 2X15 nmlL of dichl oronet hane The conbi ned organics were
washed with 5 nL of water, dried over &} e, filtered and
concéhtrated to give the 0. 486 g of the ht yellow foam -

whi ch was used wi t hout purification. 0.486 g (1.01 mmol)
of the am ne and 10 ni of di chl oronet hane was added 0.26g (1.28 nml) of
2-[(1, 1-di et hyl - et hoxy) car bonyl | am no- 2- met hyl - propanoi ¢ acid, 0.173 ¢
(1.28 mmol) of, 1-hydroxybenztiiazol e (iggBT) and EDC (0. 245 g 89 fﬁYm)l)
and stirried at RT overni ght. The reacti"on mi xture was pour gﬁ 5.0
L of water and the organic |ayer was separated. The aqueous | ayer was
back extracted with 5 mL of dichl oronethane. The conbi ned organics wer e

washed with 5. @rginicflagebivazpeparated ndddhs laqueousdaybr wasfurther extsattedat ed

Ui Tats, “and cOMEBARE B of WbhlonbBbidte, °The cRRIPER SreanicRET o7

yel | ow f oam Awashedi withd§ mlhuofwamedmdawcrpomsmummamb@mmeﬁh@'md was

h t h
ﬁeiggs?gigfoﬁgﬁg%‘ﬁﬂig €?§ % £ amine %ﬁthgﬂt%llow foam

hexanes/ acet on&vhichrvas Th| S gave 0 63 g of the title
conpound as a white soli T00485 jml‘ﬂﬂ(ﬂp@f&ﬁé mrgfound exi sts

3:2 4 1/ 3H),

25 8 52 0 X g e am?‘}ﬁe«zbésg ot

i/l_%i-l)él 238(2b((jtem )carbondyl ganmc atad,cnaﬂag(l.‘ﬂﬂ)mgo (1251

2.87 (s, 1_1[12 E’féghg t %%‘%ag"%f%gﬁ? e @ﬁ(%%@%%@?‘& 2.75

(m 1H . 1.82- stisded at R oveynight.55he mctmnmmtummpmu 0

2H), 1.39 (s, 1

VSISO ter aP ?‘o‘i-gatﬁ aqueous layer was
AT RIE R, oy T S i oot e

2- ani no- 2- et hw&&mﬁﬁﬂﬂ@r}ﬁﬂ‘ém'ma@mﬂsh drochlonci@ld) 5&?&’(0 101

nmmol ) of the mtern&&ate from,Ste of , di hIorgHﬁ Bane
The

added 2.5 nk ofalurg lﬁﬁ‘@é’%tspél%

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/dichloromethane (65/30/5). This gave 0.63 g of the
title compound as a white solid.
1H NMR(CDCI3, 400MHz) Compound exists as a 3:2 mixture of
rotamers & 7.40-7.10 (m, 6H), 7.06 (d, 1/3H), 7.02 (t, 1/3H), 6.90 (¢,
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 (5,-4H), 1.42 (s, 2H), 1.39 (s, 9H).

20
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Step C: N-[1(R)-[(1,2-Dihydro-1-methanesulfonylspiro[3H-indole-

30 3,4"piperidin}-1*-yl)carbonyl]-2-(phenylmethyloxy)ethyl-

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



-81- an oil, taken up in 10 nL of ethyl acetate and washed with 8 nL
of 10% . aqueous sodium carbonate sol ution. The aqueous | ayer was
further extracted with 5 nL of ethyl acetate. The conbi ned organics
were - washed with 10 nL of water, dried over nagnesium sulfate,
filtered and concentrated to give the 0.512 g of the free base as a
white foam To 0.512 g of the free base in:5 nL of ethyl
acetate at 0C was added 0.2 nL of saturated hydrochloric acid in ethyl
acetate and stirred for 1.5 h. The i,te precipitate was f%gpiﬁﬂ.
under nitrogen, washed with ether, afd dried to give O. 501§ e
title conpound as a 10 white solid [err]H NVMR (400VHz, CDO err] QD)
Compound exists as 3:2 m xture of rotaners. [err] 7.40-7.28 (m 4H),

7.25-7. 17 (M 2H)oil, takén Up inlI G WL of eyl acetate'andiwished FiPSGAL df £0%
{10 (00 0 bl sty T i i
2.90-2. 78 (m edractedWit S il Afethy] et SThecorifined obfanics were, 21,
N[1(R) -[ (4 2- Bashadvith 19 %8&1’?‘8%‘!?}%@%@%@%8’%; ke Hiitered

pi perdi n] - - y ahd conicontraedto giverthe @5 1% tfirge bage asiarwhite foam.

nmet hyl propanani de hydroc

| ‘ﬁ.'szz of the ﬁa@%a@% 5 L of ethyl acetate at 0°C
(2R -[[[-2-(1, 1-di net hyl ethoxy: cgo\r on amnoj-2,2-

di net hyl - 1- oxoxasyadded G.2- acid in ethyl acetate and
Propanoi ¢ acid 'fo?SLS™h. The white precipitat€wifiRerdd Gfider nitrogen,
2R)-2-[(1, 1-d et P .
bt o3 o ﬁnyh@lﬁé i POy, And e i giv.9.50.8,0f the (e gorgpomd ps 2
carryi ng out. tixhhiteosglid ng reaction in CH.err]Cl[err] in the presence of EDC
30 and DVAP. ] 5. , 5.8
(m 1k, 5 2 (JHNMR GOMNHZ £1930D), Edndiiid exisiy 4 3:2 dirdife o) >,
(dd, 2H), 3.9 totamers)d B468-7.28 (ng,odH),'HR5-1.175ng,L2. 081(t33/3H), 1op.
{t, 1/3H), 6.80 (d, 1/3H), 5.16 (ddd, 1H), 4.60-4.42 (m, 3H), 4.05 (t,
" 1H), 3.90 (bs, 2H), 3.83-3.70 (m, 2H), 3.30-3.15 (m, 1HO, 2.97 (s, 1H),
15 995 (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 1 oD 2

20 N-1(R)-[(1,2-Dihydro-1-methanesulfonylspiro[3H-indole-3,4'-
piperdin]-1'-y1) carbonyl]-2-(phenylmethyloxy)ethyl]}-2-amino-2-
methylpropanamide hydrochloride '

Step A: (ZR)-{{{-2-(1,1-dimethylethoxy)carbonyl]amino]-2,2-
25 dimethyl-1-oxoethyljamino-2-(phenylmethoxy)ethyl]-1-
propanoic acid allyl 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 CH2Cl2 in the presence of EDC
30 and DMAP.
1H NMR (400MHz, CDCIi3) § 7.25 (s, 5SH), 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).

This Sheet Has Been Replaced

Ll



-82 - Step B: (2R) - [[[ 2-(1, 1- d|nethylethoxy)carbonyl]an1no] 2, 2-
di methyl - 1 -oxoethyl] am no-2-(phenyhnethyl oxy)ethyl)- 1-

propanoi ¢ acid To a stirred solution of the crude

i nt ermedi ate obtained in Step A (6.7 g, 15.9 mmol ), tetrakis

(triphenyl phosphine)-palladium (1.8 g, 0.1 eq) and, triphenyl phosphine
(1.25 g, 0.3 eq) was added a sol ution of potassi um 2-et hyl hexanoate
(35 ML, 0.5Msolution in EtQAc). The reaction mxture was stirred at
room tenperature under nitrogen at nos Qgre for I h and thenlgsbgngq-mnth
ether (100 nL) and poured into ice- mater The organic | ayer "Was
seperated and the aqueous fraction was acidified with citric acid

(20%, then extracted with Et OAc. The Et OAc extracts were washed with

brine, dried oBtepB: naﬁﬂﬁ}{ﬂﬁl{hﬂﬁdhneﬂ@mﬁhﬂxfﬁmﬂmﬁudknnnnﬂbﬁﬂkto gi ve

3 T O L 1

(d, 6H), 1.3 (s, 9

ARSI 2] b hydf5 o giﬁg ( ﬁﬁbﬂneaﬁte obtained in
| perdgin no en - ‘
2-2( E E - di rre @ & lﬁ:a 32 i; ?1 e)-palladium (1.8

propanam de and tripheayd il&r(lgls B, Ome@ﬁwﬁé added)a eblution
L mechi apesul ;ﬁgmg,m.fp@;ﬁ Bas gelc’slmx, 38 bShittn Y IOAN it

-di n’:at hlyi et hoxygacdidmomikiurei was sﬁrmdomrmdmylbe enaure under nitrogen |

oxoetl am n [

nnrphorlne ggﬁﬁ@ﬁR§@§E¥Q$ﬁﬁ§P andHqiitﬁ’)CTCJI‘;Wﬂ)l |azo fp@ﬁ#ﬁﬁ@& (0.58
g, 3.78 rrrml) mte ise-watess Ty ew@ddmbb e aquequs. 03 g; 5. 20
mol ) and stir fedtish Ws%@fdlﬁéh ane a%égﬁ%ﬁ%%‘iﬁ&xexmd%wﬂﬂ ut ed with

an additional rone t h, agyeous sodi um

bi car bonat e so% m%ﬁ %ﬂﬁe rﬁl’é&g OVEh sul fate,
filtered, and ﬁmm@ilﬂﬁtsﬁ!fatﬁﬁhéred and@h{ btthé@itte Sotnpoandels) of
t he crude oily r%fdQUe gave 2.148 ¢ 90% of the desired material as a

col orl ess iga
1H NMR (400Hz, CD3OD) 8 7.3 (s, 5H), 4.7 (m, 1H), 4.5 (s, 2H), 4.0
(m, 1H), 3.6 (m, 1H), 14(d 6H), 1.3 (s, 9H).

Step C: N-{1(R)-[(1,2-Dihydro-1-methanesulfonylspirof 3H-indole-
3,4'-piperdin}-1'-yl)carbonyl]-2-(phenylmethyloxy)ethyl]-
2-[(1,1-dimethyl-ethoxy)carbonylJamino-2-methyl-
propanamide
To a solution of 1.0 g (3.44 mmol) of 1-methanesulfonyl-

spirofindoline-3,4"-piperidine] hydrochloride, 1.44 g (3.78 mmol) of

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

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

‘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 50 mL of dichloromethane and washed

with aqueous sodinm bicarbonate solution (50 mL), dried over
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.
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- 83- [err]H NVR (CDCl [err], 400MHz) Conpound exists as a 3:2 m xture

of sotainers [err] 7.40-7.10 (m 6H), 7.06 (d, 1/3H), 7.02 (t, 1/3H),
6.90 (t, 1/3H), 6.55 (d, 1/3H), 5.15 (m 1H), 4.95 (bs, 1H), 4.63 (bd,
1/ 3Hy, 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 (g, 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. 10 Step D

N-[1(R)-[ (1, 2- Di hydr o- 1- net hanesul f onyl s’pﬁ' o[ 3Hi ndol e-
3,4' -piperdin]-1"-yl)carbonyl]-2-(phenyl met hyl oxy)ethyl] - _
2- am no- 2- met hyl propanam de hydrochl ori de To a sol ution of

gl %ﬁ?o?oﬁrgf ﬁ;ne was aéged ?’ Emgo? alg&rnpfouxl}d‘; §'k%103:%'Ihﬁ’{ﬂl@em:i O]; ed for
ér} The react ijl;ﬂﬁamm Br'k;?gs% (m, I ciﬁﬁr@b ggéﬁﬁglggﬁfﬁj‘&m£h§?iﬁgo m. of
% aqueous Soci BRTYeas KSTE, 4/3H), 5.181(a, 1H) A5(bhy 1ED4.68 (b, 1/3H),

i chlororet Far LGl T DR, o GILIARS, EO0 BTN SRR

brine (50 ) _
concent r at’sd D736 (0, 22H),c3I60:3 56(ch pEH), 3.04a(qs AIH), 187 €5, 1HY, 286m i n 25

m. of ethyl acgt t : 4 Loyt i .
hydrochl oric & rgi'ﬁnaeqq{ r60 &8’ @@e?%&%@)ﬁé@%'ﬁt@’mﬂ' é%lrg and
washed first vimj3H)h}i55at46:(m, 1H), 145(s, AEDwili42 &,I%fﬂ),alegéa(ﬁe her
(1:1), dried to yield 1.79 g (93% of the title conpound as a

mxture oty Siepdaner N-HGRM (s 24adse- | ethinesuifoP PO ML 7 os
(t, 1/31,% 00 ( 34" Biflerd ] 0-fiYarbbiiyl)-2 Sphény inethyloy)etsl)- 4. 42
- Q. 1 g

(m 3H), 4.05 (t, '8 ), 3.30-3. 15
1H0, 2.97 (s, 1H), 13 amide hydrochlorfdt (m

1.85-1.65 (m 4H), 1.63Tda sobuticiiof 21148 g(8.41 hmol) of the intermediate )
from Step C in 10 mL of dichloromethane was added 5 mL of
trifluoroacetic acid and stirred for 1h. The reaction mixture was
concentrated and basified with 100 mL of 5% aqueous sodium carbonate
solution and extracted with dichloromethane (3X50 mL). The
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 hydrochloric acid in ethyl
acetate. The precipitate was filtered and washed first with ethyl acetate
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 (t,
1H), 3.90 (bs, 2H), 3.83-3.70 (m, 2H), 3.30-3.15 (m, 1HO, 2.97 (s, 1H),

295 (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).

18899IBY

y .
B ~L-T1I4
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- 84 - : EXAMPLE 20 —- Nr{—} (R)—
, 2- Di hydrro- 1 -nethanesul f onyl - 5- br ono-spiro[ 3Hi ndol e-

- . ﬁ% Qée@]
1 '-yl)carbonyl]-2-(phenyl net hyl oxy) et hyl]-2-am no-2- 5 de
trifluoroacetate Step A ‘ m “{I“““F
N[1(R)-[(1, 2- D hydro-1- et hanesul f onyl - 5- br ono-

spi ro[ 3H i ndol e- 3, 4' -pi perdin]-1"-yl)carbonyl] -2-
(phenyl net hyl - oxy)-ethyl]-2-[(1,1 -di nmet hyl et hoxy)- 10

car bonyl | am no- 2- net hyl pr opanam de To a sol ut ny
(1.03 mol ) of 1-nmethanesul fonyl - spg?o [ 3Hi ndol e- 3, 4- png$%§&ﬁ£
hydrochloride in 5 nmL of gl aci al acetic acid was added 0.28 g (2.06
nmol ) of bromne and stirred at RT for 1h. The reaction M xture was
concentrated to dryness, basified wi BXAMBOE®RQ of 5% aqueous sodi um
carbonate solution, and extracted with  di chl oromethane (3X10 mlL). The

PG 2t ol s IR AT R ECK W A8 e TAL bl

crude product 3,91'.@1[!@:@1@}1&/1 -yl)cammyﬁxac@hmghne&@my)mhyl]pmmﬂmam on. 20
Step B: 5 ) 10 e above crude product in 10 nL

of di chl O"‘.‘-"“ ‘; S rrerere DaCLtaty 1o o o el at e
from Exanple 19 Step B, 0.17 (1 13 rrm)l) of HCBT and 0.34 g 25 (1.70

I f EDC h
Giuted with 3 sA‘PiﬂﬂZ?(ﬁHf 2Dy ol Snahe Al i “;"?P%m acid
(15 mL), saturated sodispaaf mdqlatM Elpﬁl'dﬁﬂ Y'1¥)earb ]3’d over

3 egh ¢ I-"l‘ﬁﬁﬁtﬁﬁ crude

oily produ%_{ Thi s resi S,.pu I 2d was flah30 hr'omat o raphy (159

Siderr]; CHerr]d [errC2iRQREHA p0yZ eI pEopanamids o). :

(T 2600/0 flng 2 ?BGDS) of t hér@ammmoer (1263 gahot) @Si;zhe&mesulfonyl-

0 g

di chl or onet han@@%@%‘é %ﬁaﬁ%ﬁf‘m]w@&@ﬁ‘@% § %02 gh'c}%ld at

RT for |h. Theacoticcadidrwas added 028 gd2bmmeol) efobronyinesand stigred at RT
for 1h. The reaction mixture was concentrated to dryness, basified with

15 10 mL of 5% aqueous sodium carbonate solution, and extracted with

dichloromethane (3X10 mL). The combined organics were washed_
with brine (10 mL), dried over anhydrous potassium carbonate,
filtered, and concentrated to yield 0.25 g of a crude product as a yellow
oil which was used without purification.

anhydr ous magnesi um sul cfghenm%ﬁh&h

20

Step B: | _
To a solution of the above crude product in 10 mL of

dichloromethane was added 0.43 g (1.13 mmol) of the intermediate

- from Example 19 Step B, 0.17 g (1.13 mmol) of HOBT, and 0.34 g

25 (1.70 mmol) of EDC and stirred at RT for 16h. The reaction mixture
was diluted with 15 mL of ether and washed with 10% aqueous citric
acid (15 mL), saturated sodium bicarbonate solution (15 mL), dried
over anhydrous magnesium sulfate, filtered and concentrated to give a
crude oily product. This residue was purified was flash

30 chromatography (15 g §iO2; CH2Cla-Acetone(10:1) as eluent) to yield
0.184 g (26% for 2 steps) of the coupled material as colorless foam.

To 0.184 g (0.26 mmol) of the above material in 2 mL of

dichloromethane was added 2 mL of trifluoroacetic acid and stirred at
RT for 1h. The reaction mixture was evaporated to dryness to yield



-85 - 0.146 g (93% of the title conmpound as a white solid.
FAB- M5: cal cul ated for (JQerr]JHerr]BrN errJOerr}S 608:feund 609.5

EXAMPLE 21 N[1 (R-[(1 2-D hydro-spi ek SheiigRl.Lp3:.4 - Pi perdin] - 1
‘-yl)carbonyl]- 2-(indol-3-yl)eltyl]-2-gm f opanam de
di hydr ochl ori de Step A Spiro[ 3H-I ndaJHM IFI ne] 10

To a solution of 1.0 g (5.0 mol) of 1'-net

i ndol e- 3, 4' -pi peridinel (prepared as described in H Ong et al J. Med.

Chem 1983, 23, 981-986) and 1.0 g of povvdeggd pot assi um car bonai %n 30
mL of dry dichl oronethane at RT was added Y0 "0.50 g of cyan g%??lﬁ m de
and stirred for Ih. The reaction mxture was 15 filtered through a pad of
celite and washed wi th chl or of or m net hanol (95:5). The filtrate was

W th ohl or ﬁﬁof‘”"-l”‘@g‘%?gﬁ 5’%- B e 8 & D g of &
yel | ow oi | whi %%&Ss t%%ﬁﬁgb ‘{%@M)qss %b& Pound 6%]9?5 To a

suspensi on of above conpound in 30 nmL of dry DVE 20 at 0OC was added 0.30 g
of lithium al um num hydri de and mrmw and finally refluxed for
| h. The reagtion m xture was cooled t d quenched with 0.30 nL of

wat er, 0.30 nL of 15% aqueous of sodi um hydr oxi de sol ution, and 0.90
nL of water. ThN-BI(R)dK(1y®Dihydro-spirof3iecndold-3i4/-pipetdiallaylarbenylje and
washed wel |l wit ANl of a{ .:‘;“ Hal t‘:.*lmw. RRSS ) é hhe
filtrate gave 07 vie w pteri al

was a 1:1 mxture of the title conpound and

1' - met hyl - spi r%@dol i dShiperidine] Step B:
L e P b S o metyL it
ben_zlyl bFZt ﬁ: t yirl Ie-3,4'-piperidir;)ﬁ] répayed M8.desoribed infHi Oagoetratef. al] y L 80
. (16.5 b 398375, R1PRE pid 1108 dF pudbi RS TarBiiAe
4- NN di net hyl a mL of gy dichloromathane ah&gﬁm aglded todES0gI0Ef i rred for
16h. The cyanogen bromide and stirred for 1h, The reaction mixture was
15 filtered through a pad of celite and washed with chloroforin-methanol
' (95:5). The filtrate was concentrated and the residue was flushed
through a pad of silica gel with chloroform-methanol (95:5) as eluent.
This gave ~1.2 g of a yellow oil which was used without purification.
To a suspension of above compound in 30 mL of dry DME
20  at 0°C was added 0.30 g of lithium aluminum hydride and warmed to
RT and finally refluxed for 1h. The reaction mixture was cooled to 0°C
and quenched with 0.30 mL of water, 0.30 mL of 15% agqueous of
sodinm hydroxide solution, and 0.90 mL of water. The solids were
filtered off through a pad of celite and washed well with chloroform-
25 methanol (10:1). Concentration of the filtrate gave 0.74 g of the
" compound as a yellow foam, This material was a 1:1 mixture of the
title compound and 1'-methyl-spiro{3H-indole-3,4'-piperidine] .

Step B: (2R)-{[-2-[{1,1-dimethylethoxy)carbonylJamino}-2,2-
30 dimethyl-1-oxoethyljamino]-1H-indole-3-propanoic acid
benzyl ester
To 5.0 g (16.5 mmol) of the commercially available N-t- = -
BOC-D-tryptophan in 100 mL of chloroform was added 1.80 mL (16.5
mmol) of benzyl alcobol, 0.20 g (1.65 mmol) of 4-N,N-dimethylamino
pyridine (DMAP), and 3.20 g of EDC and sfirred for 16h. The




- 86 - reaction m xture was poured into 100 nL of water and the
organic | ayer was seperated. The aqueous was further extracted with
2X100 mL of chl oroform The conbi ned organics were washed with 50 nL 5
of 10% aqueous citric .acid, 100 nL of 10% aqueous sodi um bi car bonat e
solution, dried over anhydrous magnesium sulfate, filtered and
concentrated to give a thick oil. To a solution of this
oil in 10 nL of dichl oronethane was added 20 nmL of trifluoroacetic
acid and stirred for 1h. The reaction 8 I Xture was concentm
basified carefully with saturated aqueous ®¥~ sodi um bi carbon (;PXI on
and extracted with chl orof orm (2X100 m.). The conbi ned organi cs were
washed with brine (100 nL), dried over potassium carbonate, filtered,

and_concent r at q@afiofliniixtire’as ptiured intot 100 81 bf water abdahe ;:Ehniw ch was
a

d wi t hout ficat of ih duct
' 100 L of GHE¥F P AeBeratady, The pmpos as et pairted SRORARIOG 800

(23 2 mmléI ?f il of chlopcform.nHHey¢ombimednerganics mmgshe@mthﬁﬂoomlof FDC
and stirred for o1l m o
wat er and she of lo%r%zﬁ%oggrli%&%éqgg%r’a e 'ﬁ&éﬁﬁgg s further
extracted withtd olution, driedr ovasranh omagnestum sydfate,sfiltered
washed with amp&, t%&) ?W 05611' c aci d 100 nL of 10% aqueous
sodi um bi carbonat e uti on o\ger u n m sul f at e,
filtered and concent asQiy Oéﬁ f@dﬂlﬂ%‘ﬁ?ﬁﬁ&@ ane WasSc k

oi | . Flash rombm&o?ﬁﬁcax&aﬁdeﬁd stied foe-18L h'!‘he%ﬁbﬁ@ﬁ as

CerrlH Nﬁ/la?\;(e)CD@P@FW a%myﬁ?%if patiel qapehilly At sarlbn oot "

7.38-7.23 uﬂﬁwaﬂ:dﬁ& solutits), and. extractéd wiith chlﬁrof@mQZXdomw

15r) 30 Sl ep BLX ﬁ%&é@fﬂ%ﬁ@%@?%@?ﬁox%ﬁ%@ﬁ% Ahgugt,
di met hyl - 1- oxomeylgcmsmmmbo edtogive 546 gof To
s adied 1o LRI .%éﬁ Vi i g, O 1
18h. The cgkal yst was fi I sf ﬁIEOQ gt d¥1 @leeo chioroform

was added 3.40 g (22.2 mmol) of HOBT, 4.60 g (22.2 mmol) of N-
BOC-a-methyl alanine, and 5.32 g (28.0 mmol) of EDC and stirred for
16h. The reaction mixture was poured into 100 mL of water and the
organic layer was seperated. The aqueous was further extracted with
2X100 mL of chloroform. The combined organics were washed with

50 mL of 10% aqueous citric acid, 100 mL of 10% aqueous sodium
bicarbonate solution, dried over anhydrous magnesium sulfate, filtered

and concentrated to give 6.94 g of the product as a thick oil. Flash
chromatography (200 g SiO2; hexane-ethyl acetate as eluent) gave 4.75

g of the desired material as a colorless foam.

1H NMR (CDCI3, 200MHz) 5 8.48 (bs, 1H), 7.54 (bd, 1H), 7.38-7.23

(m, 3H), 7.19 (bd, 2H), 7.15-7.00 (m, 1H), 6.90 (d, 1H), 6.86 (d, 1H),

5.06 (bs, 2H), 4.95 (ddd, 1H), 3.30 (2dd, 2H), 1.40 (s, 15H)

20
25

30 Step C: (2R)-{[-2-[{1,1-dimethylethoxy)carbonyl]amino]-2,2-
dimethyl-1-oxoethyllamino}-1H-indole-3+ oic acid
To a solution of 4.75 g of the material from Step B in 100

mL of ethanol was added 1.0 g of 10% Pd/C and stirred at RT under a
H2 balloon for 18h. The catalyst was filtered off through a pad of celite

This Sheet Has Been Rep

I llll!l llll lll lll!




- 87 - and washed with ethyl acetate. The filtrate was concentrated to
gi ve 2.96 g of the acid as a colorless foam [err]H‘NI\/F\T(CDG[err‘]—
200vHz) [err] 8.60 (bs, 1H), 7.55 (d, 1H), 7.26-6.90 (mxﬁg-gheetﬁ, Hfhaced
1H), "4.80 (m 1H), 332(2dd 2H), 1.37 (s, 3H), 1.35

Step D N[1(R-[(1, 2- D hydro-spiro[3Hindol e-3, 4" -pi perd| imlm"l" IIII“"I
yl) carbonyl] - 2- (|ndo -3-yl)ethyll-2-[(1, 1 -dinethylethoxy)-

car bonyl | am no- 2- net hyl propanam de To a solution of 0.122 g

(0.542 mmol ) of a 1:1 m xture of the i Lierrredi ate fromstep égg&

1' -net hyl -spiro[ 3Hi ndol e- 3, 4' - pi pert@‘rme] in 5 nL of dryés erat
RT was "added 0.105 g (0.271 mol ) of the internediate fromStep C, 41 ny
(0.271 nmol ) of HOBT, and 80 ny (O 41 rrm)l) of EDC and stirred at RT for
2h. The react] anqd wasied With iyl fbatifed STHA a2 Was €bn @5@&% Bives vashed
wth satura (r:&e &%8 arb nate sol ution 10 mL of

brine, dried o g ;@P Bda at e, flltered and

concentrated. EERNMBNWODE] gWWSMdHX?W{d&Hﬁ,@%{-&%}) of

The Lﬁ%gﬂgdgi‘lﬁs?@”@ $ M YA SR o3 33" PRl T T 30 )

400 MHz) [err] (8.12H)Xd, 1/3H), 8.35 (d, 2/3H), 8.19 (d, 1H), 7.72

2/3H), 7.60 (d, 1/3H) 7.38 (d, 2/3H) 7.32 (d, 1/3H), 722708(m

3H), 7.00 (2t, 93 (d, 1/3H), _6.69 ( 6..60 1/3 6,56 (d,
2/3H), 6.50 (d§t_ql_B-.+) 5HeLJE(RJ)5[(M smoaﬁ—mdﬂ;e- A'piperdinll)- 25

562550 (m 11, 3 30. @(m&lmsyamgm{g?m#e%ﬁ@}

170155(m 12/ 3H), 1.
120i011(m 1H), €aroenyiiammosZxm
I\lr[l( R)-[(1,2- D hydr o- Sp‘I‘bcdﬁklutloﬁCdf@?zZQ (0.542dndol} of a 1:1 mixture of

vel byl propananfifbBSHER figt shed A"hd T -methyl-spirg 38-indple-34' e
i nternedi at e qumﬂhnp} n ﬁanl.amlﬂdry thivrofornt abRTrsvaseadded0d 05. g (B127df
concentrated hygng R% fronfStéﬂEdﬂtmET(d?ﬂ Wimol}'6f HROBY, ON
m Xt ure was concen asitl e
- and 0 mg “(0.41 mmol) of EDC and stirred at RT for 2h. The reaction
mixture was diluted with 10 mL of chioroform was washed with
saturated aqueous sodium bicarbonate solution (10 mL) and 10 mL of
brine, dried over anhydrous potassium carbonate, filtered and
concentrated. Flash chromatography (10 g SiO2; 2% MeOH-CHCI3) of
the residue gave 94 mg of the desired product as a yellow foam.

The compound exists as 3:2 mixture of rotamers. 1H NMR
(CDCl3, 400 MHz) 5 8.37 (d, 1/3H), 8.35 (d, 2/3H), 8.19 (d, 1H), 7.72
(d, 2/3H), 7.60 (d, 1/3H), 7.38 (d, 2/3H), 7.32 (4, 1/3H), 7.22-7.08 (m,
3H), 7.00 (2t, 1H), 6.93 (d, 1/3H), 6.69 (t, 1H), 6.60 (d, 1/3H), 6.56 (d,
2/3H), 6.50 (d, 2/3H), 5.30-5.15 (m, 1H), 5.00 (bs, 1H), 4.34 (m, 1H),
3.62-3.50 (m, 1H), 3.30-3.11 (m, 4H), 2.90 (dt, 1H), 2.40 (dt, 1/3H),
1.70-1.55 (m, 12/3H), 1 34 (s, 2H), 1.31 (s, 4H), 1.28 (s, 1H) 1.31 (s,
9H), 1.20-1.11 (m, 1H), 0.32 (dt, 1/3H)

15

20

25

Step E: N-[1(R)-{(1,2-Dihydro-spiro[ 3H-indole-3,4 -piperdin]-1'-
yDcarbonyl]-2-(indol-3-yDethyl]-2-amino-2-
eth anamide dibydrochloride ,
To 27.5 mg of the intermediate from Step D was added 1.0
mL of methanol and 1.0 mL of concentrated hydrochloric acid and
stirred at RT for 1h. The reaction mixture was concentrated, basified

30




-88 - with 5 nL of 10% aqueous sodi um car bonate sol ution, and

extracted with chloroform (3X5 nlL). The -conbined-organics were washed
W th brine (10 nL), dried over potassium arbonate flltered and
concentrated to yield a thick oil. Preparati ate

chl or of or m net hanol 96: 5+1% NH[ err] OH) gave 1 |red

product as a yellow solid. The conpound e | xture of
rotaners. [err]H NVR (CDCl [err], 400 VHz) [err] 8 37 (d, 1/3H), 8.35
(d, 2/3H), 8.19 (d, 1/H, 7.72 (d 2/ 3H), .60 (d, 1J3H), 7

2/3H), 7.32 (d, 1/3H), 7.22-7.08 (m 3H) &’800 (2t, 1H, 6. ,Y
1/3H), 6.69 (t, 1H), 6.60 (d, 1/3H), 656 (d, 2/3H), 6.50 (d, 2/3H),
5.30-5.15 (m 1H) 4.34 (m 1H), 362350(m 1H) 3.30-3.11 (m 4H)),
i- gflJ Egt 41H) A with®s ol of W uéoﬁ@s?ﬂﬁ;’in on,aiad%ktf@ote@"i)
EXAMPLE 22 W}é[éﬁ?}iglfgqn( @lglb és were was’f&d with

1rret lhgflcg?[) gtr)]nlyila?m 616 L) ddahedgv&r mixﬂnrdarbonate, filtered, and
hyd)r/ochl or @g concenftid & Y1y, &é%‘lﬁ Mﬁm@%ﬁ”& arrpl e
of Nrethyl - °§°W%@5525 e el 2me of he deste m!)
- d

acetyl chlori d%hfr rreg . 1h. The_reaction e dli

i comom 325 R of oEmeFSo lﬁ lﬁmi s, @5
\(,)V:‘ t 2at5u?1z;t Ce)]:j . P‘?’ ]335 &p ng. lty(tgduq)/e] 7@(@/
T L v 3800 T, ) 13208 Lo
above rat ori’el (20 ), 65506, /SH)S 698D, 660 G 1/BENPSSE QLBBED,
was concentr at Sédgﬁ@3m i\?pﬁgggn@aﬁiﬂ%&g E@ 3.62- gﬁ{}% é onat e
sol ution, and &B@fﬁ;lé({n;vldlﬂ),c&%r(dt,olﬂb,@.@( )1/3H), 1.70d .55 (01,
o honate 111 (EIRTs ZOLAL ACAHP 124 ( MHEY IBT L (m, PO B2,

sol uti on of th| terlal in 1. O mL of methanol was added 1.0 nL of

EX LE 22

N-[1(R)-[(1,2-Dihydro-1-methylcarbonylspiro[ 3H-indole-3,4'-piperdin]-
"-yDcarbonyl]-2-(indol-3-yl)ethyl]-2-amino-2-methylpropanamide
hydrochloride

To 26 mg of the intermediate from Example 21, Step D in

1.0 mL of 1,2-dichloroethane and 55 pL (0.14 mmol) of N-methyl-

morpholine at 0°C was added 6.6 pL (0.93 mmol) of acetyl chloride and

stirred for 1h. The reaction mixture was diluted with S mL of ether,

25 washed with 5 mL of 10% aqueous citric acid, 5 mL of saturated
sodium bicarbonate solution, dried over anhydrous magnesium sulfate,
filtered, and concentrated to give a pale yellow foam which was used
without purification.

: To the above material in 1.0 mL of dichloromethane was
3¢ added 1.0 mL of trifluoroacetic acid and stirred at RT for 1b. The
reaction mixture was concentratéd, basified with 5 mL of 10% aqueous
" sodium carbonate solution, and extracted with chloroform (3X5 mL).
The combined organics were washed with brine (10 mL), dried over
potassium carbonate, filtered, and concentrated to yield a thick oil. To
a solution of this material in 1.0 mL of methanol was added 1.0 mL of

20




89 - AM hydrochloric acid in dioxane and concentrated to dryness to
yield 16 ° ng of the title cen%euﬁd—as a pate yell ow solid. The

conmpound exists as a 3:2 mxture s EéRel{]&{;d’] H NWVR (CD[err] D,
400MHZ) [err] 8.43 (d, 1H) 8.35 d, 2/3H), 7.61 (d, 1/3H),
7.40-7.25 (m 2H), 7.20-7.08 (m 3 (m 22/3H) 6.50 (d,

1/3H), 5. 25-5.10 (m 1H) 5.00- 4.8 168-3.45 (m 3H), 3.20
(m 2H), 2.60-2.48 (m 11/3H), 230(dt 1/3H) 200(s 1H), 1.98 (s,
2H), 1.81-1.40 (m 4H), 1.35 (s, 2H), 133% 1.32 (s, (s,
10 1H), 1.25-1.15 (m 1H), 1.10-1.00 (m- 3%, 0. o (dt, 1/3H)Fﬂ88§9ﬁ&
EXAMPLE 23 -

N[1(R-[(1, 2-Di hydro- 1- benzenesul f onyl spi ro[ 3Hi ndol e- 3, 4' - pi perdin] -
1" -yl ) carbonyl ] 48f h{dﬁbﬂhi&n& lacid Mmomm@mhhmwmwmaomﬁmé

170 m of 1, 2. g P hshgs rﬂg%-%sffe Bhfe SR °  orhnol e vas

1.0 M of 1,2-
added a? o[ er r | The compound existsama r&:mmwfmmmerwe H ( BORd for

rlﬂh o:hio&)egghggwirxc g@%dfﬂ gﬂf :r“ggt%@at é%?g%’?@g) 2’0610 carb th °

sol ution, dried7d0e dﬂﬂs'] RS (m 3@3 2405-6:95 (o 33/31'1

concentrated to }1/)952@535 10 ( 238834 IhOBH) 3 ﬂpam

i umn i R

unaer reduce S - | 0 s sL .

3000 ) ”‘8"”“%06?@ 28515157, B, 10, o GhETRY "o 20 £, 6 (G

1/3H), 7 72 45 (m 5H), 7.43-7.30 (m 4H), 7.20-7.05 (m 2H), 7.00- 30

6.90 (m 2[err]/3H), 6. 35 (d, 1/3H), m 1H), 4.90 (bs, 1H), 4.30

(dt, 1H), 4.15 (dt, 1H), 3.95 (dd, 1H>% (m 3H) 3.25-3.20 (m .

2H), 2.90 (dt, 1H), 2.73 (dt, 22/ 3H), 235 m 1[err , 180(m 1H),

150 (5, 189, INAY(RS:{(b Diltyro-| drcrachosuttouylspirol Fiindole- 3400 (b

113K 0. 90- 0. ThltinfylfhaBohPi-2-Hoidl-3-Ydiyifd-ahibly. -O- %0 (dt.

15 methylpropanamide
To 26 mg (0.050 mmol) of the intermediate from Example -
21, Step D in 1.0 ml of 1,2-dichloroethane and 5 pl of N-methyl
morpholine was added at 0°C 7.5 uL of benzenesulfonyl chloride and .
stirred for 1b. The reaction mixture was diluted with 10 ml of ether
20 washed with 5 ml of 10% aqueous citric acid, 5 ml of saturated sodium
bicarbonate solution, dried over anhydrons magnesium sulfate, filtered,
and concentrated to give 29.8 mg of a crude product as a pale yellow

foam. To a solution of this material in 2 m! of methanol was added 1.0

ml of conc. hydrochloric acid and stirred for 1h. The solvent were

removed under reduced pressure to yield the title compound as a brown

solid.

This compound exists as a 3:2 mixture of rotamers. 1H NMR(CDCI3,

400MHz) & 8.30 (bs, 1/3H), 8.20 (bs, 2/3H), 8.05 (bs, 2/3H), 7.88 (d,

1/3H), 7.72-1.45 (m, 5H), 7.43-7.30 (m, 4H), 7.20-7.05 (m, 2H), 7.00-

30 6.90 (m, 22/3H), 6.35 (d, 1/3H), 5.25-5.10 (m, 1H), 4.90 (bs, 1H), 4.30
(dt, 1H), 4.15 (dt, 1H), 3.95 (dd, 1H), 3.60-3.40 (m, 3H), 3.25-3.20 (m,
2H), 2.90 (dt, 1H), 2.73 (dt, 22/3H), 2.35 (m, 11/3H), 1.80 (m, 1H),
1.50 (s, 1H), 1.43 (s, 2H), 1.39 (s, 3H), 1.30-1.20 (m, 2H), 1.00 (bd,
1/3H), 0.90-0.70 (m, 2H), 0.55 (bd, 1/3H), 0.48 (dd, 2/3H), -0.90 (dt,
1/3H)

%]
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EXAMPLE 24 N[1(R-[(1 ,2-D hydro- 1 -nethanesul fonyl spiro[3Hindole-3

, 4- pi perdin] -1 '-yl)carbonyl]-2-(indol-3-yl)ethyl]-2-am no-2-nethyl -
5 pr opanani de hydrochl ori de To a solution of 0.258 g
(0.50"mml ) of the internediate from Exanple 21, Step Din 10 nL of dry |
di chl oronet hane at 0C was added 0.39 nL(100 nmol) of N nethyl

nor phol ine, and 45 [err]L (0.60 nmmol) of net hesul fonyl chloride and
stirred for 30 mn. The 10 reaction was diluted with 10 nL of ether and
washed with saturated sodi um bi car bongt.e solution (5 nL), gﬁbggpgg.nt),
dried over anhydrous magnesi um sul fat & Tiltered, and conc to
yield the product as a pale yell ow foam which was used w t hout
purification. To a solution of this material in 3.0 nL of

di chl oromet hane was added 1.0 15 nlL @EXAMPLE24acetic acid and stirred at
RT for 1h. The reaction m xture was concentrated, basified with 5 nL of

10% aqueous sod] carbonate solution, and, extr ed. wt hl or of orm
(3x(§3 ?rL). The ﬁﬂ@e}ﬂiﬁln@ﬁl&a{ 'k@ﬁ%@@%&@ﬁé{&m@ﬁﬂﬂﬂ&ﬁ), dri ed
over pot as ) bgbdﬂyﬂ' 2r@adolBa1 Dﬂa@ﬁiﬁ@&@n&ﬂﬁ Jd a thick
oil. To 205 a gbiyg?gF.??a hir s -F%}wﬁaj i%qgﬁghﬁﬁ of net hanol was added 200
[err]L of PRSI EY S REEf B—te—aryness

toyield 98  ny of thFodesolutionof 8258 g (3.50 maied) wfitheunteniriediate  The

AT, 180 W AT P A,

25  7.40-7.25 60 gBmol} of N-methybomrpboline, and 45 wh. (0660 (d,

(2t orgs Fneigf Bt e S i, T
151 1. 8107 esiction was diluted with 10l of efhey and swgshed (Sﬁ,ﬂﬂﬂii) 1'1.30
(s, 1H), 1.25- godfunt Bicdtbnate sélutiofQ(S(ML)] brineXS2MI() driel gvér 30
anhydrous magnesium sulfate, filtered, and concentrated to yield the
product as a pale yellow foam which was used without purification. To
a solution of this material in 3.0 mL of dichloromethane was added 1.0
13 mL of triftuoroacetic acid and stirred at RT, for 1h. The reaction
mixture was concentrated, basified with 5 mL of 10% aqueous sodium
carbonate solution, and extracted with chloroform (3X5 mL). The
combined organics were washed with brine(10 mL), dried over
potassium carbonate, filtered, and concentrated to yield a thick oil. To
29 a solution of this material in 3.0 mL of methanol was added 200 pL of
4M hydrochloric acid in dioxane and concentrated to dryness to yield 98
mg of the desired material as a pale yellow solid.
The compound exists as a 3:2 mixture of rotamers. 1H NMR (CD30D,
400MHz) & 8.43 (d, 1H), 8.35 (t, 1H), 7.72 (d, 2/3H), 7.61 (d, 1/3H),
25 7.40-7.25 (m, 2H), 7.20-7.08 (m, 3H), 7.05-6.95 (m, 22/3H), 6.50 (d,
1/3H), 5.25-5.10 (m, 1H), 5.00-4.84 (2bd, 1H), 3.68-3.45 (m, 3H), 3.20
(m, 2H), 2.82 (s, 1H), 2.80 (s, 2H), 2.60-2.48 (m, 11/3H), 2.30 (dt,
1/3H), 1.81-1.40 (m, 4H), 1.35 (s, 2H), 1.33 (s, 2H), 1.32 (s, 1H), 1.30
(s, 1H), 1.25-1.15 (m, 1H), 1.10-1.00 (m, 1H), 0.20 (dt, 1/3H)

30
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- 91 - EXAMPLE 25 N1(R-[1

, 2-Di hydro- 1 -nethanesul fonyl spiro[ 3Hi ndol e-3, 4" -pi peridin]-
‘-yl)carbonyl]-[3-phenyl propyl ] - 2- am no- 2- et hyl pr opanamni de

hydr o¢hl ori de Step A

N-1(R)-[ 1, 2- D hydr o- 1- et hanesul f onyl spi ro[ 3Hi ndol e-

3,4 -piperidin]-1"'-yl)carbonyl]-3-phenyl propyl)-2-[(1, 1-

di met yl et hoxy) car bonyl ] am no- 2- met hyr opanami de 10 The title
compound was prepared from (2R -2-[(1, 1-

di et hyl et hoxy) car bonyl ] am no4- phenyl - 1- bl?tla’noi c acid and 1, 2- 18399IBY
di hydr o- 1- et hyl sul f onyl spi ro[ 3Hi ndol e- 3, 4' - pi peri di ne] hydro-

chl oride by using the coupling nmethod as described in Exanple 18, Step
B. The crude product was purified on BXAMBPI #P5usi ng 5% Acetone in 15
CHerr]dJ[err]. [err]H NVR (400MHz, err]) [err] 7.2 (m 9H), 4.9
(m 1H), 4.5 (m 1H), 3.8 (m 2H), 3.2 (m 2H), 2.9 (s, 3H), 2.7 (m
2H), 2.3 (s, 2N—1(R)4{112¥Dihydm-u-meﬁian(esulfony1s irof3Hsindolp-3,4"-gipesidin}) .

22%04 S:)?Ber Bdl n| ‘\5’?@"? 'fyl IQW yI p’]:)pyli]' é@n’?@@ﬁf&m ©

met hyl pr opana ori de Prepared fromthe
i ntermedi ate obtained in step A using t he deprot ection nmethod as

described in Eﬁglag 18 E)ri ‘%ﬁlh [err]
7.3 9H), 4 ® % @gi g'\-{!s ?;‘r 2.9
(s 519, 2% (m a8, Bﬁﬂpgrﬁdm} earbonylle3fphenylpropyl-2-{(L,1- '

EXAMPLE 26 30 N'[ 1 d-;ulthl 7le OX' Cd b 1lami 0-2—e nropanamide
, 2-Di hydrola trifluoronefanesuarta

i ndol e-3, 4 pi perdin]- 1lhe Q:ﬁmmﬂ\zaq Pfﬂiﬂfe@fwme&m]@ 1 dni no- 2-
met hyl pr opanangfifiettiyléthoRy)ebbayHamino-4-phenyl-1-butanoic acid and 1,2-

dihydro-1-methylsulfonylspiro[3H-indole-3,4"-piperidine] hydro-

chloride by using the coupling method as described in Example 18, Step

B, The crude product was purified on s1hca gel using 5% Acetone in
15 CHzclz ‘

1H NMR (400MHz, CDCI3) 8 7.2 (m, 9H), 4.9 (m, 1H), 4.5 (m, 1H),

3.8 (m, 2H), 3.2 (m, 2H), 2.9 (s, 3H), 2.7 (m, 2H), 2.3 (s, 2H), 2.0 (m,

2H), 1.7 (m, 4H), 1.5 (s, 6H), 1.4 (s, 9H).

20 Step B: N-1(R)-[1,2-Dihydro-1-methanesulfonylspiro[3H-indole-
3,4'-piperidin]-1'-yl)carbonyl]-3-phenylpropyl]-2-amino-2-
methylpropanamide hydrochloride
Prepared from the intermediate obtained in step A using

the deprotection method as described in Example 18, Step C.

25 1H NMR (400MHz, CD30D) & 7.3 (m, 9H), 4.5 (m, 1H), 3.9 (m, 2H),
3.5 (m, 2H), 3.2 (m, 2H), 2.9 (s, 3H), 2.7 (m, 4H), 2.0 (m, 4H), 1.6 (s,
6H).

EXAMPLE 26
30
N-{1(R)-[(1,2-Dihydro-1-triftuoromethanesulfonyl-5-fluoro-spiro[3H-
indole-3,4'-piperdin]-1'-yI)carbonyl}-2-(indol-3-yl)ethyl]-2-amino-2-
methylpropanamide triflnoroacetate
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- 92 - Step A 1, 2- D hydr o- 1- benzyl oxycar bonyl - 5-f | uor o- spi ro[ 3H

I ndol e-3". 4' - pi perdi nel To 7.82 g of 60% sodi um hydri de was
added hexane and the liquids were decanted. To this was added a
solution of 11.10 ni(89 mmol ) of 2,5-difl uorophenyl acetonitrile in 150
m. of DMSO and stirred for 30 mn. A solution of 15.10 g of

1-chl oronet hyl ethyl am ne hydrochl oride in 150 nL of DVSO was added
dropwi se ahd heated at 75[err] C for 4h. The reaction m xture was poured
into 600 g of ice and 10 extracted with er (5X200 nl). ThelggﬁghQQd
organi cs were washed with 3X100 nlL of hydrochl oric acid.

conbi ned aqueous extracts were basified to pH=9 with 50% aqueous sodi um
hydr oxi de and extracted with ether (3X200 nmL). The conbi ned organics

were washed Mm bri mezmydm.)l b@hz;ddxymbonyl—%-ﬂuorocmm{m-e and
9

concentrat ed I ve, indp Et hanol
(24 nL) was added in gLEgégg%4§g%#¥gﬁL§ggg—ee—g—————ﬁ+~+rfhruﬁ*a+Uﬁrnum
hydride in 250 nL of ot 7.82ez of 60% sodinem hydrideavasadded hexaneand
olution of th fi or
§2hu 1I'he r gact ?%‘%ﬁ m]ﬂ’g#\@ggé&tg&t %@{Em béggﬁl%& Ifa;?i&/a?
(10 m.), 10 niDyno t me? drled
over Klerr]CJ gfifred '303ﬁﬂﬁz R%‘élﬁﬁ@ﬁ%l@l@% éPI—chlor(ﬁhé! gl%t@ﬁﬁihea

thick oil. Thi ru odu Xa sol i
was filtered, &T wab ﬂ@§a erBm

err])

of the solid (ZsmrIMI%beéaaMmﬁWas peurdd ie 600 cﬁ’ncecandndol i ne.

To 2,501t o0 Gl 08 R gkt P ) o BB SR L e
stirred for 1lhwith BlXiOﬁ“iij ofi2N hydrochiorie acids Thercembined &meous of 5%
S S U AT R o s o
The conbi ned opgmap@é Wheethgsmﬁm br ilhe ¢ombined oxgapics were Wbﬁd
ﬂ“e(r: ' ] glol[ err], wit bereeod 00 Rl dtiedYover potasifurt @lrbbhstecRid enceRFatad
to give 15.54 g of a thick oil.

Ethanol (24 mL) was added in dropwise fashion to 9.90 g
of lithium aluminum hydride in 250 mL of DME at 0°C and then
warmed to reflux. A solution of the compound in 250 mL of DME was -
added and refluxed for 72h. The reaction was then cooled to 0°C and
quenched with water (10 mL), 10 mL of 15% NaOH, and 30mL of
water. The slurry was dried over K2CO3, filtered, and concentrated to
give 13.6 g of a thick oil. This crude product was triturated with
hexanes, the solid was filtered, and washed further with hexanes.
200MHz NMR (CDCI3) of the solid (2.6 g) indicated about 75% of the
desired spiro-indoline.

To a solution of 1.02 g of this mixture in 50 mL of CH2Cl2
at 0°C was added 1.0 mL of triethylamine and 0.80 mL of CBZ-Cl and
stirred for 1h at RT. The reaction mixture was poured into 50 mL of
5% HCI and the aqueous layer was separated. The aqueous layer was
basified with 50% NaOH to pH=10 and extracted with CH2Cl2 (3x25
mL). The combined organics were washed with brine (50 mL), dried
over K2CO3, and concentrated to yield 1.26 g of the compound as a
thick oil.

15

20

25

30
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- 93- [err]H NVR (200MHz, CDCl[err]) [err] 7.7-7.90 (m 1H), 7.50-7.15
(m 6H) ‘w 6.95-6.60 (m 2H), 5.28 (bs, 2H), 3.90 (bs, 2H), 2.85 (bd,
2H) , 30 (s 3H), 2.20-1.80 (m 4H), 1.65 (bd, 2H). 5 Step B:
N—[l(ﬁ) [ (1, 2-Di hydro- 1- benzyl oxycar bonyl - 5-f | uor o-

spiro[ 3Hindol e-3,4"' -piperdin]- 1 '-yl)carbonyl]-2-(indol-3-

yl)ethyll-[[ (1,1 -di net hyl et hyl oxy) carbonyl ] am no] - 2-

met hyl propananm de 10 To 1.62 g (4.62 muol ) of the above
internedi ate from Step Ain 10 nL of 1,2-dichloroethane at dded
0.65 nL of ACE-C and refluxed for 1h‘9§he reaction m'xturefwf
concentrated to one- third the volume and diluted wth 10 nL of

met hanol and heated to refl ux for 1h. The reaction mxture was

concentrated to § ejls’ ol i d.

This materi al w:éts mmgm tﬁ?@?ﬂt@%ﬁ rgy’b’l[?gr Yolyl etpg’ so ufl oln

(25 nL), and ex698:660 Gns 2H), 52&@181 3H)n3:9aths, CHR2.34 Bed

organi cs were dSde.(ZOQI 80 (mKAHD, 1@@{@3&? nd concentr at ed to gl ve 0.384 ¢
g

of the free base. of this material in 15 nlL of
CI-l[err]CI[ngr] was added 20 0.483 g of the acid internedi ate obtained from

fSE)(raplghOf The re'i%%n N-[Q(g 51%21 %6pou%?§mag,&gswbzyg%f§{$éﬁlj:d

extracted with CH err]d 9%

washed with 20 nL of 10%jyl)ethyB+(3, t—thmeﬁhyléﬂlyibxy)casbanyﬂamﬂm}aﬂcq err],
dried over MgSd err], an gﬁil h Fl ash chromat ogr aphed of the
resi due on 25 g of silic

gave 0.389 of the desi rEei 1.62 g (462:mmpl) of the ghove mtemediatofom Stcp

oetr ) (V) R A G it 055 BEpEACR O
2 Di hydr o- 5- f|ﬁh@!‘@m6mh¥é"an@dﬂ|u&@v&ﬂr 10 mL of methanol andlfhemé@'tdl] 1

L)oo . At it was capeepted to drynes and
15 triturated W1th ether to give brown solid. This material was dissolved

in saturated sodium bicarbonate solution (25 mL), and extracted with
dichloromethane (2X25 mL). The combined organics were dried over
K2CO3 and concentrated to give 0.384 g of the free base.

To 0.384 g of this material in 15 mL of CH2Cl2 was added
0.483 g of the acid intermediate obtained from Step C of Example 21,
0.189 g of HOBT, and 0.34 g of EDC and stirred for 18h. The reaction
mictured was poured into 10 mL of water and extracted with CH2Clp
(2X10 mL). The combined organics were washed with 20 mL of 10%
citric acid, 20 mL of saturated NaHCO3, dried over MgSO4, and
concentrated. Flash chromatographed of the residue on 25 g of silica
gel with hexanes-acetone (1:1) as eluent gave 0.389 g of the desired
material.
1H NMR (200MHz, CDCI3) § 7.7-7.90 (m, 1H), 7.50-7.15 (m, 6H),
6.95-6.60 (m, 2H), 5.28 (bs, 2H), 3.90 (bs, 2H), 2.85 (bd, 2H), 2.30 (s,
3H), 2.20-1.80 (m, 4H), 1.65 (bd, 2H).

"‘3

20
25

30

Step C: N-{1(R)-{(1,2-Dihydro-5-fluoro-spiro{3H-indole-3,4’-
' piperdin]-1‘-yl)carbonyl}-2-(indol-3-yDethyl}-{[(1,1-
dimethylethyloxy)carbonyl lammol-2—methylpropanannd
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-94- To a solution of 0.363 g, of the internediate
obt ai ned *from Step Bin 5 nL of of ethanol was added 0.10g of 20%
pal | adi um hydroxi de_an carbon and hydrogenated under H2 balloon for 1h.

the * catalyst was filtered off and washed with nore nethanol. The
filtrat eThis ShegiHas I ated to yield 0.262 g of the desired naterial.

[err]H N ' [err]) This material was 2:1 m xture of rotaners.
[err] 8.8 , 7.70(d, 2/3H), 7.55 (d, 1/3H), 7.38 (d, 2/3H)
7.30 (d, 1 , (.28-7.15 (m 4H), 7.13-7. (m 2H), 6.65 (dt, 8%% 6. 50
(dd, 1/3H), 6.45 (dd, 2/3H), 6.14 (dd, 2r¥%- 5.30-5 13 (m 1HLS89IBY

5.10 (bs, 1H), 4.30 (bd, 2/3H), 422 (bd, 1/3H), 3.50-3.30 (m 1H), 3.30-
3.00 (m 4H), 3.00-2.80 (m 1H) 2.73 (t, IH), 2.53-2.40 (m 11/3H),

2.20 (t, 1/3H), 1.49 (S tﬁﬁlbﬁﬂ%ﬁgjtﬁélﬁ&fnﬁﬁiﬂé&ﬁ&ﬁéﬂﬁéﬁﬁm

N 2R [ (1 2 SRS o1 o i i 7 (f of 20% palladiom

f 1 uor o- spi r o[ 3y nicbmmrhnmand ihydragenated andenyli2 balleon for 1h. the

5" et ny! pr apandibiast whs LB ot il Baeseih 105 HRRARE The et ot nea

from 20 St epwas mmedmmdd&:aﬁﬁgmf&te matmaladded 0.050 nL of
triethyl am ne itfhse il 98l 201 iiiichfhe’ oF rotarfiefs.

it a;;S:gisgﬁf iy b TS o e o o
stirred for 30 (dh¢ ems- Pi‘(fn\ﬂﬁi 13002 ¢y 6.85 (dt, 2H),
VS et 1] g 6(55%9&1 p;ﬁ@saam SLPBBSIAH, 5 B 5 a e D e
resi due on'3 g5.10 (bsyf 1H), 4.36 (bd, 2/3H), 4:21 d, ]lQ!BI-E; BJS(hBéiO)(m, (lH)lﬁ 3&—
matori al was 20 D 5£00-3.80 (n TED), AT I AES- 24D
1/3H), 7.70(d, 2204, 1/3PB01(49 (s1B8D)) 1.45 Eﬁo Bd 41 (s, 9H) 130 (ét, %3171),10 (m
giHé’H) > ?109(6) ?20(‘9? WZ%% %@%2/%%{)54 g(?%dugﬁ)w (1?]3H)1,H) 38;1- g§(785( m
3, 233 QDO IR (0 Dibydh Leibrosinbeliony 5910 | 1,20
(dt, 1 3H) 93 2 %Erogf%ro[gﬁt-infolg’-@ 4’-fnper3inﬁdf -yl}car't_':})nyl]-z-
(indol-3-yDethyl]-[[(1,1-dimethylethyloxy)carbonyl]amino]-
2-methyvlpropanamide
To a solution of 30 mg of the intermediate obtained from
Step C in ImL of dichloromethane at 0°C was added 0.050 mL of
triethylamine and 0.020 mL of triflic anhydride and stirred for 5 min.
the catalyst was filtered off and washed with more methanol. The
reaction was poured into S mL of 5% aqueous sodium carbonate
solution and stirred for S min. The aqueous layer was extracted with
CH2Cl2 (2X5 mL) and the combined organics were dried over MgSO4,
filtered, and concentrated. Flash chromatography of the residueon 3 g
of silica gel with CH2Cl2-acetone (4:1) as eluent gave 21 mg of product.
1H NMR (400MHz, CDCI3) This material was 2:1 mixture of rotamers.
d 8.40 (bs, 2/3H), 8.25 (bs, 1/3H), 7.70(d, 2/3H), 7.60 (d, 1/3H), 7.40
(d, 2/3H), 7.35-7.10 (m, 5H), 6.90-6.80 (m, 2H), 6.18 (dd, 1H), 5.30-
5.13 (m, 1H), 4.95(bs, 2/3H), 4.90 (s, 1/3H), 4.45 (bd, 2/3H), 4.35 (bd,
1/3H), 385-3.70 (m, 2H), 3.70-3.55 (m, 2H), 3.30-3.10 (m, 2H), 2.70 (t,
1H), 2.45 (1, 1/3H), 2.35 (t, 2/3H), 1.49 (s, 3H), 1.45 (s, 3H), 1.41 (s,
9H), 1.20 (dt, 1/3H), 0.95 (bd, 2/3H), 0.90 (dt, 2/3H), -0.05 (dt, 1/3H).

20
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-95 - Step E: N[I(R-[(1,2- D|hydro 1-trifluoronet hanesul f onyl - 5-
fluoro-spiro[3Hindol e-3 ,4' -piperdin]- 1 "'-yl)carbonyl]-2-

(i ndol -3-yl)et hyf T=--2-et | hyI propanam de trifl uoroacetate To
a solUtion of 21 msﬁ&zﬂ&;@e&nm&ﬁwn@dl ate obtained from Step D was
malntalnedlnlm_ t hane and 1 nL of trifluoroacetic acid
at roomterrperatur The volatiles were evaporated to
dryness and tnitur er to give a yellow solid. [err]H NVR
(400MHz, CD[err] QD) ThIS rraterlal was 2:1 glxture of rotan§8§ %ﬁyr]
7.65(d, 2/3H), 7.60 (d, 1/3H), 7.42 (d, 2? 7.35-7.10 (m % g
6.93-6.80 (m 2H), 6.24 (dd, 1H), 5.30513(m 1H), 4.95(bs, 2/ 3H),
4.90 (s, 1/3H), 4.45 (bd, 2/3H), 4.35 (bd, 1/3H), 385-3.70 (m 2H) ,

3.70-3.55 BOBI- 124Dihgdns | ¢trifliddbmethdbe 1
2.35 (t, 25%)% r(mnn(zaany Vo torty %9

330 otar i s S et s -ekd. st 4

N[1 (R-[(1,2-D hydro- MH:"'

Spi rol 3 1 ndol o-3, 4 - pi peec 4] &2%8%& ega:eaamhz

am no- 2- neghyl ropanam de tr| uqroace
N-[1(R-[(1,2- eandlmLof

sul fonyl - 5-f1 Uﬁiﬂuéﬁdc@h@"&dl@% 'rﬁoﬁa ﬂ-.m Lraffre ml-]301mm Zfhe volatiles were

| b 1] -2- do t
V1) fhuor ohcer i aporated i diynies¥ andigiharadid Siflb sl 0 2ivg apyeliow solid.
i nt er medi at e obBHANMR (00NHz, CDROP)This niateninl wasz: ihmmmteof

and 0_024 gy ofPIERy Mﬁ%@%ﬁ“%ﬁé&e&ﬁ%@ Tﬁzﬁqmgyﬁ?p@’% 1h

The reacti on wWaED)p6.H36.80 (my 2, 6.24 (dd, BE),2xd0dui3 (onyi L), c‘b.95

sol ution and s$j %iéx 1}’3 q! equ§5 85t vm th
CHerr]d [err] agq l{i&) ani bri ne
ARHSRAS A Yo g e A A,

Chr omai og;:arenhyzgs (tbQ/SH)”IE; @N3BY, 1.45 @ 33) 098 a5, %H) 090(dt,
CHerr]d [err]%oa&b {d )l/fﬁ)el dent gave 4 ng of produc

EX LE 27

N-{1(R){(1,2-Dihydro-1-[methoxycarbonylimethylsulfonyl-5-fluoro- -
spirof3H-indole-3,4'-piperdin]}-1'-yl)carbonyl]-2-(indol-3-yl)ethyl]-2-

20 ino-2-methylpro ide trifluoroacetate
Step A: N-[1(R)-[(1,2-Dihydro-1-[methoxycarbonyljmethyl-
sulfonyl-5-fluoro-spiro[3H-iridole-3,4"-piperdin}]-1'-
ylcarbonyl]-2-(indol-3-yl)ethyl}--2-methylpropanamide
23 trifluoroacetate
To a solution of 77 mg of the intermediate obtained from
Step C of Example 26 in I ml of dichloromethane at 0°C was added
0.30 mL of N-methylmorpholine, and 0.024 mL of 2-carbomethoxy-
50 methanesulfonylchloride and stirred for 1h. The reaction was poured

into 5 mL of 5% aqueous sodium carbonate solution and stirred for 5
min. The aqueous layer was extracted with CH2Cl2 (2X5mlL) and the
combined organics were washed with brine (5 mL), dried over MgSO4,
filtered, and concentrated. Flash chromatography of the residue on Sg
of silica gel with CH2Cl2-acetone (4:1) as eluent gave 64 mg of product.



- 96 - [err]H NVR (400MHz, CDCl[err]) This material was 2:1 m xture .

of rotaners. [err] 8.48 (bs, 2/3H), 8.35 (bs, 1/3H), 7.70(d, 2/3H),
7.60 (d, 1/3H), 7.40 (d, 2/3H), 7.32 (d, 1/3H), 7.25-7.00 (m 4H),
6.90-6.78 (m 2H), 6.18 5 (dd, 1H), 5.30-5.20 (m 1H), 4.97(bs, 2/3H),
4.91 (s, 1/3H), 4.50-4.35 (2bd, 1H), 4.02 (s, 2/3H), 3.99 (s, 1/3H),
3.76(qg, 2H), 3.58 (s, 1H), 3.56 (s, 2H), 3.08-3.07 (m 2H), 2.72 (t,
1H), 2.50-2.30 (2t, 1H), 1.65 (t, 1/3H), 1.50 (s, 2H), 1.46 (s, 4H),
1.40 (s, 9H), 1.30 (m 1/3H), 1.10 (bd, 2/ 3H), 0.88 (dt, 2 0. 13
(dt, 1/3H. 10 Step B: -96 - 183895y’

N[1(R)-[ (1, 2- Di hydro-1-[ net hoxycar bonyl ] net hyl -
sul f onyl - 5-f | uor o- splro[SH-lndoIe 3 , 4" -piperdin]]- 1'-

) FeentL; 0 ML oW 59 e o o
hntﬁlrmedlatﬁ 0 %ﬁgﬁsf‘yﬁg@ 835@ 12?}%& % H%ga(a , 140
I chl oromet an@d, ), 321(d, 1/3H]},"7.25:000%6£ 4H), 6:90-6178 r(ﬁPfQHFJW‘iBat ur e
oS0 I TR LB S A n, g Y EE D4 B T s s =
(400MHz, CB[ gr 2@) 1H) &meﬂim) \/3199 Zs,lllﬁmt, Bc76(gf 2H), 3.58 (s,0tHNES. 53/ A
a3 5 620G QB ST 2ty 2 PR B 20 Tt TS T
6 95 6.85 (m 1/3H),6l.30 (sdBH);Lliﬂé)(s 1(491(8,91?;)1 38, ?fnggld?:li) g/rrl?,o ® e
3 76( 3382(H)bOI 32@? 0. éﬁ)ﬁt’($§92/'éwszw P@}&S; 3207H% m 2H), ( ; 72 (tH? 1H),
2. 50- 83 1.65 (t, 1/3H). 1.65 (s, 2H), 1.60 (s, 4H), 1.30 (m
1/ 3H) ( b§ _teﬁl@"') N-BER)AY(1,22Dihydro-0-[hikthexycarbotlyjmeth§
sulfonyl-5-fluoro-spiro[ 3H-indole-3,4'-piperdin}]-1'-
yl)carbonyl]-2-(indol-3-yl)ethyl]-2-methylpropanamide
trifluoroacetate '
To a solution of 24 mg of the intermediate obtained from
Step A was maintained in 1 mL of dichloromethane and 1 mL of
trifluoroacetic acid at room temperature for 30 min. The volatiles were
evaporated to dryness and triturated with ether to give 23 mg ofa
colorless solid.
1H NMR (400MHz, CD30D) This material was 2:1 mixture of
rotamers. 3 8.70 (bs, 1/3H), 8.60 (bs, 2/3H), 7.60(m, 2/3H), 7.50 (d,
2/3H), 7.48 (m, 1/3H), 7.40 (d, 2/3H), 7.31 (d, 1/3H), 7.25-7.00 (m,
4H), 6.95-6.85 (m, 1H), 6.70 (dd, 1/3H), 6.15 (dd, 2/3H), 5.20-5.10 (m,
1H), 4.38 (bd, 1/3H), 4.28 (bd, 2/3H), 4.02 (5, 2/3H), 3.99 (s, 1/3H),
3.76(q, 2H), 3.58 (s, 1H), 3.56 (s, 2H), 3.08-3.07 (m, 2H), 2.72 (t, 1H),
2.50-2.30 (2t, 1H), 1.65 (t, 1/3H), 1.65 (s, 2H), 1.60 (s, 4H), 1.30 (m,
1/3H), 1.00 (bd, 2/3H), 0.88 (dt, 2/3H), -0.10 (dt, 1/3H).
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-97- EXAMPLE 28
N-[1(R) -[(1, 2-D hydro- 1 -nethanesul fonyl-5-fltuoro-sprro {3t ndol e-

3,4 -piperdin]-1"-yl)car bonyl] 2- (phenyl net hyl omgﬁggams]ge& RPhRe- 2-

met hyt propanam de hydrochl ori de Step A ln luu" ,Il lm

N[1(R-[(1, 2- D hydro-1-benzyl oxycar bonyl -5-fl uo
spiro[ 3Hindol e-3,4' -piperdin]-1"'-yl)carbonyl]-

met hyl oxy)ethyl]-[[( 1,1 -di nmethyl et hyl oxy)carbonyl] am no]- 10

2- met hyl pr opanam de To O. g of the

1, 2- Di hydr o- 1- benzyl oxycar bonyl - 5- ‘?9370' 188399IBY

fl uoro-spiro[ 3Hi ndol e- 3, 4' - pi perdi ne] obtained from Step A of Exanpl e
26 in 10 nL of 1,2-dichloronmethane at roomtenperature was added 0.35 g
of N-tBOC- O benzyl-D-serine, 0.195 g %K@T_Eggd 15 0.30 g of EDC and
stirred for 18h. The reaction m ctured was poured into 10nL of water
and extracted with CHerr]dJ[err] (2X10 nL). The conbi ned organics were

washed wi th 20 NAf1(R)-[(PRDihydroatmethatesdlfonyl-Sfluoaospita3HNmdslger r ],

it or moth a1 oeAT ﬁ@%rﬁl%@ﬁf%?@%ﬁﬁgmﬂ ‘581“’%{"‘6?‘1184{@%1?2#‘%&@ ! ine s

m_ of trifluor caethylpropanamide hrydrochlogid&T for 30 nin. The reaction

m xture.was concentrated, diluted with 5.0 nmL of dichl oronmet hane and
carefully basified with 10 of 10% ueous sodi um carb te solution.
The organic | apteps seb&{gbﬁh[(l gﬁﬂﬂdﬂ'ﬂg ﬁﬁﬂ%ﬂ@ F&{B!?n)ﬂaf‘ Pher

ext Lagt eth E:)hnEX1f5 L o\%\gﬁ-@ mcﬁug[@.g&; hlgltsylwe(rje g
washed wi 0 as i | ter an
concentr at gfq) to give Wgﬁl%yé‘?&wﬁ{[ﬁnl &%@Xﬁ%’@%ﬁ% ohy] ino}-

To 0.39 ¢ t he above |at-nraﬁaﬂMamaniiﬂ€n_ of 1, 2- di chl ororret hane

G of HOBT. and .30 o of LT a0.£ Of tpp d IxirE-1-bepey By CHt @é@“ v

m xtured was p d—Spum{bemdolo+3 %pmrdu&] obtamedtﬁram Stﬂ

C:c-l[(i(r)(ry]d[err] % OHPII ﬁ% On}i 9"”’20 mL
gnd co(;lglem Ir ;t 33(1@# gﬁ Q‘JEQW rine, 0. 1 g ofﬁ(') o
030 g of EDC and stirred for 18h. The reaction mictured was pouned
mto 10mL of water and extracted with CH2Cl2 (2X10 mL). The
combined organics were washed with 20 mlL of 10% citric acid, 20 mL
of saturated NaHCO3, dried over MgSO4, and concentrated.
To a solution of the intermediate obtained from Step A in 5
20 mL of CH2Cl was added 5 mL of triftuoroacetic acid and stirred at RT
for 30 min. The reaction mixture was concentrated, diluted with 5.0
-mL of dichloromethane and carefully basified with 10 mL of 10%
aqueous sodium carbonate solution. The organic layer was separated
and the aqueous layer was further extracted with 2X15 mL of
dichloromethane. The combined organics were washed with 5 mL of
water, dried over potassium carbonate, filtered and concentrated to give
0.39 g of the amine as a thick oil.
To 0.39 g of the above intermediate in 10 mL of 1,2-
dichloromethane at room femperature was added 0.24 g of N-{BOC-o-
3% methylalanine, 0.195 g of HOBT, and 0.30 g of EDC and stirred for
18h. The reaction mixtured was poured info 10 mL of water and
extracted with CH2Cl2 (2X10 mL). The combined organics were
washed with 20 mL of 10% citric acid, 20 mL of saturated NalHHCO3,
dried over MgS04, and concentrated. Flash chromatography of the

25



-98 - resi due over 30 g of silica gel wth hexane-ethyl acetate (2:1)
as el uent gave 0.33 g of product [err]H NVMR (200WVHz, CDC.[err])
[err] 7.80(bs, 1H), 7.50-7.15 (m 5H), 7.10(hbd, 1H), 6.90-6.70(m 1H),
6.27 {bd, 1H), 7.35-7.10 (m 5H), 5.35-5.10 (m 5 3H), 4.99 (s, 1H),
4.70-4.40 (m 3H), 3.90-3.50 (m 4H), 3.15-2.90 (m 2H), 2.80-2.50 (m
2H), 1.80-1.40 (m 2H), 1.50 (3H), 1.42 (s, 6H). Step B:
N[1(R-[(1, 2-Di hydro-5-fluoro-spiro[3Hindole-3,4 '-
pi perdin]-1' -yl )carbonyl]-2-(phenyl nethyl ggy)ethyl ]-[[(1 , 1-

ggy) et h 18s90mBY .

di net hyl et yl oxy) car bonyl ] am no] - 2- net hyl pr8panam de

solution of 0.330 g of the internedi ate obtained from Step Ain 5 nL
of ethanol at was added 1 drop of triethylam ne and hydr ogenated with
hydrogen bal | opgside o%r30 of whh hexahe-etidy] acetatef(R: Hhaseladne pad
of celite and washacﬁin w acetate. The filtrate was concentrat ed
to give 0.269 & s a col orless foam H NVR
(400MHz, cDA [ &H NMRe(200MHzs CDO13) 817.80¢bs, 1H),77.5068.15 710(bd,

ol D R S O 540

3. 18- 3. 30 (:s,zlft)sﬂ( 449 (m, 34),13.90-3. (m4)4H). 3135¢2 Oéﬂﬂ,\, 20
1.42 2

N IR [(Z')z 20730 (m, 2H), 180,14 68, 98D, 1.50 (3HD, 1.42 s, 68D

spi ro[ 3Hi ndol e- 3 4' -pi perdin]-1"-yl)cal bonyl ] -2-(phenyl - 25

gfnt Egi ogyargz Eys 2 ((a ﬁarln %;[@(Rt)tﬂ(l @-lnihydvd—saﬂﬁmklbm[3}|1-1ﬂdole-3 A'- he
i nt er nedi a.#ﬁjr gm gt ep é’lPﬁ din]- 1"y1)ﬁ_aﬂ8?nﬂ}]9ﬁ@e&@ﬂ?§%lo 73 e%@éa%b’qow m.
y

of N-neth r phol i ne," hvlbthviox® cdrbohviietinok2unethwlbrdpanamideand
stirred at O[err]C for W th
an additi onal 5 mL of 38?8|ac§ﬁlgﬁhﬂeq Q%Sbgéfw%&%t%%%w satur at ed
sodi um bi car bohtepeA in 5 mblaftathanolat was edded ad] and

concentrat ed. ﬁgépgza 168n f&qﬁ eqrﬂéu&m{v% fHltefedsi | i ca
gel gave 0.101 ﬁtﬁroughapa o cél?t%?mfwﬁe& with ethyl acetate. The filtrate
15 \was concentrated to give 0.269 g of the product as a colorless foam.
1H NMR (400MHz, CDCI3) § 7.35-7.20 (m, 4H), 7.17-7.08 (m, 2H),
6.80-6.65 (m, 2/2/3H), 6.27 (dt, 1/3H), 5.20-5.10 (m, 1H), 4.90 (s, 1H),
4,60-4.40 (m, 3H), 4.00 (bt, 1H), 3.75-3.60 (m, 1H), 3.55-3.40 (m, 3H),
3.18-3.30 (m, 2H), 2.90-2.65 (m, 1H), 1.83-1.50 (m, 4H), 1 A8 (s, 4H),
20 142 (s, 2H), 1.39 (s, 9H).

Step C: N-{1(R)-[(1,2-Dihydro-1-methanesulfonyl-S-fluoro-
spiro{ 3H-indole-3,4'-piperdin]-1'-ylhcarbonyi]-2-(phenyl-
25 methyloxy)ethyl]-[[(1,1-dimethylethyloxy)carbonyl}-
aminol-2-methylpropanamide
To a solution of 0.134 g the intermediate from Step B in 5
mL of dichloromethane was added 0.080 mL of N-methylmorpholine,
and 0.022 mL of methanesulfonylchloride and stirred at 0°C for 30
min. The reaction mixture was diluted with an additional 5 mL of
dichloromethane and washed with 5§ ml. of satarated sodium bicarbonate
solution, brine (5 mL), dried over MgSO4 and concentrated. Flash
chromatography of the residue over 20 g of silica gel gave 0.101 g of
the des:red product
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299 - [err]H NVR (400Mz, CDCl[err]) [err] 7.40-7.20 (m 5H), 7.08

(d, 1H), °6.95- 6.80 (m 2/1/3H), 6.23 (dd, 2/3H), 5.20-5.10 (m 1H),
4.90 (bs, 1H), 4.60 (bd, 2/3H), 4.58-4.40 (m 3/1/3H), 4.10-4.00 (m
1H), 3.388-3.70 5 (m 21/3H), 3.66-3.60 (m 1/2H), 3.60-3.50 (m 1H),
3.10-2.95 (m 1H)), 2.86 (s, 1H), 2.84 (s, 2H, 2.80 (t, 1/3H), 2.65
(t, 2/3H), 2.90-2.50 (m 4H), 1.45 (s, 4H), 1.44 (s, 2H), 1.42 (s,
3H), 1.40 (s, 6H). Step D

N[1(R) -[(1, 2- D hydro-1-nmet hanesul f onyl - 54kl uor o- 10

spi ro[ 3Hi ndol e- 3, 4" - pi perdi n] - 1' yI)cang yl]-2-(phenyl - 18899IBY

nmet hyl oxy) et hyl ] - 2- am no- 2- net hyl pr opanam de
hydr ochl ori de To a sol utlon of 0.101 g the internedi ate

H.Om i)regagelt |n H ( @D@l@)ﬁ"?&% for, qc%&(& cg%'eact i on

e ueoroacet | & 85 ki AHAHD, 6.23 (3 JARL SIS, %mm,ms Sodt um

ﬁi; bo%lte scr)r{)um@l(bd,OmH)ASSA 40 (m@/l%ﬁ)adr.%m <319§8‘-134:f?§(hed(3><5
e conbi

over pot asst i AUAEd 356:3.60 (o, 1AED), (RS0 ), Zf »ézmn T,

di ssolj\éeg i {1 c2)2r85_|_(ﬂ, Hﬂ)}ﬂ 84;(8;2& 280 (t, 18H), (2?5)(@12131‘1)4;&9? toﬁﬁ;&rﬁ;%c

was added a

washed with Et %{QI 14! §qui) A (), 1.42 (s, SED); £ (/séﬁg 1y of the

product as a white solid. 1H NNR(4OOM—|z CD[err]CD) [err]

7.40-7.20 (m S . 08 I\Fi il%:ﬂ dro-1 -me&ﬁésﬁlfbn? SLfHibro-6- 23 (dd

oler

2/3H), 5.20-5. 1 3/1/3
410400 ?m 1H), m3 30HBITO0 %I@@m >1-yT)earbogytl 2 iheny

D5 ST, 3 do e Benaee sbvipropmenies o4 (= 21
1.44 (s, 2H). 30 drébhlotid (m 49 s
To a solution of 0.101 g the intermediate from Step C in

1ml. of dichloromethane was added 1.0 mL of trifluoroacetic acid and
“maintained at RT for 30 min. The reaction mixture was evaporated to
dryness, basified with 10% aqueous sodium carbonate solution (10 L),
and extracted with dichloromethane (3X5 mL). The combined organics
were washed with brine (5 mL), dried over potassium carbonate, and
concentrated. This material was dissolved in 2 mL of ethyl acetate and
0.10 mL of 4M HCl in EtOAc was added at 0°C. The precipitate was
filtered under nitogen and washed with EtOAc/ether (1:1) and dried to
give 62 mg of the product as a white solid.

IH NMR (400MHz, CD30D) 6 7.40-7.20 (m, 5H), 7.08 (d, 1H), 6.95-
6.80 (m, 2/1/3H), 6.23 (dd, 2/3H), 5.20-5.10 (m, 1H), 4.60 (bd, 2/3H),
4.58-4.40 (m, 3/1/3H), 4.10-4.00 (m, 1H), 3.388-3.70 (m, 21/3H), 3.66-
3.60 (m, 1/2H), 3.60-3.50 (m, 1H), 3.10-2.95 (m, 1H), 2.86 (s, 1H),

2.84 (s, 2H), 2.80 (t, 1/3H), 2.65 (&, 2/3H), 2.90-2.50 (m, 4H), 1.45 (s,
4H), 1.44 (s, 2H). .
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-100- EXAMPLE 29 Step A
N-[1(R) -[(1, 2- D hydro-1-benzenesul fonyl - 5-fl uoro-
spi ro[ 3Hi ndol e- 3, 4" - pi perd| n]- 1'-yl)carbonyl]-2-

trlfluoroacetate To a solution of 0.026 g the internedi ate
from Step SShﬁefH@B in 2 mL of dichl oronethane was added 0.020 ni

of N-rreth and 0.012 m. of benzeneesul fonyl chl ori de and 10
stirred at O eaction m xtur s poured into 10 E?‘{SQQIBY
et her and washed of saturated” Um bi car bonat e sol )

dried over MgS err] and concentrated. Fl ash chromat ography of the
residue over 10 g of silica gel with CHerr]C[err]-ether (2:1) as eluent

gave 0.019 g of the product. 15 EXAMPLE 29 This naterial was treated
with 1 nmL of dICh| or onet hane and 1 nL of trifluoroacetic acid for 1h.

The reaction xture was V. r d,to,qryness t,h SI due was

triturated wit oNgu\@S Rf%z@lﬁijd@rlﬂ?%we W%)ﬂr 03s a white

sol i d. [err] H NVR (zgi H g sle:3 Apierdid]-T-gDcibongly-2- 7. 70- 7. 55 ()
Hegy

2H), 7.55-520 7.50 (m %&Yéoﬁge@i]%@mﬂ’%@%wp?ﬂ?@% 32 82

(dt. 2/3H)° 647(
(bt, 1H), 3.94- sEifluoraadetate 75-3.65 (m 2H), 3.10 (dt. 1H). 2.80

(dt. 1H, 1,73 (dt. T&'d)solé}é?ﬁcg?oi@gﬂﬁﬁ%ﬁﬁedﬁ@mﬁxﬁ%ﬁﬁoflm1

1.38 (dt. 1H), _1.10 (dt
EXAMPLE 30 Example 27 in 2 mL of dichloromethane was added 0.020 mL. of

|\P[l(R) [(1 2- ﬁ)zei? [bezk h@q&r

by oeht or E ﬁi dﬁ@iég 9 qu %‘ﬁﬂr(g fire ”gé@dﬁfdﬁ to’iopmipa%‘am de
ydr oc or|

N[1(R-[(1, 2 &¥hey and- v’lraﬂﬁalzwiﬂlxﬂ Qﬂtbﬁfﬁ:ﬂtuﬂt&d Sdditim bicarbonate solution,

i 571, Al S s el R iRy of e
met hyl pr opanantesidue over 10 g of silica gel thh CH2Clp-ether (2:1) as eluent gave
0.019 g of the product.

15 This material was treated with 1 mL of dichloromethane
and 1 mL of trifluoroacetic acid for 1h. The reaction mixture was
evaporated to dryness and the residue was triturated with ether to give
18 mg of the desired product as a white solid.
1H NMR (400MHz, CD30D) 8 7.80 (d, 2H), 7.70-7.55 (m, 2H), 7.55-

20 7.50.(m, 2H), 7.40-7.20 (m, 42/3H), 7.03-6.92 (m, 1H), 6.82 (dt, 2/3H),
6.47 (dt, 2/3H), 5.08 (dt, 1H), 4.60-4.48 (m, 2H), 4.33 (bt, 1H), 3.94-
3.85 (m, 3H), 3.75-3.65 (m, 2H), 3.10 (dt, 1H), 2.80 (dt, 1H), 1.73 (dt,
1H), 1.58 (s, 4H), 1.56 (s, 2H), 1.50 (dt, 1H), 1.38 (dt, 1H), 1.10 (dt,
2H).

25
EXAMPLE 30

N-[1(R)-[(1,2-Dihydro-1-ethanesulfonyl-spiro[3H-indole-3,4"-piperdin]-
1'-yl)carbonyl}-2-(phenylmethyloxy)ethyl}-2-amino-2-
30 methylpropanamide hydrochloride

Step A: N-[1(R)-[(1,2-Dihydro-1-benzyloxycarbonyl-spirof 3H-
indole-3,4'-piperdin]-1'-yl)carbonyl}-2-(phenylmethyloxy)-
ethyl}-[{(1,1-dimethylethyloxy)carbonyl]amino]-2-
methylpropanamide ]




- 101 - To 5 g of the

1, 2- Di hydr o- 1- benzyl oxycar bonyl - spi r o[ 3H I ndol e- 3, 4' - pi perdi ne]
hydrochl oride in 100 nL of dichl oronethane at roomtenperature was
added" 3. 64 g of N-tBOC- O benzyl - D-seri ne, 1.83 g of HOBT, 2.60 nL of
N- met hyl nor phol i ne, and 3.70 g of EDC 5 and stirred for 18h. The reaction
m xture was poured into 100 nL of wat er and extracted with _

CH err]Cd[err] (2X 100 nL). The conbi ned organics were washed with 100
mL of 10%citric acid, 100 nL of saturated NaHCO3, dried oy

MySO err], and concentr at ed. - 101 -10 a sol ution of t1§§99IBY

I nternmedi ate obtained fromStep Ain 20 nL of CHerr]C[err] was added
20 mL of trifluoroacetic aC|d and stlrred at RT for 30 mn. The

reaction mxture was con nzvl l-splroJe

di chl or onet hane and ¢ a5| e @ ous
sodi um car bonatRdalgr3, -Bmerm] YA m ﬁﬁm t&ﬁﬁetaﬁe
The. combi ned of gomm KRGS Nt A0ded BLt SO NABOL-O ooyl e,
pot assi um %arbaﬁgo“fm@m@m ﬁ: "rtgh}ﬁ ofpheling, an dBC}h ﬁ‘ncﬁ‘ﬁbas a
Ejhl(r:mlk oil. ) and stirred for 18Ho Flecrenivtion miktarermvisopen A ved im0 H00GL of

i chl or onet han -
N-t BOC- a- net hyI %%%%exﬁg@fm%?wlw LH% 'Bﬁ@c@FSﬁnB&dangamtl rred
for 18h. The r wereiwashed withi I@anddofdﬁ%@]trmwdcdomcmh_oﬁsammtad and
extrauted w t hNgHI€O j%&fﬁ%ngS@Z%%ﬂcen egontn ned organics were

washed with 20 nL of OfV C|tr|c 20 sat t ed NaH err]
dried over _MySO err], ando a solugigncaf: mnqé{a@pmm%

resi due Ové983§1209mm‘oﬁOHzﬁlt22ﬁrasQdﬂedﬂ%nﬁ%ﬁ(ﬁ%lgbfodcm%mdanﬂ&tﬁ}e@s

el uent gave duc eLr er er
7.85(bs, 1H), tgé‘o%mpga iy Bh?fel)c%}l mixture %dﬂlﬁ%

1/ 3H), 6.88(t, Sﬂ)/zﬁﬂ)ofdldiﬂo(omethaﬁelahd d‘aréﬁt]ly basxfﬁdmmrﬂomthoﬁm%S 10

(m 1. 1ist, sadgeotloditntea fm‘gl /%a‘%ﬂmﬁg%%éﬁﬂmi‘ 0-3.80

2.82-2.60 &ﬁt anmyhcaqgeonswe(rrwass of (s, 2H)
1.40 (s, 9HP. dichloromethane. The combined orgamcs were Washed with 50 mL of
' water, dried over potassium carbonate, filtered and concentrated to give
the amine as a thick oil.
| To the above intermediate in 50 mL of dichloromethane at
room temperature was added 2.50 g of N-tBOC-a-methylalanine, 1.83
20 o of HOBT, and 3.70 g of EDC and stirred for 18h. The reaction
mixtured was poured into 10 mL of water and extracted with CH2Cl2
(2X10 mL). The combined organics were washed with 20 ml of 10%
citric acid, 20 mL of saturated NaHCO3, dried over MgSO4, and
concentrated. Flash chromatography of the residue over 300g of silica
gel with hexane-ethyl acetate (2:1) as eluent gave 8.1 g of product
1H NMR (400MHz, CDCI13) 5 7.85(bs, 1H), 7.45-7.20 (m, 10H), 7.20-
7.05 (m, 22/3H), 6.95 (t, 1/3H), 6.88(t, 1/3H), 6.53 (dd, 2/3H), 5.35-
5.20 (m, 2H), 5.20-5.10 (m, 1H), 4.92 (bs, 1H), 4.65-4.20 (m, 4H), 4.05
(bd, 2/3H), 4.00-3.80 (m, 1,1/3H), 3.80-3.60 (m, 1H), 3.10 (t, 2/3H),
30 300-2.85 (m, 1/3H), 2.82-2.60 (2t, 1H), 1.90-1.55 (m, 5H), 1.49 (s,
4H), 1.42 (s, 2H), 1.40 (s, 91).
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-102 - Step B:

N[1(R)-[(1, 2- D hydro-spiro[3Hindol e-3, 4" -pi perdin]-1"-

yl ) carbonyl ] =2=(phenyl-ret-hyl-oxy) ethyl ] -[[ (1,1 -di nethyl -

et hoxy) car bony Irhiagi.0 9k s . Eﬁ Ipr opanani de To a solution

of 8.10 g of th bt ai ned from Step Ain 80 nL of ethanol
was added 1 g of hydr oxi de/ C and hydrogenated with
hydr ogen bal | oo catal yst was filtered off through a pad of

celite and vvashed W|th et hyl acet at e. @e filtrate was concigggé .gd to
give 4.69 g of the product as a col Grll 3§ foam 10 [err]H @ OMHz
CDCl[err]) [err] 735720(m 5H) 718(d 1/2H), 7.10 (d, 1/2H),

7.04-6.98 (m 2H), 6.75-6.60 (m 5.20-5.10 (m 1H) 4.97 (bs, 1H)

4.55-4.40 (m B2 95 NUL(R) l,ﬁmﬁy&diép mkmdoxe-w SREBR-1LT 1H),
3.50-3. 33 0 Sftark 3; -
T 47 (s, 4(H)rn 1.42 (s1 23(43 1](2 éé;éﬁtmeﬁ Yéﬁtbé‘]?&l meffly>"

N-[1(R-[(1, 2- D hydr o- 1-ethoxydcs a_:;amlde 3

, 4" -piperdin]-1'-yl)car bg@ ¥ 088%?”8"15'% Bf#@égﬂtggfbg%%% o&tm&egggﬂla t he

2 am no- 2- get hyl pr oanan
i nt er medi ag‘é AtmoS(Bmhdﬂ’ethanolrmzamaddcctﬂlg)oﬁﬂﬂ%paﬂadnnnadded 0. 053 nL

of N ot ! o g R4 dlﬁﬂﬂo@ﬂa’tﬂg @guaaﬁ%g%o flg and
d 0
o o Ol s Aot off e adaaém o wanied RN

nL of saturat ege@tad, U'l"he filtrafd SRk OMRERtraRdO & ﬁe4969f$ofﬁléf})}0d1€bilﬁfh over
MySO err] and 25l &(% ntrated. Flash chromat ography ol the residue over 10

g of silic T CH err Cl[err]-ether 1) as eluent ave0057g
0O s ooPP ol MR (. (OIS 735555 6 sthod ks (b LRE Va0 g the

???fVFULPESEQF? @’P@aﬁaﬁ%ﬁ‘ﬁ%ﬂn?ﬁ@f%@w a4 oy St of

(r)nég ure w?s ﬁo g &), 4a55-4.40 g}ﬁﬂ 3a9|5lgdd; 1@&%&3@]11(@;@&0 gi ve
t 9.2 thesp 3,50-3 3112 10 (dt, 1 ,%W?
%%”?&;[?{rfﬁrt§ ggfi B8 e i

Step C: N-{1(R)-[(1,2-Dihydro-1-ethanesulfonyl-spiro[3H-indole-
3,4'-piperdin}-1'-yl)carbonyl}-2-(phenylmethyloxy)-ethyl}-
2-amino-2-methylpropanamide
To a solution of 0.158 g the intermediate from Step B in 5

mL of dichloromethane was added 0.053 mL of N-methylmorpholine,

and 0.034 mL of ethanesulfonylchloride and stirred at 0°C for 30 min

and RT for 1h. The reaction mixture was diluted with an additional 5

mL of dichloromethane and washed with 5§ mL of saturated sodium

bicarbonate solution, brine (5 mL), dried over MgSO4 and

concentrated. Flash chromatography of the residue over 10 g of silica
gel with CH2Cl2-ether (3:1) as eluent gave 0.057 g of the desired
product.

20

25

To a solution of 0.057 g the above intermediate in 1 mL of
dichloromethane was added 1.0 mL of trifluoroacetic acid and
maintained at RT for 30 min. The reaction mixture was concentrated to

~ dryness and triturated with ether to give 0.034 g of the product as a
yellow solid.
1H NMR (400MHz, CD30D) 8 7.40-7.25(m, 5H), 7.25-7.13 (m,
21/2H), 7.03 (t, 1/2H), 6.95 (t, 1/2H), 6.80 (d, 1/2H), 5.18 (dt, 1H),

30



- 103 - 188991 BY 4.60-4.42 (m 3H)" 4.08 (t, 1H),

3.96 (s, 2H), 3.83-3.70 (m 2H), 3.20- 3.15 (m 3H), 2.84 (dt, 1H),
1.90 (dt, 1H), 1.74-1.62 (m 4H), 1.62 (s, 2H), 1.60 (s, 4H), 1.33
(dt, 3H. 5 EXAMPLE 31 Step A

N[1(R-[(1, 2- D hydro-1-[2-net hyl - 2- propanesul f onyl -
spirof [3Hindol e-3,4" -piperdin]]- 1'-yl)carbonyl]-2-
(phenyl net hyl oxy)ethyl]-[[ (1,1 -dinethyl et hyl oxy) -

car bonyl ] am nol - 2- met hyl pr opanam de To a sol yiyl

0.212 g the internediate from Step B of - 103 - Example 29 in 2 MPIE&

1, 2-di chl oroet hane was added 0. 083 nL of triethylamne, and 0.054 nL
of isopropyl sul fonylchloride and stirred at Oferr]C for 30 mn and at

RT for 3h. The mmmr(mpsﬁ);reoms, 1H), 8.96 (s 2HD)j 3/8333507(mp2H), 3.29-

di chl or onet han d bonat e
sol ution, bri n%}f)s 5 g%( @3@#”{@%3974-1 621:@?? ﬁnrgms’ Fl ash
chr omat ogr aphy (sAHd)el 334dt, 13HY of silica gel with

CH err]C[err]-ether (3:1) as eluent gave 0.113 g of the desired 20

product . 5 To a sol ut ! on_of 0.101 g the above internedi ate
in 1 nL of di chl or onet hane was of trifluoroacetic acid
and mai ntained at RT for 30 mn. The reaction mxture was evaporated

to drynegs, Rhasifi odi rbonate ion (10
m), and%t edﬁﬂlrﬂﬁﬁd&/ﬁlﬁ@ il’@ {’@}g’ g‘?ﬁ :
orggni CS 25dvvere was hegpitof 3Hindolke-8 3 +piperdin]] et y:ly gﬁgb]sm um ) i of
car bonate, an con a In 0
ethyl acet gtpe and @%{YW@Y@% itgt Wl % §§§ 0[ err]C
EP?)A(F:)/r 2tC|h(Fa)lr t ?aglylaan dr o —— ﬁf &%“??’%ﬂ ite

! : f ]

lid. 30 H N 7.08
?8 IlH) , 6.95- g ]mpb%)ﬁ%k% %\1 (mﬁne waspgided 02@85 m 1H),
4.60 (bd, 2/3Hh1ethylamnfe Wﬂfﬁﬂﬂﬂ, Sfidoﬁ% Kulfonyichlotide ddd stiged%i- 3- 70
(1L“,) 2%/ glg) S @,.F for 30 mm %nd & RT for 3n.>The r%e Stion %uxu@e wasjéglu%eSS (m

with a 5 mL of dichloromethane and washed with 5 mL of saturated
sodium bicarbonate solution, brine (5 mL), dried over MgSO4 and
concentrated. Flash chromatography of the residue over 10 g of silica
gel with CH2Cl2-ether (3:1) as eluent gave 0.113 g of the desired
product.

20 To a solution of 0.101 g the above intermediate in 1 mL of

dichloromethane was added 1.0 mL of trifluoroacetic acid and

maintained at RT for 30 min. The reaction mixture was evaporated to

dryness, basified with 10% aqueous sodium carbonate solution (10 mL),

and extracted with dichloromethane (3X5 mL). The combined organics

were washed with brine (5 mL), dried over potassium carbonate, and
concentrated. This material was dissolved in 2 mL of ethyl acetate and

0.10 mL of 4M HCl in EtOAc was added at 0°C. The precipitate was

filtered under nitogen and washed with EtOAc/ether (1:1) and dried to-

give 88 mg of the product as a white solid.

3% 1H NMR (400MHz, CD30D) § 7.40-7.20 (m, 5H), 7.08 (d,1H), 6.95-
6.80 (m, 2/1/3H), 6.23 (dd, 2/3H), 5. 20-5.10 (m, 1H), 4.60 (bd, 2/3H),
4.58-4.40 (m, 3/1/3H), 4.10-4.00 (m, 1H), 3.388-3.70 (m, 21/3H), 3.66-
3.60 (m, 1/2H), 3.60-3.50 (m, 1H), 3.10-2.95 (m, 1H), 2.86 (s, 1H),

25
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-104-  2.84 (s, 2H), 2.80 (t, 1/3H, 2.65 (t, 2/3H-+—2.90-2.50 (m. _
4H), 1.45 (s, 4H), 1.44 (s, 2H)
EXAMPLE 32 5 Step A This Sheet Has Been Repla
N-[1('R) -[ (1, 2- Di hydr o- 1- [ 2- car bonet hoxymet hanesul f onyl - II,""'

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

nmet hyl oxy)ethyl ]-[[ (1,1 -di nethyl et hyl oxy) -car bonyl ]

am nol - 2- met hyl pr opanam de hydrochl ori de To a sol ution of
050 g the internediate from Step B of &(arrple 29 in 10 nL ﬁ§8 9

di chl or omet hane was added 0.21 nL of N~ et hyl mor phol i ne a 8 E% mL of
2- car bonet hoxynet hanesul f onyl - chloride and stirred at 0C for. 30 m n.
The reaction m xture was diluted with 10 nL of dichl oronet hane and
washed with 5 M84(s,ZH),280r(t HBH) Q66 A 3HNRI02.50 () 4H), bdsés, (5
m.), dried overrﬂgé%‘?g{]ﬂ{) and concentrated. Flash chromat ography of

t he residue ovg * ? silica gel with CHerr]OJ[err]-ether (3:1) as
el uent gave 0.529 g of the desired product . [err]H NVR (400 MHz,
CDCl[err]) [err] 7.39-7.20 (m 5H), Z?§§@1EL¥%3%1 20 21/2H), 7.08 (dt,

1H), 6.92 &t, 1/2H), 6.55 (d, 1/2H), - m 1H), 4.94 (bs, 1H),
4.60 (bd, 1H), 4.53-4.40 (m 2H), 4.10 (2bs, 2H), 4.05- 3.90 (m 2H),

g- Z)g Eg:, L':')DS%& A; Efit LPD(R)) [(3,6Dih drolli[abbarbanféihéxﬁﬁlethanes lﬁon]?l*) '
(s, 2H), 1.39 (s. 3§i &R@%g innﬂ)erﬁm]’]- -ﬁ?cérﬁbnyﬁ&-(pheny
N-[1(R)-[ (1, 2-Di hydr 0- 1- mmﬁmy}ahyﬂxﬁ@nr&mhﬁedmﬁbxy)-cmbonyl}

spi ro[ 3Hi ndol e- 3, 4' - pi pg 4 ‘{ol

(phenyhnet gl oxy) et hyl | -Z==&f
hydr ochl or o To n tonm b B0 s btomaedace fram Satbp\B of

intermediate |g e%9 in 10 ALY it 10.21Th1 %6f N-

S, o i A

‘r:n ar bO?ﬁt e S%‘j Ubh%dhdelﬂn&‘shrred at 0‘@‘1’0?80&&&1 eqhe feActbf thpitafewigne (3X5
). The combi 360 43 16 mL of dichloromethane and washed with 5 mL of

15 saturated sodium bicarbonate solution, brine (5 mL), dried over MgSO4
and concentrated. Flash chromatography of the residue over 20 g of
silica gel with CH2Cl2-ether (3:1) as eluent gave 0.529 g of the desired
product.
1H NMR (400 MHz, CDCI3) 8 7. 39-7 20 (m, 5H), 7.20-7.10 (m,
21/2H), 7.08 (dt, 1H), 6.92 (t, 1/2H), 6.55 (d, 1/2H), 5.20-5.10 (m, 1H),
4.94 (bs, 1H), 4.60 (bd, 1H), 4.53-4.40 (m, 2H), 4.10 (2bs, 2H), 4.05-
3.90 (m, 2H), 3.70 (dt, 1H), 3.63 (s, 11/2H), 3.61 (s, 11/2H), 3.59-3.50
(m, 1H), 3.05 (dt, 1H), 2.70 (dt, 1HO, 1.90-1.50 (m, 4H), 1.49 (s, 4H),
25 1.44 (s, 2H), 1.39 (s, 9H).

Step B: N-[1(R)-[(1,2-Dihydro-1-{2-carbomethoxymethanesulfonyl-
spiro[3H-indole-3 4'-piperdin]]-1'-yl)carbonyl]-2-
{phenylmethyloxy)ethyl]-2-amino-2-methylpropanamide
hydrochioride _

To a solution of 0.113 g the above intermediate in 1 mL of
dichloromethane was added 1.0 mL of trifluoroacetic acid and
maintained at RT for 30 min. The reaction mixture was evaporated to
dryness, basified with 10% aqueous sodium carbonate solution (10 mL),
and extracted with dichloromethane (3XS mL). The combined organics

20
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- 105- were washed with brine (10 nL), dried over potassium carbonate,

and toncentrated. This material was dissolved in 2 nL of ethyl acetate
and 0.20 nL of 4MHCO in EtOAc was added at O[err]C. Ether was added
and * the precipitate was filtered under nitogen and washed with ether
and dried to give 0.108 g of the product as a white solid. [err]H
NVR (400MH, CD[err]OD) [err] 7.40-7.20 (m 5H), 7.08 (d, 1H), 6.95- 6. 80

(m 2/1/3H), 6.23 (dd, 2/3H), 5.20-5.10 (m 1H), 4.60 (bd, 2/3H),

4.58-4.40 (m 3/1/3H), 4.10-4.00 (m 1H), 1‘3%388 3.70 (m 21/ 3Hy §§9@
3.60 (m 1/2H), 3.60-3.50 (m 1H), 3.10-295"(m lH) 2.86 (s, 1B ¥

2.84 (s, 2H), 280(t 1/ 3H), 265(t 2/3H), 2.90-2.50 (m 4H), 1.45 (s,
4H), 1.44 (s, EXAMPLE 33 5 Step

A: N-[1(R)- Meie&visﬁeddw@ﬂﬂbﬁﬁe (116 mky,ndtied over pbtasgium carbonate, and

e bt T i M A of i e

car bonyl ] ani no{) imBI0A¢ was added as108Cs Ether was added and 1o a

of ot ﬁQnng a ﬁpﬁi‘f@ ésgmﬁf’ém?@ﬁ&%f%ﬁ% wigfetergad L ¢ ™

aqueous SO ndrigdrtoxgive Q\ﬁ TQﬂuCg@SrﬁW Wiﬁé’hd reaction m xture
was acidifi ed i9] NMR (@00MBIZ TD3OD)PS F.40-7.200sh; SE1Y, 108 (&3 H), 693-ut ed

Corti ﬁéh”ﬁréingﬁﬂ i/fémﬁ‘fé’&&ﬁb? , 520%9-10,0p, 1) @iﬁ@”@%ﬁ%u

and concent r at 458-¢.40 ¢m, 3/0BHY 4010«'4 Ml(tn% IH), 3 33&4‘3 70 (m, ZHBH)

(4°°M?202C§§‘ 360 fm. 1121 %W?@;(ﬁ%‘i e

D250 GnodEB, S5 (5, 30

4. 60- 2°402(84 (312H),2.80
2H) 3.04 (dt, 193150 4 1. 42 6H), 1.33
AR (dt 414y 1.4 €0 249, (m b, 142 (s. 6,

EXAMPLE 33
15 StepA:  N-[I(R)-[(1,2-Dihydro-1-[2-carboxymethanesulfonyl-
spiro[3H-indole-3,4'-piperdin]]-1'-yl)carbonyl]-2-
(phenyimethyloxy)ethyl]-[{(1,1-dimethylethyloxy)-
carbon inol-2-methylpropanamide trifluoroacetate
To a solution of 0.126 g the intermediate from Step A of
20 Example 32 in 3 mL of methanol and 1 mL of water at 0°C was added 2
drops of 5N aqueous sodium hydroxide and stirred for 30 min. The
reaction mixture was acidified to pH=2 with 0.50N aqueous
hydrochloric acid, diluted with brine (5 mL), and extracted with
CH2ClI2 (2X5 ml). The combined organics were washed with brine(10
25 mlL), dried over MgSO4 and concentrated to give 0.098 g of a white
foam.
1H NMR (400MHz, CDCI13) 8 9.80 (bs, 1H), 7.45 (d, 1/2H), 7.40-7.13
(m, 7H), 7.02 (, 1/2H), 6.90 (t, 1/2H), 6.50 (d, 1/2H), 5.22-5.10 (m,
1H), 4.60-4.40 (m, 3H), 4.20-4.00 (m,3H), 3.92 (d, 1H), 3.70-5.50 (m,
30 2H), 3.04 (dt, 1H), 2.70 (dt, 1H), 1.93-1.50 (m, 4H), 1.42 (s, 6H), 1.33
(s, 9H).
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Step B N[1(R-[(1, 2- D hydro-1-[ 2-car boxymnet hanesul f onyl -
spiro[3Hindol e-3 , 4" -pi perdin]]-1'-yl)carbonyl]-2-

(phenyl met MQXM] 2- am no- 2- net hyl pr opanam de
solut'ion of 0.098 g the intermediate fromStep Ain 1

di chl oronet h %SHaMd{eﬂ;acg} of trifluoroacetic acid and
30 mn. The re was evaporated to dryness and

(400M#z, CO jgwg

To a
nmL of
stirred for

triturated

with ether to product as a white solid. [err]H NWMR
140-7.28 (m 7.24-7.15 (m ,
7.00 (dt, 1H), 6.80 (d, 1/2H) 5.17 (dt, q}% 4.60-4.45 (m ZH}SW 22
(d, 2H), 4.14-4.00 (m 3H), 381370(m 2H) , 322(dt 1H) 2.83
(dt 1H), 1.96 (dt, 1/2H), 1.80-1.64 (m 41/2H), 1.62 (s, 160(s
StepB:  N-[1(R)-[(1 2-Dmymwaa:arhoxmem

N—[l(R) [ (1, 2-Di hydro- 1-
spiro[3Hindole-3,4"-pip
(phenyl net hyl oxy) et hyl ] -

M%q@fe@ @Q#etg ,yl)carbonyl]-z-

car bonyl ] am no] - 2- met hy| P4 gpadiasi f(? aﬂafr 1 To a
| ut 0.2 { { ok T@é 2 ni
of 2 i of >anhis shsicaorampth er%@aﬁa@ﬂe&a lcof trif uam?@eﬂ d 0. 48 nt
For “3h: The rosaied for Squmaar s deastion tixture Wes acéf‘“on‘*ered
| S
diluted with. 1?1%@‘8# Yith:sdies i 0 HRE R dbe progifts (2X15 ).
The conbi ned otHENMRB (480MEzs CI3 DD 7.40-B:28@n,L éo(myer

MySO err] and

chr omat ogr

EPARL 7 R 1115 4,80

581408, m) t£669€£5 @,2),

g
CHerr]d [err]4é’&e(¢brﬂ'11241ﬁ-%;906(m§%) B84-3701m,25), 323 (@osI H2.83

material as a

(m 6H),

7. 20-

\§F PR 8 1) a0 L4 1 SEPLO R OF WIHE L6Q g™ [ =0

1/2H), 6.54 (d?H¥ 2H), 5.17-5.10 (m 1H), 5.00 (bs, 1H), 4.61-4.39 (m
3H), 4.10-3.95 (m 5H), 3.93- 3.74 (m 2H), 3.66 (ddd 1H), 3.53 (dt,
1H), 3.27 i:t, 2H), 3.00 (dt, EXAMPLEYS - _
Step A: N-[1(R)-{(1,2-Dihydro-1-[2-hydroxyethanesulfonyl-
spiro[3H-indole-3,4'-piperdin]]-1'-yl)carbonyl]-2-
(phenyhnethyloxy)ethyl}-{[(1,1-dimethylethyloxy)-
20 carbon 0}-2-methylpro ide trifluoroacetate

25

30

To a solution of 0.222 g the intermediate from Step A of
Example 32 in 2 mL of 2 mL of anhydrous tetrahydrofuran at RT was
added was added 0.48 mL of 2M solution of lithium borohydride in
tetrahydrofuran and stirred for 3h. The reaction mixture was quenched
with 0.50 mL of acetone, diluted with 15 mL of water and extracted
with CH2Cl2 (2X15 mL). The combined organics were washed with
brine(10 mL), dried over MgSO4 and concentrated to give 0.27 g of a
white foam. Flash chromatography of the residue over 10g of silica gel
with CH2Cl2-acetone (2:1) as eluent gave 0.129 g of the desired
material as a thick oil.
1H NMR (400MHz, CDCI3) § 7.32-7.20 (m, 6H), 7.20-7.10 (m, 2H),
7.09 (d, 1/2H), 6.98 ¢, 1/2H), 6.90 (t, 1/2H), 6.54 (4, 1/2H), 5.17-5.10
(m, 1H), 5.00 (bs, 1H), 4.61-4.39 (m, 3H), 4.10-3.95 (m, SH), 3.93-
3.74 (m, 2H), 3.66 (ddd, 1H), 3.53 (dt, 1H), 3.27 (dt, 2H), 3.00 (dt,



1H), 2.70 (dt, 1H), 1.90-1.50 (m 4H), 1.43 (s, 4H), 1.41 (s,--2H), -1. 36 -
(s, 9H). Step B: N[l (R-[(1 ,2-Di hydro-1 -[2- hydroxyet hanesul Iaceqyl

spi ro[ 3Hi ndol e- 3, 4' - pi perdin]] -1’ yI)carbonyI] 2-
( phenyl met hoxy) et hyl ] - 2- ami no- 2- net hyl pr opanam de J“m“lmlumu
trifI uor oacet at e To a solution of 0.129 ate
fromStep Ain 1m. of dichl oronethane was added 1 nL of trifluoroacetic
acid and stirred for 30 min. The reaction m xture was evaporated to
dryness and triturated with ether to Pq,ém g of the producg §9ﬁvnite
solid. [err]H NVR (400MHz, CDerr] QD) rr] 7.40-7.25 (m ﬁ?
7.25-7.13 (m 21/ 2H), 6.98 (dt, 1H), 6.80 (d, 1/2H), 5.20-5.10 (m 1H),
4.60-4.43 (m 3H), 4.10-3.90 (m 5H), 3.81-3.70 (m 2H), 3.40-3.33 (dt,

2H). 5,20 (. 1), 240 (&, R0, 4901150 (3, WY 1083 ()4 HI)1 41 61260, 156 1. 58

(s, 5H).
N[L(R-[(1, 2- th%;fpo 1-trifl uoronet hanenet hanesul f onyl -
spi ro[ 3Hi ndol e- 3, 4' - pi perd| nj-1' yI)carbonyI} 2-

(phenyl net hyl o hyl - 2 X -

carbonyl]a M\ﬁ hyl %‘ﬁ'gm l big ?%%roxyethanesulfonyl To a

sol ution o 0 150 g the spire[3t-dindole- pnrdmﬂ-bfyl)carbenywe 29 in 5 nL
of di chl oronet hane was aﬁﬂﬂa&ﬁé . 3% 0. 057 nL
of trifluoronethanesul f orfi, gld%geﬁlﬁiz tlrregi 8§or 5 mn.
The reaction m xture wast_lliﬁﬂglﬂé%ﬂ& d—0f- sodi um

—satukat.ed.agueous—
bi carbonate sol ution andTed selatief of 0.129 m&iﬁietﬁe&wmmmne- The

and. concent pat JL S48 Sh&%m%hﬁagﬁgsﬂ}”@ o Btipofiaretciadia A

silica gel S t stitredcfoe-30 min. diee reactioh: jxtase evascen appratedotol safandhe

- d d product 40 7.15
e
(bs. 1H). 4 70AHENMR, (4
31(6)g 3. 50 (m 3 608 (@, 1H), 6.80 (d, 1/2H), 5.20-5.10 (m, 1H), 4. 60—4 43 (m,
3H), 4.10-3.90 (m, SH), 3.81-3.70 (m, 2H), 3.40-3.33 (dt, 2H), 3.20 (dt,

15 1H), 3.82 (dt, 1H), 2.00-1.63 (m, 4H), 1.61 (s, 1H), 1.58 (s, SH).

EXAMPLE 35

Step A: N-{1(R)-[(1,2-Dihydro-1-trifluoromethanemethanesuifonyl-
' spiro[3H-indole-3,4"-piperdin]-1'-yI)carbonyl]-2-
(phenylmethyloxy)ethyl]-[[(1,1-dimethylethyloxy)-
carbonyllaminol-2-me O ide hydrochloride
To a solution of 0.150 g the intermediate from Step B of

Example 29 in 5 mL of dichloromethane was added 0.10 mL of N-

23 methylmorpholine and 0.057 mL of trifluoromethanesulfonic anhydride
and stirred at 0°C for 15 min. The reaction mixture was diluted with 5
mL of saturated aqueous sodium bicarbonate sohition and extracted with
2X5 mL of dichloromethane. The combined organics were washed with
brine (5 mL), dried over MgSO4 and concentrated. Flash
chromatography of the residue over 10 g of silica gel with hexane-
acetone (3:1) as eluent gave 0.136 g of the desired product.

- 1H NMR (400 MHz, CDCI3) 8 7.40-7.15 (m, 6H), 7.15-6.93 (m,
21/2H), 6.53 (d, 1/2H), 5.20-5.10 (m, 1H), 4.90 (bs, 1H), 4.70-4.60 (m,
3H), 4.15-3.90 (m, 3H), 3.70 (ddd, 1H), 3.60-3.50 (m, 1H), 3.00 (dt,

20

30



1H), 2.70 (dt, iH), 1.93-1:55 (m 4H), 1746 (s;~4H—1:43 (s, 2H), 1.40

(s, 9H). Step B: N[1(R) - ((1 2 Drr[lmggﬁ m’kjﬁg&omt hanesul f onyl -

spi rof 3Hindol e-3 , 4" - pi perd| n]] -
(phenyl net hyl oxy) et hyl ] - 2- am no- 2 rret hyI pr l”

hydr ochl ori de To a sol uti t he above
intermediate in 1 nL of di chl oronet hane was added 1.0 niL of
trifluoroacetic acid and 10 nmi nt ai ned at RT for 30 min. The reaction

m xture was evaporated to dryness, |ed wi th 10% aqueoy gwrxm
carbonate solution (5 nL), and extrac ed wi th ethyl acetate ? )

The conbi ned organics were washed with brine (5 nlL), dried over
pot assi um car bonate, and concentrated. This material was di ssol ved in 2

nL of ethyl acdEB;2.201(dt, TH)) 198155 (my HEDCIL46) (S4B); A3 (sd2H), hat

O[err]C. Ether deed and the precipitate was filtered under
nitrogen and \Mg ‘W th ether and dried to give 0.94 g of the product
as a white solid. [err]H NMR (400 M—Iz CD[err]CD) [err] 7.40-7.15 (m

6H), 7. 15-6.93 ﬁ%ﬁ? Gilfordy. 4. 90 (bs,
1H). 4. 70- 60 3 ddg. 15, 3. 60- 3. 50
(2 1H) | 5350 (dt, Zﬁ’y '?%3 11‘3@1&“('%? ﬁ%‘z’ 1.46 (s,

4 1.43 (s, 2 tmethyl th —2-amm 2-methipropsnarfide Step A
N—H%1 (R - [El 2- |[_)ri)hydro l(pheny y?]é%%/el Zlgr ro[3|—|-or ndol e- Faeshyipzop P
3,4 -piperdin]-1 "'-yl)c

2- am no- 2- net hyl pr opananT'de soldtionofid.136 g the above mtermedlamnalgu[uof on of

gl gﬁ?o?orrge éﬂg‘f%@%ﬂ%ﬁ‘&%wwe‘fl@ %Of%ﬁphmk&r pho ne?ﬁi‘glingf 022 mL
of benzenesul fmgmtamed)at 30 mins The geaction wm:@nxw &Faperamd Qh. The
reaction mxt Uhggmur 5, B lﬁ"eﬁ%th IO%ta&%Buﬁko&{mﬂ'cﬁﬂbﬁmg%bhﬂﬂm Benlpshed

s a0 T o S it WA Ao AR X e, BB SomDioh oRBRkiAd vibor ' S
g of silica  washed with brine (5 mL), dried over potassium carbonate and
concentrated. This material was dissolved in 2 mL of ethyl acetate and
15 0.20 mL of 4M HCl in EtOAc was added at 0°C. Ether was added and
the precipitate was filtered under nitrogen and washed with ether and
dried to give 0.94 g of the product as a white solid.
1H NMR (400 MHz, CD30D) 8 7.40-7.15 (m, 6H), 7.15-6.93 (m,
21/2H), 6.53 (d, 1/2H), 5.20-5.10 (m, 1H), 4.90 (bs, 1H), 4.70-4.60 (m,
20 31, 4.15-3.90 (m, 3H), 3.70 (ddd, 1H), 3.60-3.50 (m, 1H), 3.00 (dt,
1H), 2.70 (dt, 1H), 1.93-1.55 (m, 4H), 1.46 (s, 4H), 1.43 (s, 2H).

EXAMPLE 3

25

StepA:  N-[IR)-[(1,2-Dihydro-1-benzenesulfonyl-spiro[3H-indole-
3 4'-p1perdm] 1‘-yl)carbonyI]-Z-(phenylmethyloxy)ethyl]-

To a solution of 0. 148 g the mtemledlate from Step B of
Example 29 in 3 mL of dichloromethane was added 0.30 mL of N-

3% methylmorpholine and 0.022 mL of betzenesulfonyl chloride and
stirred at room temperature for 1h, Thé reaction mixture was dituted
with 10 mL of dichloromethane srid washed with 10 mL of saturated
aqueous sodium bicarbonate solution, dried over MgSO4 and
concentrated. Flash chromatography of the residue over 10 g of silica



109- gel with hexane-acetone (3:1) as eluent gave 0.190 g of the

desired © pr oduct . To a solution of 0.190 g the above
internmediate in 3 nL of di chl oronet hane was added 3 nL of
trifluoroacetic acid and maintained 5 at RT for 30 mn. The reaction

m xture was evaporated to dryness, basified with 10% aqueous sodi um
carbonate solution (5 nL), and extracted with ethylacetate (2X5 ni).
The conbi ned organics were washed with brine (5 nmL), dried over

pot assi um car bonate, and concentr at e&q_?'rhl s material was di ggg? in 2
mL. of ethyl acetate and 0.40 nL of 4AMHC in Et OAc was addé

O[err]C Ether was added and the precipitate was filtered under nitogen

and washed with ether and dried to give 0.136 g of the product as a

white solid. Ih&thhbkdmcﬁe‘tﬁﬁé/(ﬁ 1)@1@[&111611@6[@&90 g oBthd desitdd ,
7.67-7.58 (m 52 (t, 2H) 7.40-7.20 (m 6H), 710690(m
11/ 2H), 6.68 ( ‘1‘;“%‘&0 10 (dt, 1H), 4.53 (ABq, 2H) 4.35 (t,
4.00-3.80 (m 3H), 3.75- Toaﬁsc(lutxonofomﬂg thes gbger interm mIHmGdnLoﬂ)

1.75 (dt, 1/ ZH)ilctﬂoﬂ%néiHaE& Wadddded 3 mi cPrrithiorontitic abid and maintained

EXAMPLE 37 20
N-[1(R)- [(f 2- aRaaf@tfmemel%mmorsmmmamsanomtedtodryness,

g gm ﬁlopgr %?Lbﬁs@gﬂ'ﬁzﬂhrmt uﬁl@b e shiition IS mL), a sol ution

o o0 e g hexth R et L] SanE) ” Mhe-combined gramies St

1, 2- di chl or oet hewshedawith dating (3 ML)y dried over potassivin saxbonats,camahd stirred

chr omat ogr aghy CPHcEREfd. I B al R dlssm‘?%ﬁ@?%ofg%@%?%% ahg*°"

CH err]d [ err] Oa&nﬂnef ¢M HChm EtQAe wasiadded a80°Q. dithenavas addedkand ed
duct i

Slrghrgromet hanSn rem%-&(}bs\zﬁﬁﬁ? H oﬁgg ﬁglgwgébéﬁfl%@ ether and RT.

The reaction ed ﬁlﬁ\?@ Césér trlturated W|th

ether to give 1H NMRIZDOMEE, €D90®)y&ﬂt82/\(ds,c}2mi 7.67-7.58 (m, 2H), 7.52 (4,

2H), 7.40-7.20 (m, 6H), 7.10-6.90 (m, 11/2H), 6.68 (d, 1/2H), 5.10 (dt,

15 1H), 4.53 (ABq, 2H), 4.35 (¢, 1H), 4.00-3.80 (m, 3H), 3.75-3.65 (m,
2H), 3.10 (dt, 1H), 2,73 (dt, 1H), 1.75 (dt, 1/2H), 148 (m, 11/2H),
1.20-1.05 (m, 2H).

EXAMPLE 37
20
Step A: N-[1(R)-[(1,2-Dihydro-[1-ureidomethyl-spiro[3H-indole-
3,4'-piperdin}-1'-yl)carbonyl]-2-(phenylmethyloxy)ethyl]-
2-amino-2-meth anamide trifluoroacetate
To a solution of 0.148 g the intermediate from Step B of
2> Example 29 in 5 mL of 1,2-dichloroethane was added 0.10 mL of
methylisocyanate and stirred at RT for 1h. The reaction mixture was
evaporated to dryness. Flash chromatography of the residue over 15 g
of silica gel with CH2Cl2-acetone (2:1) as eluent gave 0.137 g of the
desired product.
This material was treated with 3 mL of dichloromethane
‘and 3 mL of trifluoroacetic acid for 30 min. at RT. The reaction
mixture was evaporated to dryness and triturated with ether to give
0.126 g of a pale yellow solid.
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[err]H NNR (400MHz, CD[err]OD) [err]_T. 82(dd,__:l_tl) ol 42-7.35 (m 5H), 7.30-
7.20 (m *21/2H), 6.75 (d, 1/2H), 519 (dt, 60450(m 3H), 4.13
(bd, 1H), 3.90-3.68 (m 4H), 3.25 (tIb °t 6’(25 4H), 1.98 (dt, 5
1/2H)5 1.85-1.65 (m 31/2H), 1.62 (s, 4H)

EXAMPLE 38

N[1(R-[(1, 2- D hydro-1-[ 1- net hoxy_carbonyl 1 rret hyl - et hanesul fonyl - 10
spiro[ 3H i ndol e- 3, 4' - pi perdin]-1'-yl)carbonyl]-2-(indol -3-yl)ethyl]-2-

am no- 2- net hyl propanam de trifl uoroacet at Step A

1, 2- Di hydro- 1-[ 1- met hoxycar bonyl - 1- net hylﬁé)t hane 18899IBY
sul fonyl ] - spiro[ 3Hi ndol e- 3. 4" - pi per di nel To 5.06 g of
1, 2- D hydro- 1- benzyl oxycar bonyl - spi ro[ 3H i ndol e- 3, 4' - pi perd| ne]

hydrochl ori de ig me gop *?%b lH; 7%17(353@9

at
o iy B3 2 nc.r5 (el N3 10 30, WO R.60-4.50 (s § Z‘% 132’3”‘
diluted with 1%)‘ f3 90@68"{@ 4H§®.QSV(¢}PH %%—27@@80459“1%@69

hydrochloric a 5138511155;(8? 1%0& Wﬂﬁﬁ,(%ﬁ}mas added ‘19

concentr at gd.
of 20% pal T'adi um hydr oxi de on car bon and hydrogenated with H2 bal | oon

overnight. To 0.506 g of this comoumm di chl or onet hane at
0C was added 0.74 nL of triethylamn . 5 nmL of

cat bonmet hoxynet hanesul fonyl chI or| de and stirred for 1h The - reaction
m xture was d| - thalgésﬁﬂf d

sodi um bi car bonajﬁi{s)\l\t(tlg2 g@@?ﬁﬂé an (ﬁ{ﬁ
concentr at g ﬂﬂdﬁlﬁ'@é‘f'@pﬁﬁ}fd@]‘ﬂ 39Y1)¢th§41]'2ca

gel with h anenﬂl ;d.xﬁaﬁﬂd@maxﬁggetm%rmm 79 g %of “the des! red 30
material as a I C odirum hydride (0.102 g of 60%in

mneral oil) was washed with hexanes and then suspended in 5 nL of dry

DVF. A soStep An of Dzlbﬂmlmthmsmeﬂmxgcarbonylnnmﬁymthand of DWF
was added and stirrgdef ol - 1] (|3 ipodtde 185 rrrml) was added
and stirred for 3h. The ¥E&¢t Lialil

s To 5.06 g of i 2-Dihydr0—1-benzy10xycarbonyl-sp1ro[3H—

indole-3,4'-piperdine} hydrochloride in 50 mL of dichloromethane was

added 3.0 mL of triethylamine and 3.40 g of di-t-butylcarbonate and
stirred at room temperature for 3h. The reaction mixture evaporated to
dryness and diluted with 100 mL of ether and washed with 50 mL of
0.50N aqueous hydrochloric acid, 50 mL of brine, dried over MgSO4
and concentrated. To this crude product in 50 mL of ethanol was added
1g of 20% palladium hydroxide on carbon and hydrogenated with H2
balloon overnight. To 0.506 g of this compound in 15 mL of
dichloromethane at 0°C was added 0.74 mL of triethylamine and 0.41
mL of carbomethoxymethanesulfonyl chloride and stirred for 1h. The
reaction mixture was diluted with 25 mL of ether and washed with
saturated sodium bicarbonate solution (20 mL), dried over MgSO4, and
concentrated. Flash chromatography of the residue over 25 g of silica
gel with hexane-ethyl acetate 4:1 as eluent gave 1.79 g of the desired
material as a thick oil.

Sodium hydride (0.102 g of 60% in mineral oil) was
washed with hexanes and then suspended in 5 rol. of dry DMF. A
solution of 0.158 g of the above intermediate in 1 mL of DMF was
added and stirred for 30 min. Methyl iodide (1.85 mmol) was added
and stirred for 3h. The reaction mixture was poured into 15 mL of

20
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- 111 - sat urated aqueous anmmoni um chl ori de solution and extracted
with ether (2X15 nmL). The conbi ned organics were washed with water (15
m.), brine (15 m.), dried over MgSO err] and concentrated to give
017990f the desired material. 5 [err]H NVMR (200 MHz, CDCl[err])
[err] 7.32 (d, 1H), 7.20-6.90 (m 3H), 4.13 (bd, 2H), 2.83 (bt, 2H),
1.85-1.70 (m 4H), 1.69 (s, 6H), 148 (s, 9H). Step B:

N[1(R-[(1, 2-Di hydro-[ 1- met hoxycar bonyl - 1- et hyl - 10

et hanesul fonyl ] -spiro[ 3H i ndol e-3, 4' - pi perdi n]- 1' -

yl ) car bonyl ] - 2- (i ndol - 3-yl et hyl T~ [ (1, iy L hyl et hiyl oxy)-  18899IBY
car bonyl ] am no] - 2-net hyl propanam de To a solution of
0.179 g of the internmediate from Step A was added 1 nlL of

di chl or omet hangatafsted atjueofis afrhonitine hivride s6htion and artrasted withh dther 30

of ”1ooT/o“§qLS§ﬁts@§&$‘mi~)§aﬁB%’as BORRA Sighicswerd RASERY w St (S0, 1y o

di chl or onet hanbring (¢ 5anki); deed over Mg§64 and woncentzatedtovgive Gi7A¢ ofio ),

dried over pot onate filtered, and concentrated to 0.120 g
o et oo ikt ok o132 8 o B aFBLRR
prepared | n ExAploRTy .88 4By, 2H), F850% 90 %nd] 41),'H0 (sP6FG 2148 35, oHY. and

stirred for reacti on m Xt ure was L 6f et her
and washed with 15 nL of 0. 05N HC ,” saturated sodi um bi car bonat e

sol uti on (15 nfiep B i ed NME(R)-[(1 zmﬂii&br-ﬂl aghoppeabony-4cneiyls"
h t h t th
Gferr] O lper - acetne. ( ElstiylfSpiol3HAn0l 3.4 Fiphetin 1 g, oq

or oduct . [err]H NNBrleBbﬁyI]FZ-(uma-wl)eﬂle[(& Mummﬂeﬂnyloxg)-so (s,
1/3H), 7.70 (d, drbofyf . 7.30 (d, 1/3H),
7.26-7.00 (m 5H) 4 a1 : PSR —5—28-5—1¢ 1H) |
5.05 (bs, 1H), 4. 411‘ B0 umem)ofm ’ﬁag(@ﬂthemzme a%fIDIEESt?PnAZH)

?i—é% (25752'('2 v% idded ! ﬁﬂu of gﬁlﬁe@e fé&’ &gﬂuor%zué atid (580"(3'
2H), 1.48 Smife sz( 30 min. reactisn JL%H? rWaSlFlyanmiQd g 90 (m
11/3H), 0. (difyneaé Bdsified with 10 mL of 10% aqueous sodium carbonate solution
and extracted with 2X10 mL of dichloromethane. The combined
organics were washed with brine (10 mL), dried over potassium
carbonate, filtered, and concentrated to 0.120 g of the piperidine as a
thick oil. To a solution of this compound in 5 -mL of dichloromethane
was added 0.132 g of the acid intermediate prepared in Example 21 Step
B, 0.055 g of HOBT, 0.102 g of EDC and stirred for 18h. The reaction
mixture was diluted with 25 mL of ether and washed with 15 mL of
0.05N -HCl, saturated sodium bicarbonate solution (15 mL), dried over
MgSO4 and concentrated. Flash chromatography of the residue over 20
g of silica gel with Cﬂzclz-aoetone (5:1) as eluent gave 0.094 g of the
desired product.

1H NMR (CDCI3, 400MHz) 5 8.60 (s, 2/3H), 8.50 (s, 1/3H), 7.70 (d,
2/3H), 7.60 (d, 1/3H), 7.35 (d, 2/3H), 7.30 (4, 1/3H), 7.26-7.00 (m,
SH), 6.90 (t, 11/3H), 6.40 (d, 2/3H), 5.28-5.16 (m, 1H), 5.05 (bs, 1H),
4.41 (bd, 2/3H), 4.32 (bd, 1/3H), 3.78-3.65 (m, 2H), 3.56 (s. 2H), 3.55
(s, 1H), 3.50 (bd, 1H), 3.20 (dt, 1H), 3.15 (ddd, 1H), 2.75 (t, 1H), 2.42
(m, 1H), 1.18 (d, 2H), 1.24 (s, 4H), 1.50 (s, 2H), 1.48 (s, 4H), 1.42 (s,
9H), 1.30-1.18 (m, 1H), 1.10-0.90 (m, 11/3H), 0.03 (dt, 2/3H)
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-112 - Step C N[1(R-[(1,2-Di hydro-[ 1
- met hoxyc¢ar bonyl - 1- net hyl -

et hanesul fonyl ] -spiro[ 3Hi ndol e- 3, 4' -pi perdin]- 1'-
yb) carbonyl]-2-(indol -3 -yl)ethyl]-2-am no-2-net hyl -

propanam de trifl uoroacetate A solution of 0.094 g of the
i nternmedi ate from Step C was treated with 1 nL of dichloronethane and 1
mL of trifluoroacetic acid for 30 mn., evaporated to dryness and

triturated with ether to give 0. 082 t he desired produ
[err]H NVR (CD{ err] OD, 400MHz) [err] 7.781%:' 2/ 3H), 7.60 (d, §?§2|?IB¥35

(d, 10 2/3H), 7.30 (d, 1/3H), 7.26-7.00 (m 5H),. 6.90 (t, 11/3H), 6.40
(d, 2/3H), 5.28-5.16 (m 1H), 5.05 (bs, 1H), 4.41 (bd, 2/3H), 4.32 (bd,

(13 ?H) ) H? 72 ESS?eFd?: ill;)l)N-ﬁlf-I@ -[(4, Z-Dlhydﬂ)-ﬁﬁ-mahowminbth H) , 13.21210
(s, 4H), 1.50 (s, 2H), 1‘."‘5%"%?“1@ ﬁ%‘%ﬁﬁ@ 4}‘1’6 90 (m 15

11/3H), 0.03 (dt, 2/3H) yl) onyl]- -(mdol-3~yl)eﬂ1yl]-2-ammo-2 £ 39

N—[l(R) [(12D|hydr01 d P8 eélndole34 plpegdln]
-yl) cagbonyl ] - 2(|nd - N0, s 1 e

hydrochl or?de St e solu A gofthe mtermedlate from teP was

ngfl( RI) [e§é| ﬁ] Rehted Wi argghﬁacﬂeéid:bl dgi@rﬁm@hﬁ&ll 10 b triflnoroacetic acid
am n0p3p met hy for, ?’érélv -0 Va 01]axed fo essa\ﬁﬁ% &“@éﬁléﬂé‘i‘&ﬁ*‘?ﬁ%gﬁ g of

1, 2- di hydr o- 1- ¥)8%ageof the . 0-[ 3Hi ndol e- 3, 4' - pi peri di ne]
) Th 50 g deofﬁwgemron’etémane P8 710 FBED, JiOU Y WSED, .35, o
El-rzrgt hyl ][mrEBEOMH) t'ZI.SOC(dg 143H), 7.26-1 9@((!11}5111);6 BBF(&.nllﬁIﬁb 63461(dHGBT and
0 r r
e s o e 5 b R 3 ™
{

of saturated s

concentrated. (dt, 1H),3 15 (ddd, 1H), 2.75 (¢, 1H), 2.42 (m, lH),l 18 (d 2H),124
(s, 4H), 1.50 (s, 2H), 1.48 (s, 4H), 1.30-1.18 (m, 1H), 1.10-0.90 (m,
13 11/3H), 0.03 (dt, 2/3H).

EXAMPLE 39

N-[1(R)-[(1,2-Dihydro-1 -methanesu[fonylspiro[SH~indole—3 4'-
20 piperdin]-1'-yl)carbonyl}-2-(indol-3-yl)ethyl]-3-amino-3-methyl-
butanamide rochlorid

Step A: N-[1(R)-{(1,2-Dihydro-1-methanesulfonylspiro[3H-indole-
3,4 -piperdin}-1'-yl)carbonyl]-2-(indol-3-yl)ethyl}-3-
amino-3-methylbutanamide
To a suspension of 1.14 g of 1,2-dihydro-1-methane-
sulfonylspuo-BH—mdoIe—S ,4'-piperidine] hydrochloride (prepared as
described in Step A of Example 18 (method 1)) in 50 mL of '
dichloromethane was added 0.80 mL of N-methylmorpholine, 1.00 g of
3% N-BOC-D-tryptophan, 0.80 g of HOBT, and 1.20 g of EDC and stirred
at RT for 18h. The reaction mixture was diluted with 100 mL of ether
and washed with 50 mL of 0.05N HC, 50 mL of saturated sodium
bicarbonate solution, dried over MgSO4, and concentrated.
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- 113 - | A sol ution of the._above internediate in 50 nL of
et hyl ¥ acetate at O[err]C was treated with HO for 2 mn. and then
stirred for | h. Dry ether (50 niL) was add@éShﬁﬂg“PmR ased pitated solid
was ° collected by filtration. The yield was To
0.86 g of the am ne hydrochloride in 30 nL of thane was
added, 0.24 nL N nethyl norpholine, 0.36 g of of EDC, and
stirred overni ght The reaction mxture was dlluted W|th 100 mL of

et her, and washed with 0.05N HO (50 ni), 50 nL of saturat

Nchq err], dried over MygSJerr], and ccrnl‘gﬁrrat ed. 10 Flash el%sgng

chr onmat ography of the residue over 20 g of silica gel with

CH err]CH err] -acet one (5 1) as the el uent gave O 74 of the desired

product. 050‘16 étH pr medi at e
in5 of et %g&tatea err Z or 2
mn. and el pitate

the 15 product IhT %Huﬂ' (mnm)lm addsdg%nﬁa 1tatedfsehdtwd9r

ni t rogen, Elg ive of t eS| red product . [err]H
NNR(CD[err DO Yﬁ}&?‘ﬁ %5(d 1/3H) 737

6.90 (m 5H), 6.82 (bt, T.b/ﬁ.@ﬁ@ ofH), 4.40

5852 75 (m %93%35 ks %@ﬁ%‘ R

(m 2H), 2.20 %B'ﬁ,rﬁﬁﬁjg ob €3agd18 € Teacion mixgyte 1. 35

(2/S3H)1H) 2% 34 (ofas dithted'with 100'mIlbf ¢ r%@n@v%h@ﬂ‘wﬁﬁ/ g\ :(SO%L)
. 2- i hydr o- 1 rePRhe0fFagRgied Nl gver MgSO4, ah csgp

-yl) carbortyl | Flash chieom: yof thd BedidmvaérZO ofsﬂlca gel thh
ﬂi R (o 2F Hia T ety g@%fﬂ?%ﬁés?é@f%&“’féa@é%m prbffct”
3,4 - pi per di n]-1 °-yl) cafloompohution ofH0.74- g of theabove titeniediyte in 5 mL
ﬁ-yg'r ny droxy! br 3p'eiy PilcRste at 07 Was BibBIAT i fry HCI gas for 2 min. and
stirred for 30 min. Ether was added to completely precipitate the
product. The solid was filtered and washed with ether under nitrogen,
and dried to give 0.57 g of the desired product.
1H NMR (CD30D, 400MHz) 8 7.69 {d, 2/3H), 7.55 (4, 1/3H), 7.37-
6.90 (m, 5H), 6.82 (bt, 11/3H), 6.43 (d, 2/3H), 5.31-5.18 (m, 1H), 4.40
(bd, 2/3H), 4.30 (bd, 1/3H), 3.63-3.38 (m, 4H), 3.22-3.05 (m, 2H),
20 283275 (m, 1H), 2.80 (s, 1H), 2.74 (s, 2H), 2.63 (dd, 1H), 2.55-2.43
(m, 2H), 2.20 (bd, 1H), 1.70-1.53 (m, 1H), 1.38 (2H), 1.36 (s, 2H), 1.35
(s, 1H), 1.34 (s, 1H), 1.18 (bd, 1H), 1.20-0.94 (m, 11/3H), 0.03 (dt,
2/3H). |

15

25 - EXAMPLE 40

N-[ 1(R)-[(1,?-Dihydm-1-methanesulfonylsPiro[SH-indole-S,4'.
piperdin]-1'-yl)carbonyl}-2-(indol-3-yhethyl}-[3-[2(R)-3-

20 dihydroxyl -amino}-3-methylbutanamide hydrochloride

Step A:  N-[1(R)-[(1,2-Dihydro-1-miethanesulfonylspiro[3H-indole-
3,4"-piperdin]-1'-yl)carbonyl]-2-(indol-3-yDethyl]-[3-[2(R)-
3-dihydroxylpropyl}-amino]-3-methylbutanamide
hydrochloride




-114 - - To a solution 0.30 g of the conpound obtained in
Step B of Exanple 39 in 5 nL of dry nethanol was added 1.5 g of

anhydr ous sodi um acetate, 0.30 g (R) -1, 2-isoprpylidene-glyceral dehyde
(Tetrahedron 1985, 41, 3117) and stirred for 1h. A THF solution of 5 ,
sodi um cyanobor ohydride (8.7 nmL of 1M solution) was added and - stirred
for 18h. The reaction mxture was diluted with 20 nL of water and
extracted with dichloronethane (3X10 nL). The conbined organl CS were
washed with saturated sodi um bi carbonate ution (10 gg$%gver
KlerrJCderr], and concentrated. Flash c at ogr aphy of 10 tp'i

over 10 g of silica gel with CHerr]d[err]-nethanol (98:2) gave 0. 146
g of the reductively am nated conpound. [err]H NVR (CDCl [err], 400vHz)

[err] 8.70-8.40 (m 2H), Té.&solationd).300g of theScompoind obtaihdd i B of 1H),
5 50-5 08 (m B eé?#éi%@&?m%%@%&@#@ﬂ%%@ %,ﬁo“)
s o 188, 1T At A TR 3017
or
(1t észégH) 1), &0 ymgybg&gii X% Oﬁﬁsﬁi mﬂl@}wvas addeél#ﬂd 0. 90- 65
(m 1/3|'|)]c 0h3Qt1fréd for/13H). - TR reacho:ﬁhﬁ&tlﬁe was dilated mth?ﬂmhép#aftmf)n 01;
0. 100 mL of  coRbLAERFES WG, Sehiastpieant (GX10 miy. Jpt fombiae [ cacion
m xture was eve: swmmmmmmm&@mmmwsbhmn (10 et her

?Zgom:d??ége?r & rf’e@k&?‘?&dﬁi‘?? cenjrytelT Pl promstogyiphy of 1~

2/ 3H) ( dthelves ue overlQ g ofisilien gelwith CH2Clpsmethanal 198:2)gqve

4H), 7.08-7.00q( 519: 3 . 2/3H), 5.19 (dd, 30
Ty g ¢ il i %?%&émﬁw

. 78- 255 ,ﬁ_{; 1/3H), 78B&, 1 WSH) 4328 ¢d, 2/3H), ¥

L

137 (5, oo 0, et 553 25 S8 b o e, s B P 3t 5 .
2/3H), 4.05 (t, 1/3H), 3.80-3.70 (m, 1H), 3.70-3.50 (m, 4H), 3.30-3.10
(m, 2H), 2.84 (s, 1H), 2.80 (s, 2H), 2.80-2.70 (m, 2H), 2.68-2.45 (m,
1H), 2.37 (s, 2H), 1.70 (t, 2/3H), 1.52 (bd, 1/3H), 1.44 (s, 2H), 1.43 (s,
1H), 1.35 (s, 2H), 1.33 (5, 1H), 1.25 (s, 3H), 1.33 (s, 6H), 1.20-1.05 (m,
”0 2H), 0.90-0.65 (m, 1/3H), 0.30 (dt, 2/3H).

Step B:
A solution of 0.146 g of the above intermediate was stirred

in 3 mL of methanol and 0.100 mL of concentrated hydrochloric acid
for 30 min. The reaction mixture was evaporated to dryness and the
25 solid was washed with ether and dried to give 0.109 g of the desired
material.
1H NMR (400MHz, CD3OD) 9 7.63 (d, 2/3H), 7.55 (d, 1/3H), 7.41 (d,
2/3H), 7.38 (d, 1/3H), 7.32 (4, 1/3H), 7.26 (d, 2/3H), 7.21-7.10 (m,
4H), 7.08-7.00 (m, 21/3H), 6.63 (4, 2/3H), 5.25 (dd, 2/3H), 5.19 (dd,
30 1/3H), 4.36 (bd, 2/3H), 4.30 (bd, 1/3H), 3.92-3.83 (m, 1H), 3.80-3.50
(m, 6H), 3.28-3.10 (m, 3H), 3.05-2.95 (m, 2H), 2.90 (s, 1H), 2.86 (s,
2H), 2.78-2.55 (m, 4H), 1.83-1.65 (m, 1H), 1.43 (s, 2H), 1.39 (s, 2H),
1.37 (s, 1H), 1.32 (s, 1H), 1.36-1.20 (m, 1H), 0 04-0.18(m, 22/3H),
-0.08 (dt, 2/3H).
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- 115- EXAMPLE 41 N[1(R)-[ (1

, 2-Di hydfo- 1 - net hanesul fonyl spiro[ 3H i ndol e- 3, 4' - pi perdin] -
1' -yl )carbonyl ] -2-(indol -3-yl)ethyl]-[3-[2(R)-hydroxyl propyl] -
am no] - 3- met hyl but anam de hydr ochl ori de Step A

N[1(R) -[.(1, 2- D hydro-1-nmet hanesul f onyl spi ro[ 3H-i ndol e-

3,4"-piperdin]-1 '-yl)carbonyl]-2-(indol-3-yl)ethyl] -[3-[2(R)-

hydr oxyl propyl ] - am no] - 3- et hyl but anam de . hydrochl oride
To 0.26 g of the internmediate from Step Exanpl e 39 wa w 5 nL
of dry nethanol, 1.5 g of anhydrous sodi acet at e, freshl§8 ed
0.10 g of 2(R)-(tetrahydropyranyl)oxy-propion- al dehyde and stirred for
1lh at roomtenperature. A THF solution of 15 sodi um cyanoborohydride (8.5
m. of 1M solution) was added and EXAMPUHE4F 18h. The reaction m xture

was diluted wth 10 nL of sat ur at'ed sodi um bi car bonate sol uti on and
extracted with di chl or onet hane (2X15 niL). The conbi ned organics were
washed .  wi t N-pi(R)ef(1 BDihydrodi imetiamesulfbrylspiof 3Hrindoder3,4'oncent r at ed.

CHorr) G g Bl ﬁ!ﬁ@%‘ﬁﬁ# E%ﬁ%‘f%@ mﬁamﬁmwkyw@m red

product. Y ianamiie droehlopzde stirred in 3 M of dry
met hanol W|th O 10 m_ of concentrat ed hydrochl oric acid, evaporated to

?Lgnte;s;sie agd tge reigddwgléﬂb tur ted WI “?g?ﬂr)]i g é 0. 74 g of
Ch err] QD) [er r] 7.63 (&, 4%%&;3 ﬁ?lg@hrbbhﬁgl)-z ﬁnddl-lijrl)ethyl] -BMR)-7. 38
y] ’

(d, 1/3H), 7.32 (d, 1/3 :{ﬁﬂéh @ﬂ?ﬁ%% (dd,

708700 gén 21/ 3H), 6.
1/ 3H), (bd, 2/3H), ﬂdﬂ)@dndb’BHL 3.92-3.83 (m_1H), 3.80-3.50 30

o). 2 78322253< m 2% 8 0.7 B g ey ol Sisly 'GP Bxdpiile 53
1.37 (s, 1H), wasadded SumL, of dey methanoh1.5 g of anipsirous sedjummoetate, 18
(m 22/ 3H), - Ofr@gh1ydhreparettD. 10 g of 2(R)~(tetrahydropyranyljoxy-propion-
aldehyde and stirred for 1h at room temperature. A THF solution of
sodinm cyanoborohydride (8.5 mL of 1M solution) was added and
stirred for 18h. The reactipn mixture was diluted with 10 mL of
saturated sodium bicarbonate solution and extracted with
dichloromethane (2X15 mL). The combined organics were washed
with brine (10 mL), dried over K2CO3, and concentrated. Flash
chromatography of the residue over 10 g of silica gel with CH2Cl2-
methanol (98:2) as eluent gave 0.219 g of the desired product.
The above material was stirred in 3 mL of dry methanol
. with 0.10 mL of concentrated hydrochloric acid, evaporated to dryness,
and the residue was triturated with ether to give 0.174 g of the title
compound as a pale yellow foam.
1H NMR (400MHz, CD30D) 3 7.63 (d, 2/3H), 7.55 (d, 1/3H), 741 (d,
2/3H), 7.38 (d, 1/3H), 7.32 (d, 1/3H), 7.26 (d, 2/3H), 7.21-7.10 (m,
4H), 7.08-7.00 (m, 21/3H), 6.63 (d, 2/3H), 5.25 (dd, 2/3H), 5.19 (dd,
1/3H), 4.36 (bd, 2/3H), 4.30 (bd, 1/3H), 3.92-3.83 (m, 1H), 3.80-3.50
3% (m, 4H), 3.28-3.10 (m, 3H), 3.05-2.95 (m, 2H), 2.90 (s, 1H), 2.86 (s,
2H), 2.78-2.55 (m, 4H), 1.83-1.65 (m, 1H), 1.43 (s, 2H), 1.39 (s, 2H),
1.37 (s, 1H), 1.32 (s, 1H), 1.36-1.20 (m, 1H), 1.28 (4, 3H), 0.04-0.18
(m, 22/3H), -0.08 (dt, 2/3H).

15

20

25
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-116- . EXAMPLE 42
N-[1(R)-[[ 3-oxospiro[isobenzofuran-1(3H), 4' -piperidin]-1 '-yl]carbonyl]-
2- (phenyl net hoxy) et hyl ] - 2- am no- 2- net hyl propanam de trifluroracetate

Step A To 0.165 g of the acid internedi ate prepared as
descri bed in Step B of Exanple 19 in 10 nL of CHerr]CJ[err] was added
0.095 g of 3- 10 oxospiro[isobenzofuran-1(3H),4'-piperidine], 0.067 g of
HOBT, and 0.110 g of EDC and stirred at roomtenperature for 4h. The
reaction m xture was poured into 10 f CHerr]dJerr], igg Q@Ed
wth 20% aqueous citric acid (5 nL),” Ur at ed sodi um bi ca %

sol ut'ion (5 m.), dried over MgSg err], and concentrated. Flash

chr omat ogr aphy of the residue over 10 g of silica gel with
hexane-acetone (3:1) as the 15 el uentg DE4$2 g of the coupl ed product.
To a solution of 0.024 g of the above Internediate in 1 nL of

CHerr]C[err] was added 1.0 nmlL of trifluoroacetic acid and naintai ned at

room t enper at UNe[ H(®R)-{B-oxospiiid{sobenaofiran- 1@, £ piperidingd] ‘ayilcarbenyl -

resi due was tr t t eq siqt. | as

a solid M = =2:th ; 1? P ,

1/ 2H) , 76§(t 1/2H), 7.54-7.40 (m 21/2H), 7.35-7.20 (m 51/2H),. 7. 06
(d, 1H), 6.58 d 1/2H), 5.25-5.15 (m 1H) 4.93 (s, 1H), 4.69 (bd,

il:){): g'ig?dfo (" 1H) Z,Ei)ogbf 4 %&* 1H),,. 70840 m ;tg 3.(21{%)3 10 (m
1.5H), 1.46 (sin Ste d&%Q(in l(lnﬁHbf CHZG1Z wasaddel] 0.095 g of 3~ :
sht! S5 S 4 s 0061 g0 HOBT, e
'yl )car bon ] @ 110eg WiEDE and-stinretbaPromn tgiperatane foridh. The rgactbam| or i de
-117- mixture was poured into 10 mL of CH2Clp, and washed with 20%
aqueous citric acid (5 mL), saturated sodium bicarbonate solution (5
mL), dried over MgSO4, and concentrated. Flash chromatography of
the residue over 10 g of silica gel with hexane-acetone (3:1) as the
eluent gave 0.234 g of the coupled product. -
To a solution of 0.024 g of the above intermediate in 1 mL
of CH2Cl2 was added 1.0 mL of trifluoroacetic acid and maintained at
room temperature for 30 min. The volatiles were evaporated and the
residue was triturated with ether to give 21 mg of the title compound as
a solid.
IH NMR (CD30D, 400MHz) 8 7.85 (d, 1/2H), 7.80 (d, 1/2H), 7.63 (t,
1/2H), 7.54-7.40 (m, 21/2H), 7.35-7.20 (m, 51/2H), 7.06 (d, 1H), 6.58
(d, 1/2H), 5.25-5.15 (m, 1H), 4.93 (s, 1H), 4.69 (bd, 1H), 4.55-4.40 (m,
2H), 4.14 (bd, 1H), 3.70-3.40 (m, 2H), 3.18-3.10 (m, 1H), 2.13 (dt,
25 1H), 2.90-2.75 (m, 2H), 2.70-2.50 (m, 2H), 1.47 (s, 1.5H), 1.46 (s,
1.5H), 1.44 (s, 1.5H), 1.43 (s, 1.5H),.

15

20

EXAMPLE 43

_ 30 N-f1(R)-[1,2-dibydro-1 -methanesulfonylspiro [3H-indole-3,4'-piperidin]-
1'yD)carbonyl]-4-phenylbutyl}-2-amino-2-methylpropanamide
hydrochloride
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Step A _N[1(R-[1, 2-di hydro-1 -net hanesul fonyl spiro[ 3H i ndol e-

3,4 -pipéridin]- 1 'yl)carbonyl]4-phenyl butyl]-2-am no- 2-

met hy| propananm de hydrochl ori de Thi s conmpound was prepared
from?2(R)-N-t-but oxy- car bonyl - 5- phenyl pet anoi ¢ and

1, 2- di hydr o- 1- net hanesul f onyl spi r o[ 3H I ndol e- 3, 4' - pi perdi nej

hydrochl oride using chem stry described for the preparation of conpound-
i n Exanpl e 18. FAB M5 Calc. for Cferr]Herr]Nerr]Jerr]S MV= 526.2;

found me = (m+l) 527.9 10 e]%@gﬂ;§ 44
N—[l( R -[1,2-di hydro 1- et hanesul f onyl spi }b{ 3H-i ndol e- 3, 4' - pi p
"yl )carbonyl]-2-phenynet hyI t hi o) et hy] -2-am no-2-net hyl propanam de 15

r i fl uoroacet at e St ep

N 1(R)- (1, 2- dighyge: 1 ‘5 . g QﬁE aw-nqhéfﬁ R8Oy lspirg[3H-indole-

3, 4 I peridin 1) c - .

am nopzprret hyl propangm) d gﬁﬂ g%g&oﬁlyl "Oﬂeny [Yﬁ‘ﬂ@lgﬁn%ound
was prepared fromthe copyathels amde oride

N-t-BOC-S-b | - D t
met hanesul fezaspl rgygkl-e%?@ﬁ? hmd ‘}Vﬁ%g’&?l??éfdr@%%@ N Er&’“&%’fih‘
cheni stry descrcathonyldy a1andnl L2fdihydre-dmmethandsnlfieny iﬂplm[3H— 18.

25 FAB 15 Cal engdp3 @ 5  fathe oot it pehl ey

l(R S)-[ 1 2 @mwaaon of eampouad in dixampler B.3H- i ndol e- 3, 4'

pi peri din] - | yIBAB NS Chlic. fm(@? PES'MRS"MWHS%*W'fbuﬁdQﬂTS‘ﬂ(ﬁHI)
nmet hyl propanamﬂe} 6 rifluoroacetate

-118 -

EX LE 44

N-[1(R)-[1,2-dihydro-1-methanesulfonylspiro[ 3H-indole-3,4'-piperidin]-
" I'yl)carbonyl]-2-phenymethylthio)ethyl]-2-amino-2-methylpropanamide

15 trifluoroacetate

Step A: N-[1(R)-[1,2-dihydro-1-methanesulfonylspiro{ 3H-indole-
3,4'-piperidin}-1'yl)carbonyl]-2-phenymethylthio)ethyl]-2-
amino-2-methylpropanamide trifluoroacetate
This compound was prepared from the commercially

available N-t-BOC-S-benzyl-D-cysteine and 1,2-dihydro-1-

methanesulfonylspiro[3H-indole-3,4'-piperdine] hydrochloride using
chemistry described for the preparation of the compound in Example

18.

4> FAB MS Calc. for C27H36N40482 MW = 544.7; found m/e = (m+1)

548.5.

20

E LE 45

N-[1(R,S)-[1,2-dihydro-1-methanesulfonylspiro[3H-indole-3,4'-
piperidin]-1'yl)carbonyl}-2-(2'-pyridomethyloxy)ethyl}-2-amino-2-
methylpropanamide trifluoroacetate

30
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Step A N-[1(RS)-[1, 2-di hydro- 1- met hanesul f onyl spi ro[ 3H-i ndol e-

3,4"' -piperidin]-1'"yl)carbonyl]-2-hydroxyl -carbanic acid

1, 1-di met hyl et hyl ester To a sol ution of
N-t-BOC-(D)-serine (56 ng, 274 mmole) 5 in 2.5 mM, of THF at room
tenperature was added 1, 2-di hydro- 1-

nmet hanesul f onyl spi ro[ 3Hi ndol e- 3, 4' - pi perdi ne] hydrochl ori de (prepared
from Exanple 18, Step A 83 ny, 0.274 mmol e), triethylam ge (45 i,
0.33 mmol e), HOBt (44 ng, 0.33 mmol e), EDC (63 ng, O.

After 3 hours, the m xture was dil uted 'fll%vl‘th et hyl acetate iﬁgﬁg@f
washed sequentlal ly with water and brine. - The organic |ayer was dried
over sodiumsulfate, filtered and concentrated. The residue was

purified by MPiSfer 3 llcaN;Pl%{ SW%Z—dlhﬁIrby! -nesthanésulfonylspivs{ 3H-indalet 90%)
of the title conpound

N-[1(R S)-[ 1, 2-di hydr o- 3% Hﬁﬁ@&%ﬂ@%ﬂ?‘?’&[’%ﬁ -hydegayl-carbamic acid 3
B b %E?LM-@“’ t reLiv Xyl el
car
hydride (pgepared from 6 @%@ﬂuﬁ Sﬁhgber%coq) ﬁsi%a#‘ "oyfea/ashi ng
\émth hfaxianeﬁl (m<)2. fﬁHfElat room@mp@)‘atumvms:-a ed) LZrdehyds Q;la-ddgd

i co chl ogh ' ol er
mﬁut esy the i terrre ?al Lfe 18 ﬁ@pﬁﬁ: tep y%;xgg;;&é mol e) was
added to the r o[ t room
tenperature fotrié 1m(mmm33moﬁylmmmg;m@3mﬁme)erahar | ayer

o et th@@tmﬁw i S i NG "6

_

Cc):];Dc:It he tit e ethy]l \aestate ahdtthen washed&mlentxally Wmh M]ﬂibll\hﬂé i

5. 75[?;nr] 1/2 mﬁ%@”{ﬁﬂﬁlﬁ% gﬁgﬁﬁwfrﬁf‘s?ﬁ{xﬁé gﬂ (1?] 2 H)H)

4.10 (m 1/2 Hepngerdral w¢ was. punified by Iﬂ(sxhc@sg 100%s/ 2 H)

i 2? E: ng Héﬂxﬁ a?:%m(te) tolgﬂve il?%né(ﬁ@%)fﬁftﬁe'ﬂtle dofhpolunid. 9/ 2 0.
15

Step B: N-[1R.S)-[1 ,2-dihydro-1 -methanesulfonylspiro[3H-indole-
3,4'-piperidin}-1'yl)carbonyl}-2-(2'-pyridomethyloxy)ethyl]
amiic acid 1.1-dimethylethvl ester
To oil free sodium hydride (prepared from 60% oil
dispersion of sodium hydride by washing with hexanes (3X), 9 mg, 0.21
2% mmole), in 0.3 mL of THF was added 2-picolyl chloride (16 mg, 0.1
mmole) in 0.3 mL of DMFE. After 5 minutes, the intermediate obtained
- from Step A (45 mg, 0.1 mmole) was added to the reaction mixture.
The mixtare was stirred at room temperature for two hours and then
diluted with ether. The ether layer was washed with water (5X), brine
23 and dried over sodium sulfate. After purification (Preparative-TLC,
silica gel, 100% ethyl acetate), 16 mg of the title compound was isolated
(29%).
1H NMR (400 MHz, CDCI3, mixture of rotamers): 8.53 (m, 1 H), 7.77-
6.83 (m, 7 H), 5.75 (m, 1/2 H), 4.98 (m, 2 H), 4.67 (m, 2 1/2 H), 4.25
30 (m, 1/2 H), 4.10 (m, 1/2 H), 3.91-3.67 (m, 4 H), 3.17 (m, 1 H), 2.91 (s,
3/2 H), 2.89 (s, 3/2 H), 2.79 (m, 1 H), 1.95-1.69 (m, 4 H), 1.42 (s, 9/2
H), 1.41 (s, 9/2 H).
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Step C N-[ 1(RS)-[ 1, 2- di hydr o- 1- net hanesul f onyl spi r o[ 3Hi ndol e-

3,4 -piperidin]-1 "yl)carbonyl]-2-(2'-pyridonethyl oxy) -

et hyl ] -2-am no- 2- net hyl propanam de trifl uoroacetate A

sol ut’ion of the internediate obtained fromStep B (16 ng, 0.029 mmmol e)

in 0.5 nL trifluoroacetic acid was stirred at room tenperature for 1/2

hour and then concentrated. To a solution of this - residue in 1 n

chl orof orm was added t-butyl oxycarbonyl - a- met hyl al anine (6.5 ng, 0.032

mmol e), HOBt (4.3 ny, 0.032 mmol e), triethylamne (10 m | e),
and EDC (6 ng, 0.032 mmple). 10 After 121I11§Jrs at roomterrperg[&%ém

m xture was diluted with met hyl ene chloride and then washed with wat er
and brine. The organic | ayer was dried over sodium suI fate, filtered

and concent r at eggenihe WDy’ einEbaratyspivorndsld. | ca

¥
gel, 100% et hyl acet

the residue was adde rpmealﬂ!gﬁ-é l%c}égﬁﬁﬂaﬂa Hm@??ﬂﬁﬁairabsdAf ;I'gr 1

hour, the m xt ure wagthell<baniinbIinisthyglpropahamidd tifloorgmenate(5. 3 ) .
H NVR (400 MHz, ,

5550 (m 1( 7. 84 (%D[?U%“ﬁfﬁjﬁr&fg e&&‘%ﬁ%@frﬁ% Bag

1/2 H, ( g1 01029 mmole)2in Q.5 mb. tflrfludroa&:etxmaeﬁl was stirkéd atirammy( d 13.

3."96“55 3 5 ﬁf%f‘ﬁ@f%%l(fhgifﬁﬁhtﬁeﬁ)ffmﬁe@?'%ﬂ‘m'f”°?ﬂﬁt‘% i, 2 9

1.59 (s, 3/ 2 H)resmtsem( mhp orpform was added t-butyloxycarbonyl-a- EXAVPLE

g?pgfl din]-1 Q on go hglﬂ%ot | (@B'x%?l@'ﬁ%”ﬁﬁhﬁe? v

net hyl pr op ]Pﬂlé r(éécéfeg @éa ] R&n@’) 2Ly dr o- 1

rf:i‘t hangzﬁl | ]OHYAﬂBr rlQ[HdﬂmstmgQ‘g@m xerﬂ)erature, the nnxuﬁc%awgik!ttaedilvvﬁh_ 1

1y1) et h% - t@%&g}%{, AR A5 Wed washed with water and BEHR2 e 3tkhic 120
layer %asadried over sodiunnshifate; fidteréd andyoncefitrated. e The

suspensi on i n 3Q e W PRIy Pleparative TEESGRIG 261 100% ethfl

acetate). The purified compound was concentrated. To the residue was

added trifluoroacetic acid at room temperature. After 1 hour, the

mixture was concentrated to give the title compound (5.3 mg).

1H NMR (400 MHz, CD30D, mixture of rotamers): 8.70 (br. s, 1 H),

8.30 (m, 1 H), 7.84 (n, 1 H), 7.77 m, 1 H), 7.36 (m, 1 H), 7.24 (m, 1

1/2 H), 7.06 (m, 1 1/2 H), 5.24 (t, 6 Hz, 1 H), 4.86 (m, 2 H), 4.56 (d, 13 .

Hz, 1 H), 4.08 (m, 1 H), 3.95 (m, 4 H), 3.36 (m, 1 H), 2.97 (s, 3/2 H),

2.96 (s, 3/.2 H), 2.01-1.78 (m, 4 H), 1.63 (s, 3/2 H), 1.61 (s, 3/2 H),

1.59 (s, 3/2 H), 1.58 (s, 3/2 H).

15

20

EXAMPLE 46
25

N-[1(R,S)-[1,2-dihydro-1-methanesulfonylspiro[3H-indole-3,4'-

piperidin]-1'yl)carbonyl}-2-(2'-pyridothio)ethyl]-2-amino-2-
methy anamide trifluoroacetate

3% StepA:  N-[I(R,S)-{1,2-dihydro-1-methanesulfonylspiro[3H-indole-

3,4"-piperidin]-1'ycarbonyl]-2-(2"-pyridothio)ethyl]
carbamic acid 1.1-dimethylethyl ester

-This Sheet Has Been Replaced
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mmole) in 20 nL DVF at -10[err]C. The m xture was warnmed to room
tenperature and stirred for addition an hour. A solution of 2-
brompyridine (0.514 nm., 5.4 mole) in 10 nL DW was added to the
reaction m xture. After heating for 20 hours at 80[err]C. To this reaction
m xture was added Cul (1.03g, 5.4 mmple) and stirred at the sane
tenperature for another 20 hours. The mi xture was cooled to room
tenperature and poured into 0.5 N hydrochloric acid and extracted w th
ether. The ether layer was filter though lite, dried over sc*%gg?

sul fate and concentrated. The residue was“purified by MPLC (si Q§X
met hyl ene chl ori de/ met hanol =10/ 1). To the purified conpound (170

0.57 mole) in methyl ene chloride was added 1, 2- d|hydro 1-

met hanesul f onyl spi ro[ BHdeﬂlﬁeésédnnn (prepared

o ey S e R RO DB UL

react ed accor dnmplepin °Cdeﬁwnnxturenva<mmmd4m reemp A to

oG v . SRS %‘hﬂwg 9 hour S &Rofiton BDA( R 11
9rmm1

p| peri di n] 1 f?")m ﬁ)ﬂ}épﬁﬂ-‘]DMFwaS added to the
ani no- 2- et hy | ghefion Hixdare T Wiie edBng! RrPours at 80°C. To BrigRgAatd rom

depr ot ect | on FROYBHN ”ea%«feé CubLPag, 3%@@%&83%“ e ]

G o e T
po \ C ted wi
4 01 (zmloeldf) o ﬁﬂhﬁll@@réﬁ?&?ﬁu@ egﬁ, dﬂa&?;ﬂpr sodiian( s, ﬁm

2 dihydro- 1 meiyleneshloridemegiangisif/ilaore 3 purified compound (1

pi per i di n] - 1 hg cOIIPmimble) b thiorideoiay hlided 30 -dihydroa1-
met hyl propanarg e&xa%%ﬁdlli’gggfl%gfrgtfﬁqndole-B 4'-piperdine] hydrochloride

15 (prepared from Example 18, Step A, 172 mg, 0.57 mmole),
triethylamine (95 mL, 0.68 mmole), HOBt (92 mg, 0.68 mmole), and
EDC (130 mg, 0.68 mmole) and reacted according to the procedure
described in Example 45, Step A to give the title compound (310 mg,

99%).

321, 158 (suffatééﬁd'@mcéﬁéai@ "B residlff flas purified by MPLC (s '(l’pg7 e

20

Step B: N-{1(R,S)-[1,2-dihydro-1-methanesulfonylspiro[ 3H-indole-
3 ,4"-piperidin}-1'yl)carbonyl]-2-(2'"-pyridothio)ethyl}-2-
amino-2-methylpropanamide_triflnoroacetate
Prepared from the intermediate obtained from Step A (290

mg, 0.53 mmole) by the TFA deprotection procedure. This gave the

title compound (102 mg).

IH NMR (400 MHz, CD30D, mixture of rotamers): 8.45(dd, 5, 1 Hz, 1

H), 7.61 (m, 1 H), 7.39-7.05 (m, 6 H), 5.27 (m, 1 H), 4.52 (t, 12 Hz,

2H), 4.01 (m, 3 H), 3.80 (m, 1 H), 3.45 (m, 1 H), 2.98 (s, 3 H), 2.90

(m, 1 H), 2.10-1.79 (m, 4 H), 1.63 (s, 3/2 H), 1.60 (s, 3/2 H), 1.59 (s,

3/2 H), 1.58 (s, 3/2 H). FAB-MS: 532.7 (M+1).
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Step A N-t - Boc- cycl ohexyl cyst ei ne To a sol ution of

cycl ohexyl nercaptan (1 nlL, 8.18 mmol e) and net hyl 2-acetam doacryl ate
(.29 g, 9 mole) in THF was added a - catal yti c amount of sodi um hydri de
at roomtenperature. After 7 days, the reaction was concentrated. A
solution of the residue in 20 nL 6 N hydrochl oric acid was refluxed for
4 hours and cooled to room tenperature. The resulting solution was
allowed to stand for 12 hours and filtered. The solids were dried under
vacuum To a, mixture of this 15 hydrochl or 2(‘1 acid salt in 1 N S?gé%

hydr oxi de sol uti on (15 nmL) was added t=butyl dicarbonate 15
7.7 mole) in 15 nL 1, 4-di oxane. After 12 hours, the m xture was poured
into 0.5 N hydrochloric acid and extracted with ethyl acetate. The
organi c | ayer was washed with wat X AMPIEB 4hd dried over sodium
sulfate. After filtration and 20 concentration, the title conpound was
isolated in 92%vyield (2.23 Q). Step B:

N[1(R S)-[1, 2- N-Hy®,8)-{1 Pediteydro 1 -imethhngsulfan3tspire{3b-indole-3,4'-

g)afbalronI Eeglcdldn] %ﬂﬁg?ﬁﬂ%g?{éﬂ%¥ﬂ%ﬁ)&h§ﬁ b ”ﬂ?’é‘ ?ed fromthe

I nt er medi ate o] Nardisilt t i 1.0 nmole) hv the procedure
described in Exanple 45, Step A to gi ve the title corrpound (420 ng) in

76% vyi el d. 30  Step S)-[1.,.2-di hydro-1
- met hanesul f onyPERiAL| 3 Mﬁ Lyclofiexyi teine

3,4' -piperidin]-1'yl )Car UD@nldolﬂnéﬁbflcyl@mhdﬂﬂm&iﬁMKIﬁL 8.18 mmole)
[[(1, 1 -dimethylef H’Yetﬁfﬁ" i—ca%epaxﬂi'dda%tnfrﬁ@ (lzﬁeg, @ymmole) in THE yvas added a

pr opanam d

A sol utfon ot tcatalyticeamenint of sotivmiriridenat Siom temperature., Aﬁtg:’iaiam
'FnOT? ?.3 2I Roﬁr me_m tlﬁhuﬂéoncﬁé&%ﬂﬁﬁsﬁgbtg@(?fﬂ{e%giduqn% on of H::

residue in 10 rhydnechblonie asidwassefluged fondyheuss-and cooled to room

car bonyl - a- net

ekl yl-a-m h;‘t ?gg‘q (ﬁ@ré%l%@g%ldﬂgﬁ acﬂg@edi& ta% fcﬁ' %hours

mol e) . Aftgr B t lmwsrea under wackt-o I iR of this
hydrochloric acid salt in 1 N sodium hydroxide solution (15 mL) was

added di-t-butyl dicarbonate (1.68 g, 7.7 mmole) in 15 mL 1,4-dioxane.
After 12 hours, the mixture was poured into 0.5 N hydrochloric acid
and extracted with ethyl acetate. The organic layer was washed with
water, brine and dried over sodium sulfate. After filtration and

2% concentration, the title compound was isolated in 92% yield (2.23 g).
Step B: N-[1(R,S)-[1,2-dihydro-1-methanesulfonylspiro[3H-indole-
3,4'-piperidin]-1'yl)carbonyl]-2-(cyclohexylthio)ethyl]
_ carbamic acid 1.1-dimethylethyl ester
2 Prepared from the intermediate obtained from Step A (303
mg, 1.0 mmole) by the procedure described in Example 45, Step A to
give the title compound (420 mg) in 76% yield.
Step C: N-[1(R,S)-[1,2-dihydro-1-methanesulfonylspiro[ 3H-indole-
30 3,4'-piperidin]-1'yl)carbonyl}-2-(cyclohexylthio)ethyl] -2-
[[(1,1-dimethylethyloxy)carbonyllamino}-2-methyl- .
propanamide
This Sheet Has Bee;; Replaced
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wi th nethyl ene chloride and washed with water and brine. The organic
| ayer was dried over sodiumsulfate, filtered and concentrated. The 10
resi due \A.as pur—l—fﬂ'ed—by ‘WPLC (silica gel, hexanes/ethyl acetate=1/ 1) to

give the d430 mg) in 89% Step D

N[1(R S) - met hanesul f onyl spi r o[ 3Hi ndol e-

3,4'-pipe ﬂ bonyl ]-2-(cycl ohexyl t hi o) et hyl ] - 2-

amnoZne e trifluoroacetat’e A sol ution of

t he |nterrred| ate obtained fromStep C (35 ng, 0.055 mmole) i
trifluorqacetic acid was stirred at room” 122ferrperature for 1/ ggﬁggﬁgghd

then concentrated to give the title conpound (33 ng). 20 [err]H NMWR
(400 MHz, _CD[err]CD m xture of rotaners): 7. 38 (d, 8 Hz, 1 H) ,
7.25-7.17 (m 2 H), 7.06 Argolitibh .ofThe InfeMnedidts obtaxiéd(ﬁfa;mIStde(4204 11

o2 v ?mwsfn@ ¢ Zgbdgn@;ﬁ“i S}mg‘ @ﬂuqroggeég acig %3%1 44t E"%°m3/ 2

H, 1.60 (s, 3/&mperamm7fdrs1/23m1md thetpcgmoenfiratyd apdridgl. Tevao 25

o dl hydro- gﬁgsoﬁ ﬁhl%r? 8%?&&. L Siitibforitf was addéd ebaiyloxy- |

pi peridin]- w%m@ﬁeﬂ v Osags ;ﬁdmalﬂ)g HOBt{hi3 mg, 0.84
ot 2¥£G?Q?Qag‘bt o “‘Hﬁ‘e 116 ml,. 0.84 mmolcy m"%‘%‘é‘%‘ﬁrg"‘“ n 1
mL net hanol wasBHB@ Eéahr?ulﬁét rggg% mneg@w,ﬁ?ﬁm fute

Lo “‘Q‘Pe? s washel i, wter ane "’;“‘Zt e Mashed
W th aq o y?B&Y‘EﬁY&QﬁH] Ve SQ s(‘J‘# %@W&a@ﬁ‘i% ed over
sodi um sul fat e, residucewad pamﬁed)byédﬂﬁ Eilicbgpl, iexanesfethyfl adetateailk)ae
ot ude product . Grectie i SopHARI R MRIHRO%. " 1o sl a gel |
met hyl ene chl ori de/ nmet hanol / ammoni um hydr oxi de=10/11/0.1). The purified
product vas re-geipdf i ed NLIITRIS-[1,2-dharo-1meihesonylspro[3H-indole-
3,4"-piperidin}-1'yl)carbonyl]-2-(cyclohexylthio)ethyl]-2-
amino-2-methylpropanamide trifluoroacetate
| A solution of the intermediate obtained from Step C (35
mg, 0.055 mmole) in 0.5 mL trifluoroacetic acid was stirred at room
temperatare for 1/2 hour and then concentrated to glve the title
compound (33 mg).
20 1H NMR (400 MHz, CD30D, mixture of rotamers): 7.38 (d, 8 Hz, 1
H), 7.25-7.17 (m, 2 H), 7.06 (m, 1 H), 5.02 (m, 1 H), 4.52 (m, 1 H),
4.11 (m, 1 H), 3.97 (m, 2 H), 3.39 (m, 1 H), 3.02 (m, 1 H), 2.98 (s, 3
H), 2.90-2.71 (m, 3 H), 2.05-1.74 (m, 9 H), 1.62 (5, 3/2 H), 1.61 (5, 3/2
H), 1.60 (s, 3/2 H), 1.57 (s, 3/2 H), 1.32 (m, 5 H). FAB-MS: 5379
25 M+1).

15

EXAMPLE 48

N-[1(R,S)-{1,2-dihydro-1-methanesulfonylspiro[3H-indole-3,4'-
piperidin]-1'yl)carbonyl}-2-(cyclohexylsulfinyl)ethyl]-2-amino-2-
methylpropanamide rochloride _
To a solution of the intermediate obtained from Example
47, Step C (35 mg, 0.055 mmole) in 1 mL methanol was added sodium
periodate in 1 ml water at room temperature. After a couple of hours,

30




compound (21 ny). [err]H NVR (400 MHz, CDOlerr] OD, m xture of

di astereoners and rotaners): 10 7.38 -7.04 (m 4 H), 543 (m 1 H), 4.50
(m 1 H, 405(m 1 H, 3.96 (m 2H, 3383 (m 1H, 3.13 (m 1H),
2.98°(s, 3 H, 2.90-2.71 (m 3 H), 2.05-1.74 (m 9 H, 1.62 (m 6 H,
1.51-1.32 (m "5 H). FAB-MS: 553.9 (M+l). 15

EXAMPLE 49 ThmsﬁeetMBénR@la&)d [ 1,2-dihydro-1

- met hanesul f o ol e- 3, 4 - pi peridin]-1 :
"yl )carbonyl] - ul fonyl ) et hyl am no- 2-
met hyl propana I de 20 1232 To a sol uti on1§§9?ﬁ%Y

I nt er medi at e obt ai ned from Exanpl e 47, Step C (35 ng, 0.055 mmole) in
1 nL et hanol was added OXONE in 1 nm water at roomtenperature. After

a coupl e of hothe redction mixture svedsi dituteid with ethylacdtdte aad washedwith acetate

i e over sodPGIPOE H@%ﬁ%ﬁgﬁﬁﬁ Phath Tk %ﬁ&s{ﬁiﬁ B8R o) e

was added sodium sulfate; dilteredoind ogneembraged.c Reprotegtionrofsthe residseanyl e
47, Step D tiﬂe&ﬁfﬁl ,pprs eg)%ﬁvgrtﬁgar ative
TLC(S|I|cg yenec rl, iy

hydr oxi de=10/ 1CH prq lYfanP feﬂm\% (ﬁﬂl%gﬁl,t h HJ in
g&lef }%DQI ve gﬁtﬁh ; Eﬁmmhydrbﬁﬂbklﬂom 1()4 hé ( ,

err m xt ur r m

H, 7.06 (m 1 fieg %élﬁf SH)e'aqlg ie ﬁ{lﬁ&l%zl in gther to 81"3% tfle,) 3 95
(m 2 H, 3.49c6mp oimld)zl mlH) 3.10 (m 1 H), 98(S 3/2

9,297 (= 5 KRt Mo 9,08, Byt Byt ﬁidgetazm%z ",

1.51-1.32 {h 738&%(@431{)55%@9 1 §)14.50 (m, 1 H), 4.05'@m, 1 H), 3.96
Eﬁﬁ@hﬁ 505 (m, W H)( B8l Gh] | HRIIIBLH D)2 & 3 H)2:90-0571 a3l - 1 -
H), 2.05-1.74 (m, 9 H), 1.62 (m, 6 H), 1.51-1.32 (m, 5 H). FAB-MS:
553.9 (M+1).

15 EXAMPLE 4

N-[1(R,S)-[1,2-dihydro-1-methanesulfonylspiro[3H-indole-3,4'-
piperidin]}-1'yl)carbonyl}-2-(cyclohexylsulfonyl)ethyl}-2-amino-2-
Ipropanamide hydrochloride

To a solution of the intermediate obtained from Example
47, Step C (35 mg, 0.055 mmole) in 1 mL methanol was added OXONE
in 1 mL water at room temperature. After a couple of hours, the
reaction mixture was diluted with ethyl acetate and washed with aqueous
sodium sulfite solution. The organic layer was dried over sodium
sulfate, filtered and concentrated. To the residue was added
trifluoroacetic acid by the procedure described in Example 47, Step D
to give a crude product, which was purified by preparative -TLC(silica
gel, methylene chloride/methanol/ammonium hydroxide=10/1/0.1). The
purified product was re-acidified with HCl in ether to give the title
compound (12 mg).
1H NMR (400 MHz, CD30D, mixture of rotamers): 7.36 (dd, 7, 2 Hz,
1 H), 7.22 (m, 2 H), 7.06 (m, 1 H), 5.53 (m, 1 H), 4.51 (m, 1 H), 4.11
(m, 1 H), 3.95 (m, 2 H), 3.49 (m, 2 H), 3.38 (m, 1 H), 3.10 (m, 1 H),
2.98 (s, 3/2 H), 2.97 (s, 3/2 H), 2.91 (m, 1 H), 2.20-1.74 (m, 9 H), 1.62

20
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I ndol e- 3-yl) et hyl - 2- am no- 2- et hyl propanam de hydr ochl ori de Step A

1, 1-di et hyl et hoxy) car bonyl | - 3- hydr oxy- 4- met hyl ene- 10

5. 6-tetrahydropyridi ne To a suspension/sol ution of

yl tri phenyl phosphoni um iodide (30 g, 74 mmole) in 150 nL of THF was
sl ow y added butyllithium (2.5 N, 25.5 nL, 63.7 mmole) at O[err]C

After stirring an hour at roomtenperature, N-t-BOC protected

4-pi peridone (prepared 5 from 4-piperidone nonohydrate hydrochloride by

t he procedure described in Prot ectlvi goups in Organi c Sy T. W
G eene, John Wley and Sons, NY. 198 2) in 50 nmL of THF was ddded to
reaction mxture at roomtenperature slowy. This reaction was stirred

for 2 hours and filtered. The filtrate was concentrated and purified 20

(MPLC, silica (5B/2 E'E){étﬁb(sﬂ,tyﬂ,lH);Chﬁat(e 3/Y H), 1570(sy8/2 ﬁ),wl-ﬂ(ﬁ?. (m,

product (7. 9 ﬁéﬂ? To a suspension of selenium
di oxide/silica 5@ '}9‘$ 5699 Qﬁé&)rdl ng to the procedure described in
Chem lett. 1981, 1703) in 30 nmL et hyl ene chl ori de was added t-butyl

hydr operoxide (1.23 nlL). 25 After 1ﬁ¥ﬂﬂ’% 5¢ he Wttig product (0.72 g,
3.69 moleg in 5 nL of met hyl ené€ | s added. The cl oudy ,

solution was stirred for 3 hours and filtered though Celite. The

filtrate was stm{R)MFsphoﬂ?I@b[b] i
'fl

0
1-[(
1.2.
net h

The organic | & )
(hexanes/ et hyl ICLIYLL And 110
(0.41 g). - 125 - Step B

ot r ahydr opyr iR ) ﬁafﬁw%e%ﬁﬁﬂ%’%WM§@geﬁgxxme%@ 5 A
(400 ngy, 1..88 rmDIe i_ il

chloride (165 m, or 25 .
o T, odide w;iim et it G
and Concerﬁﬂtyllﬂﬁmm @.9 N,125 SemEo B3P tnu"C??M'ter sﬁﬁm§t@p C
1-1(1, 1-dimet Ryl gty r&'o)m%glonﬁt]mé ILIrt( ﬁ(?éo FORISEEY ‘4 -piperidone (prepared
5 from 4-piperidone monohydrate hydrochloride by the procedure :

described in Protective Groups in Organic Synthesis T. W. Greene,

John Wiley and Sons, NY. 1981.) in 50 mL of THF was added to

reaction mixture at room temperature slowly. This reaction was stirred

for 2 hours and filtered. The filtrate was concentrated and purified

(MPLC, silica gel, hexanes/ethyl acetate=10/1) to gwe the Wittig

product (7.9 g) in 82% yield.

To a suspension of selenium dioxide/silica gel (prepared

according to the procedure described in Chem. lett. 1981, 1703) in 30

mL methylene chloride was added t-butyl hydroperoxide (1.23 mL).

After 15 minutes, the Wittig product (0.72 g, 3.69 mmole) in 5 mL of

methylene chloride was added. The cloudy solution was stirred for 3
* hours and filtered though Celite. The filtrate was washed with water,

brine and dried over sodium suifate. The organic layer was

concentrated and purified by flash chromatography (hexanes/ethyl

acetate=4/1) to give the title compound in 52% yield (0.41 g).

20
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thiolnmethyl- 1 .2.5.6-tetrahydropyridine The internedi ate

obt ai ned-from Step B (330 ng, 1.43 nmol e) was di ssolved in 10 nL of
acet one and 2- br onot hi ophenol (172 m, 1.43 nmmole) and potassium
carbohate (390 ng, 2.86 mMmvle) were 5 added. The reaction m xture was
heated to 60[err]C for an hour and then filtered though silica gel
(100% et her). The organic |ayer was concentrated and purified by flash
chromat ography (silica gel, hexanes/ et hyl acetate=10/1) to give the
title conpound in 84%yield (460 ny) . Step D

1'-1(1, 1- di net hyl et hoxy) car bonyl | - spi r o[ Belr?zio[ b] t hi o- 18899IBY
phene-3-(2H),y' -pi perdi ne The i nternedi ate obtained from

Step C (450 ny, 1.17 25 nmmole) was dissolved in 60 nL of benzene and Al BN
(10 ng) and ggpﬂ@tylth(rx%hsahyfeftﬁoﬂy)caib&@gmﬁbﬁhm&hyﬁﬂ%ﬂhls

m xture was T efTuxed for | concentra The resi due was
dissolved - in ether arésH 44 %

turned to a  brownish ’EhemtzrmedidteaﬂmmadlmesSdeptAc(AOBtmgpdrﬂS

tClegﬁg;aFure fﬁ%ole%@ﬁ?@%@%ﬁh%gﬂ,?g I'C d?ﬁ?ﬂgi cﬂ%aé m et her

The et her ted dotHE ﬁlﬁ aiputesoulhe i ed by
radi al chr hﬁﬁi ﬁﬁ)tuh’é'degg dﬂ%@ﬁ@ﬂ{'ﬁq?%ﬁ%ﬁrzﬂ&édh’t@ give

title corrpo n
- 126- fBx tavarwad GPied;ovsrapagResin e g0
y' - pi perdi ne] lconcentraned to give title compound 5333 mg, 77%).
yl ) carbonyl ] -2- (i ndol e- 3-yl )et hyl]-2-am no-
met hyl pr opag&lm de hydrochl ori de A sol ution of the

i nt er medi ate obSteprEd f r o[, éfdlme(tﬁjblethoxyﬁgarbbﬁbﬂMHﬁf&-b)’ompheﬁyﬁh of TFA
was stirred at room t enpegabithEthvi-1 &056%2{‘“ m Qeidipen concentrated. The

residue was diluted with THT Or grornr ard S NaHCS eilld»l:’) 2q. ) .

The organic |ayer was Thn infermediate @btamed LfroxatS;epr (B30 gnga

concentrated t

am ne (5.1 ny, %R‘égmldé@gg or o aawas ggjwﬁeéhd(m

i nt er nedi atfsob@ﬂﬂ qiagsjom carbonate (390 mg, 6 Tmo e) were
added. The reacnon mixture was heated to 60°C for an hour and then
filtered though silica gel (100% ether). The organic layer was
concentrated and purified by flash chromatography (silica gel,
hexanes/ethyl acetate=10/1) to give the title compound in 84% yield
(460 mg).

on

20

Step D: (1,1 dxme&ylethoxy)carbonyll—splro[benzo[b]thlo-

phene-3-(2H).y'-piperdine

The intermediate obtained from Step C (450 mg, 1.17
mmole) was dissolved in 60 mL of benzene and AIBN (10 mg) and
tributyltin hydride (644 mL, 2.39 mmole) were added. This mixture
was refluxed for 2 hours and concentrated. The residue was dissolved
in ether and bromine was added till the reaction solution turped to a
brownish color. To this brownish solation at room temperature was
added DBU (650 mL) in dropwise manner. The resulting cloudy
solution was filtered though silical gel and washed with ether. The
ether solution was concentrated and the residue was purified by radial
chromatography (silic gel, hexanes/ethyl acetate=10/1) to give title
compound (157 mg) in 43% yield.

25
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Step C (9.2 ng, 0.0246 mmole), HOBt (4.0 ng, 0.0295 mmol e) and EDC (5.6
ng, 0.0295 mmole) at roomtenperature. After 12 hours, the reaction was
poured into water and extracted with chloroform The chl orof orm | ayer
was dried over sodiumsulfate, filtered and concentrated. The residue -
was purified by Preparative - TLC (silica gel. hexanes/ et hyl
acetate=1/1) tthi hmHgE@@I s foam (13 ng, 94% . The title conpound
was obtai ned fr Fss foam according to the pr ocedur e
described in Ex err H NVR (400 VHz CD[err!%‘{

m xture of rota err] 7.62 (d, 8Hz- 263 , 754(d Y3
H, 7.39 (d, 8 Hz, 2/3 , 7.35 (d, 8 Hz, 1/3 H), 7.19-7.00 (m 6 1/3
H, 2.62 (m 1H) 172165(m 2 1/3 H, 1.61 (s, 4H) , 150(s 2H) ,

0.94 (m 1H), am ZN.[ﬂq{fﬁ%MbéﬂZo[S%phene-S(ﬂl), -piperdine]-1'-

EXAIVPLE 51 25
.2-Dimethyl spiro[i 50| ndaﬂ}thomril-%(mdolrﬁ 3arlethyly2-amino-2- To a

stirred sol ution of 2- e phdthivistoraeiatiide :m&ﬁ 10 mol ,

avai l able from Aldrich chemfa . re

hydrochl origle (2.9 g, 1573 gdis "rasﬁ"’%sgﬁ?biﬁsoms
slowy addéd pahgs8ile4 nunoleaan((BS%LmﬁrTﬁér wasatirred at rogimSempetfitureo! ) .

Stirred for aod %%%kmé ah et %@%ﬁit ‘? rosidue M@f&ﬁrﬁb‘x‘;ﬁe?”d

showed reactloﬁ: omang washed with The exggnicdayeriwas to ice,
and it was ex”cﬁ'fét? é‘i‘é&i ﬂ(x_]l h%i ca centratedto i e e

S127- . e

ey i ﬁ&%qzarféé&; roéimf?é&’“ i

el uting Iggezpane to

(ad. 3= 1 él& Stp k! E@i‘“ oozﬁmdagi%ﬁééfﬁwg @Bﬁ% nple) 368 m o).

3.03 (s, 3H, EDE-G. ecmgno .0295, mmole? af toouit tendpe; ratfretzAftet. 12 hsursgH

TP #é&éwa?dm{%‘%g eﬁrmr?‘%r%é%@%@d%ﬂﬂ@g% e 1o
I chloroform layer was dried over sodmm sulfate, filtered and

concentrated. The residue was purified by Preparative -TLC (silica gel.

hcxanes/ethyl acetate=1/1) to give a colorless foam (13 mg, 94%). The

title compound was obtained from this colorless foam according to the

procedure described in Example 18, Step C.

1H NMR (400 MHz, CD30D) mixture of rotamers: 8 7.62 (d, 8 Hz, 2/3

H), 7.54 (4, 8 Hz, 1/3 H), 7.39 (d, 8 Hz, 2/3 H), 7.35 (d, 8 Hz, 1/3 H),

7.19-7.00 (m, 6 1/3 H), 2.62 (m, 1H), 1.72-1.65 (m, 2 13 H), 1.61 (s,

4H), 1.50 (s, 2H), 0.94 (m, 1H), 0.10 (m, 2/3 H). FAB-MS 477 (m+1).

20

25

To a stirred solution of 2-methyhsomdohn-l-one (147 g,
10 mmol, available from Aldrich chemical company) and
mechlorethamine hydrochloride (2.9 g, 15 mmol) in DMF (50 mL) at
0° under Ar, was slowly added potassium hydride (35% in mineral oil,
4.5 g, 40 mmol). The reaction mixture was then slowly warmed to
room temperature and stirred for additional 3 hours. TLC (60% ethyl
acetate in hexane) showed reaction was complete. The mixture was
slowly poured on tfo ice, and it was extracted with ethyl acetate six

30



Step B: 2- Met hyl spiro[isoindolin- 1 -one-3'-piperidine]

The demet hyl ati on procedure was according to Tidwell and Buchwal d, J.
Org. ,Chem 1992, 57, 6380-6382. To a stirred solution of 15 the product
from Step A (1. 0—-1;r,~7:1r—35—mmﬂ—|—nt 2-di chl oroet hane (10 - m. ) at O[err]

was added 1-chlor st peigate (0.56 ni, 5.2 mmol) and t he

m xture was stirre Met hanol (10 rrL) was added and t he

resulting m xture &Hmﬂwﬁllikr one hour. Evaporation and flash
10- 20%_I\f#7err] OH MeOH(1:10) i

colum purificatio Té%?
chl orof ormyiel ded 0.63 g of product. err]H NVR (400 MHz, %W?vCD):

[err] 8.02 (d, J=8 Hz, IH), 7.85 (d, J= 8 Hz, 1H), 7 70 (t J= 8 Hz,
1H), 7.60 (t, J= 8 Hz, 1H), 3.75-3.60 (m_ 4H), 3.10 (s, 2.60-2.51
(m 2H), 1.72 times. d'lhécoidbxﬂedo? ic extrdtts Were dried MNa2S04) and

L Tt i ot i o kot A

carboxyl i c aci mthasomemtm&mmpf%ie%meﬂmnol in dichlorome

sol ution of 2- % e (100 ng) 30 in DMF (2 nL) was added

KH . Af
Cet e o PHAHESES e LEAE 63 L.
was stirred at aomvmpelmwsotmo%m 319§t(§d3Pll) 295-2890 grcoEDoht.
The m xture wa e n e I
acet at)é uThe oigﬁntl‘it g‘x?ﬁéi&v@s‘“’ﬁ? V@?ér( %eé )( ﬁz ?y -
128- evapbfz IM(@M?‘I?I%%MJZHM gy tp;rep TL[C el H—II ag'\;/Rvm( 28060%
et hyl acetate g{ﬁsr}ﬁ}éggg g @@ fgﬁ@ g@ H) err
VHz, CDC }‘5&? 7.75 d, J=
6.5Hz I[—|)754740(m2£];4435410(brm %302(5 5(3H),
2.14 dt . iz | ) ireidifk] 2H) -
FAB- I\/(B calc fm%@'err] ' . 3. i H) 0% .
Step D.  2- Met hyl spi r of {Boxemsithy mm@eduwwpsp@maimg]to Tldwell and
The i nt er nedi aB%ch%MSJG(B ml 9%57%38@%38@ t'l’oastm@ﬁ%‘f@ﬁ @iofd HA

o o o LR prohice Hom Step A (1.0, 4.3 oo in't 3 hcBltoekSank dd e

mL) at 0° was added l-chloroethyl chloroformate (0.56 mL, 5.2 mmol)
and the mixture was stirred for 20 min.. Methanol (10 mL) was added
and the resulting mixture was refluxed for one hour. Evaporation and
flash column purification eluting with 10-20% NH40OH-MeOH(1:10) in
chloroform yielded 0.63 g of product. .

20 1y NMR (400 MHz, CD30D): 6 8.02 (d, J=8 Hz, 1H),7.85(d,J=8 Hz,
1H), 7.70 (t, J= 8 Hz, 1H), 7.60 {t, J=8 Hz, 1H), 3.75-3.60 (m, 4H),
3.10 (s, 3H), 2.60-2.51 (m, 2H), 1.72 (br. d, J= 14 Hz, 2H).
EI MS calc. for C13H16N20, 216; found 301 (M+, 5%), 216 (M),

185, 160.
25
Step C: 2-Methylspirofisoindolin-1-one-3,4'-piperidine]-1'-
carboxylic acid, 1.1-dimethylethyl ester
To a stirred solution of 2-methylisoindolin-1-one (100 mg)
30 in DMF (2 ml.) was added excess KH in mineral oil at 0° under Ar.

After S min., bis(2-bromoethyl)s-butyl carbamate (300 mg) was added
and the mixture was stirred at room temperatare for 1 h and heated at
80° overnight. The mixture was poured on to ice, and it was extracted
with ethyl acétate. The organic extract was dried (Na2S04) and



Al'l spectral data for this conpound _&Jhe_saae .as in step B. Step E
N-[l(R) [ (2- Met hyl spiro[isoindolin- 1 one p| peridin]-

| ) car bonyl ] - 2- (i ndol - 3-y| Fhis - di net hyl et hyl -
k |

oxy)car bonyl] am no] -2-net hypr The conpound was
prepared according to standard upling technol ogy from

[err] (R)-[[2-[[(1, 1-di net hyl et hoxy)carbonyl]

am no] - 2, 2-di et hyl - 1- oxoet hyl ] am no] - 1H i ndol e- 3- propanoi ¢ acid (25 20

ng) and the product from Step B [ errdgd NVR (400 MHz, CDCI [err]
8.58, 8.44 (2 br. s, 1H), 7.80-7.15, 6. 44% (m d, J=7.6 Hggg?¢¥B¥
10H), 5.43-5.36, 5.22-5. 15 (2m 1H), 4.98 (br. s, 1H), 4.60450 (br.

m 1H), 3.64-3.50 (br. m 1H), 3.40-3.05, 2.72- 2.64, (2m_A4H), .2.88,

2.51 (2s, 3H),e %cﬂommreﬁfme was unﬁaﬂ]bypscp-ﬁcle’luungmthﬁ %BH) ,

1.45, 1.44 (2s 4% ABNBcaIc for
i sa% @ gg%i%ﬁ% i, 1035

yl) car bony i{);/gﬁ (65, ZH) %.35-4,10 (br. m, 2H), 3.02 G5,
E‘?LBélﬁéc’ﬁéPﬁg“pﬁhﬁf e 3 B3 Hz, zm,m@&mu%éw%ﬁ#%

[err]H NWR (4OFMS@1€rfcﬂr 7, 3p; fobAd 317 QvrH,S080%)5. 15 (2 dd,
1H), 4.50-4.40 (m 1H), 3853 TH), 3.65-3.50 (m, 3.40-3.15
- 129 - (m, 2.95, 258(25 3H) 295285(m) 2.55-2.47 (m),
2.22-2.15 (m, Step 8. 09-2-M saindolindl -oneeh4l-piperidine] 1. 50- 1. 20 (),

1.15-1. 05 0. 9- On ’

C[err]H[erg?N[err]QerrOIﬁﬁ ﬂ%%%(:(6xﬁé?%ﬁ@ﬁ@dm
EXAVPLE 52 oonrs¢ntrated HCl and MeOH at room temperature for 2 hours and
1(R 1- |1 b I

h(exgll ][<[31m LE)][ Egrg(ﬁ)ééﬁb@&pﬂ zsiu egiloscar Og%il-? ﬁ(Tolng] B.
3,4 -piperidin]-1'-yl]ca \gﬁeg‘i’%l’ a 1?'?osmp

Step E: N-[1(R)—[(Z-Methylspiro{isoindolin—l-one-3 4'-piperidin}-
13 1'-yl)carbonyl]-2-(indol-3-yDethyl]-2-[[(1,1-dimethylethyl-
oxy)carbonyllamino]-2-methylpr ide
The compound was prepared according to standard peptide
coupling technology from o(R)-[[2-{[(1,1-dimethylethoxy)carbonyi]-
amino]-2,2-dimethyl-1-oxoethylJamino]-1H-indole-3-propanoic acid (25
mg) and the product from Step B
1H NMR (400 MHz, CDCI3): 3 8.58, 8.44 (2 br. s, 1H), 7.80-7.15, 6.44
(m, d, J= 7.6 Hz, total 10H), 5.43-5.36, 5.22-5.15, (2m, 1H), 4.98 (br.
s, 1H), 4.60-4.50 (br. m, 1H), 3.64-3.50.(br. m, 1H), 3.40-3.05, 2.72-
2.64, (2m, 4H), 2.88, 2.51 (2s, 3H), 2.00-1.90 (m, 2H), 1.52, 1.51 (2s,
25 3m), 1.49 (s, 3H), 145, 1.44 (2s, 9H), 1.40-0.40 (several m, 2H).
FAB-MS calc. for C33H41N505, 587; found 588 (M+H), 532, 488.

20

Step E: N-'[1(R)-[(Z-Methy]spiro[isoindolin-l-one-3,4‘-pipeﬁdin]-
1"-yl)carbonyl}-2-(indol-3-yl)ethylj-2-amino-2-
30 methylpropanamide hydrochloride
The title compound was prepared using HCl in ethyl acetate
from the product of Step E.
1H NMR (400 MHz, CD30D): 8 7.84-6.89 (m, 9H), 5.30, 5.15 (2 dd

1H), 4.50-4.40 (m, 1H), 3.85-3.77 (m, 1H), 3.65-3.50 (m), 3.40-3.15




2met hyl propanam de hydrochl ori de To a solution of the

comercially avail abl e N-hydr oxy- succi m dyl - 4- azi do- 2- hydr oxy- benzoat e
in 5 nl of CHerr]CG[err] was added 6- N-t - but oxycar bonyl - n- hexyl am ni e
hydrochl oride and 0.10 wL of Huni g' s base and stirred for 4h. The

reaction m xture ThaSheM@pBEaRBhced L0 dryness and chromatorgraphed on 15 g

of silica gel. Elu hexanes-et hyl acetate (2:1) gave 0.229 of
t he acyl ated produ Lﬂ“w)mg of the above material was added 2 ml of
THF and 2 niL of O. us NaOH, ia ng of potassiumi O%ﬂw

8 was

Chl oram ne-T (15 ng) was 20 added and stT d for 30 mn. The r

quenched with 2 nL of saturated sodiumthiosul fate solution, diluted
with 5 nmL of 0.05N HC and extracted with ethyl acetate (2X5 m.). The
conbi ned or ganifgs), 2.95, m&ﬁﬂ&}i 2051D, QS'(ﬁﬁ X347 Qm)emmar Vg err]

d trat I
 Concentr ot 5109200 T 51 S5 16 VRS 1301 085 {157 a7 o)
Depr ot ecti on of09#&8|\(m),061t-®& fmk carried out with 4AMHO in et hy[l_
acetate to giv 0 o]
sol ution ofsgt hﬁ ma er| a for%[f%l@%@?ég?} c{errf]%vghshé ed 49 nmg of
the acid internediate form Step A of Exanple 33, 0.016 nL of NvW 19.8

ng of HOBT, and 29 ng of EDC and sti rE%%MPLE%Zh The reaction was

wor ked up and purified in the usual Once again

deprotection of the N-tBOC group was carried with 4M HO in ethyl

ac ;at at ei Thi stQM[?(RE{ ]_t.[[g[{@.ﬁ %@oﬂﬂﬂ@&ophenyl]ﬁtbbﬁyﬂ@hﬂﬂo]ﬁhl S
materi al was Si

™50 3R sttt 3 dhydrospinol3Heindaler) (oxs

m). The 10%¢c 1-pfptmhg}1-d| -cyi;]cadnw;d]@a@:hemwdmﬂi)doxymyl]r-z-Mw
concentratedtcﬁ nosNd s v err]H NI\/R(CDCI[err] 400 I\/Hz)

The conpound e 340 (m
!glejlﬂéwdroxy?o (s

1H), 7.95 (s, 2/3H), 7. 9(Tq 8 sohn:m; ofﬂmoommercmllwa
(2%3"%_') 6. 258(()msuébhmd§tl24l ~benz?até 8% hI4ef Q?( ; 2 70
(dt, 1H), 1,90 Grlr{gg-ﬁm?x{&q}mnxp géx amine g]pqgrolgﬁgonde 8 0'mL H}
Hunig's base and stirred for 4h. The reaction mixture was evaporated
to dryness and chromatorgraphed on 15 g of silica gel. Elution with
hexanes-ethyl acetate (2:1) gave 0.229 of the acylated product. To 29
mg of the above material was added 2 ml of THF and 2 mL of 0.01 M
aqueous NaOH, 25 mg of potassium iodide. Chloramine-T (15 mg) was
added and stirred for 30 min. The reaction was quenched with 2 mL of
saturated sodium thiosulfate solution, diluted with 5 mL of 0.05SN HCl
and extracted with ethyl acetate (2X5 ml.). The combined organics
were washed with brine (5 mL), dried over MgSO4 and concentrated.
Flash chromatography of the residue (5 g silica gel) with hexane-ether
(3:1) gave 26 mg of the iodonated material. Deprotection of the N-
tBOC was carried out with 4M HCl in ethyl acetate to give 21.4 mg of
the hydrochloride.

To solution of this material in 5 mL of CH2Cl2 was added
49 mg of the acid intermediate form Step A of Example 33, 0.016 mL
of NMM, 19.8 mg of HOBT, and 29 mg of EDC and stirred for 18 h.
The reaction was worked up and purified in the usual manner.

Once again deprotection of the N-BOC group was carried
with 4M HCl in ethyl acetate. This gave the title compound as a yellow-
brown solid. This material was basified by dissolving in 2 mL of
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EXAMPLE -53 N[ 1(S)-[(1 ,2-d|W__-_._ .

nethylgulfonylsplro[3FL|ndoIe 3,4 5 Q

-yl ) carbonyl ] - 2- (phenyhnethylsulfon ﬂo 2- nethyl
propénan1de hydr ochl ori de St ep ’
N[1(S)-[(1, 2-Di hydro 1- met hyl sul f on ol 3

,4' -piperidin]-1 "yl)carbonyl]-2- (phenylnethylsulfonyl)- 20
ethyl]2-anino-2-nethy|propananide A sanpl e of

N[1(S)-[(1, 2-di hydro-1-net hyl sul f onyl spi [ 3H i ndol e- 3, 4'5xRl i din
]-1'yI)carbonyI]-Z-(phenyInethylthio)etﬁyng' [[1,1 ﬁss@bﬁ??

- di et hyl et hyl oxy) car bonyl ] am no] - 2- net hyl pr opanam de (Exanmpl e 44,
Step C), 72 ng , was dissolved in 0.5 nL nethanol and cooled in an ice

e (o 1S amragdeNaHCOD dndontickid willl CERECIAIX 3 b Theon Oferlgll "
| | ev
s by ke ofodiined Srgfies etk dried Gt RB2504 ahd Senihiatddio

hexane; two m)mlepghﬁ ofifdl S were observed to grow over ting at the

-expense of the

essenti al | ¥ gorllg;f w&&ws&wsmr@@%d%%ﬁa%%@ under
a nitrogenst reammersd & Ba10-8201(m, dH); 5&5&,\&/31‘[) 7.90 (I143HY o7 AO-The

<1, 000 Terr] e?.?’“& AL WZ@%‘“@?W D YL A0k AHE Lo
bands ‘wer e i sof ﬁ@,l“ﬂ)s w-ﬁr Q&ma ht3.88:3. (m,d4HLo349d3419 0.5
mLof ani sol e, I | r

- 131 - a)r;@ofylr%? ogl'ﬁgp?ggctzm(%\t’/agﬁs) g[?géyez(? gﬁa 1?%90\}510 f(sr omt he
bath. Afte 0 06 nutes, the bulk of the TFA was renoved under aspi rator
vacuum ané the bul k of the remai ning ani sol e evapor at ed under a
nitrogen stream The residue was tak or of orm and shaken with
1 MK err]HPO err], to which enough iﬁéﬂﬁéggiggéed to give a pH > 9.
The chl orof ormwas then renoved and the aqueous phase extracted several
nore tines wt d h
MySO err], andh{:gm@nﬁggﬂg}%ﬂﬁ ?}?&H %&ﬁﬁgﬂg@? [g,l—g-ﬂ&é‘ﬁe§4 ?nﬁéjﬂ éﬂnt]
Preparative TL@Z-H carbonyl}-2 ll}'xl Qﬂl@ ]-B—an;mq:grmethyl-
NH[err]CH aidé ﬁi&ﬂﬁﬂﬁgnﬂﬁe free base of the title conpound.

Step A: N-[1(S)-{(1,2-Dihydro-1-methylsulfonylspiro[3H-indole-
3,4'-piperidin]-1'yl)carbonyl}-2-(phenylmethyisulfonyl)-
ethyl]2-amino-2-methylpropanamide
A sample of N-{1(S)-[(1;2-dihydro-1-methylsulfonylspiro

[3H-indole-3,4'-piperidin }-1'yDcarbonyl]-2-(phenylmethylthio)ethyl]2-

{[1,1-dimethylethyloxy)carbonyljamino]-2-methylpropanamide

(Example 44, Step C), 72 mg , was dissolved in 0.5 mL methanol and

cooled in an ice bath. To this was added, dropwise, with stirring, a

solution of 101 mg OXONE (TM) in 0.5 mL water. The reaction was

monitored over several hours by TLC on sitica gel GF plates, developed
with 2:1 EtOAc: hexane; two more polar spots were observed to grow
over time at the expense of the starting material. ' When the starting
material was essentially gone, the reaction mixture was taken to near
dryness under a nitrogen stream, and the residue extracted with
chloroform. The MgS04 dﬂed extract was subjected to preparative

TLConan8"x8"x 1,000 silica gel GF plate, developed with EtOAc:

hexane; two bands were isolated. The less polar component was

dissolved in 0.5 mLof anisole, cooled in an ice-bath, and treated with

20
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Calc. for (JQerr]Herr]Nerr]Qerr]S[err]: MN= 576.7;, found nmfe = (mtl)
577.5. ¢ Step B: N[1(S)-[(1, 2- Di hydro-1-net hyl sul fonyl spiro

[ 3H i ndol e- 3,4 -piperidin]-1 o

"yl y¢&arbonyl ] -2-(phenyl net hyl sul fonyl)- 15

et hyl ] - 2- am no- 2- et hyl pr opanam de hydrochl ori de The

hydr ochl oride salt of the conpound from Step A above was produced using
standard procedures descri bed above affording the title conpound. 20
EXAMPLE 54 Preparation of the two

N-[1(S)-[ (1, 2- di hydr o- 1- et hyl sul f onyl spi #31 - 18899IBY
[3Hindol e-3,4" -piperidin]-1"-yl)carbonyl]-2-(phenyl methyl sul finyl)-

et hyl |-2-am no-2- net hyl propanam de hydrochl ori des 25 Step A

N-[1(S)-[(1, 2- B.Hyell OfITFAL h!‘héltbééﬁmi%msfﬁb peicidaid removed from the

2t ﬁyl FI pczar 1'124 Eb é"r%%&é‘bé‘g aéé’%uiﬁoﬁﬁeﬁ”ﬁ&' v né}%}"g@”‘ﬁ&e{ he more

pol ar band f roas%gum&facﬁnmnﬂnﬂ i balk mbtﬁdmxﬁﬁningianmoleedqhtbmwd ng
Pe

procedure desc foben ol Cén\@r kup,
: wd{eﬁm% B dn foni 2

two bands are iI's

sul f oxi des exp fthr EStOfg]Vea
H N 561. 7.

C[lgr2 rIH err] [ % r e ar s rt%en@?éﬁo%?gfaﬁmﬁerﬁ‘q%enuﬁ Phise

C[err]H[err]N[G?{FfP lr morg fymes withs chlorotemg,, Wﬂ%@%@é@ 7.

Step B:  N-[1pkhs éddnéd@viﬁhM Omm&hmmddmd@essumm a

3,4'- di | | ’
et hyl fl ge;:ihl A P@fﬁ cfg‘gipiﬁﬁi nﬁ& ot bl b)s: 5: 95 Congre tite
compound i § obb&M@H Q ﬁHGlBlaﬁfprdethemebdse of the titlepcompoundol at ed
from Step A abQac.ffor CHFPHIRNAOKS PMEWaE ST6. T, fRndSnf® =(mFXREPYS.53 for

Step B, Exanple 53,
Step B: N-[1(S)-{(1,2-Dihydro-1-methylsulfonylspiro [3H-indole-
3,4 -piperidin]-1'yl)carbonyl]-2-(phenylmethylsulfonyl)-
s thyl}-2-amino-2-methylpropanamide hydrochloride
The hydrochloride sait of the compound from Step A above
was produced using standard procedures described above affording the
title compound. :

20 EXAMPLE 54

Preparation of the two N-[1(S)-{(1,2-dihydro-1-methylsulfonylspiro-
[3H-indole-3,4'-piperidin}-1'-yl)carbonyl]-2-(phenylmethylsulfinyl)-
ethyl 1-2-amino-2-methylpropanamide hydrochlorides

Step A: N-[1(S)-{(1,2-Dihydro-1-methylsulfonylspiro[3H-indole-
3,4'-piperidin]-1'yDcarbonyl}-2-(phenylmethylsulfinyl)-
ethyl]-2-amino-2-methylpro ide
Subjecting the more polar band from Step A, Example 53,

3% o the TFA/ anisole deblocking procedure described there, followed by
the same preparative TLC workup, two bands are isolated,
corresponding to the two diastereomeric sulfoxides expected. -

For the less polar diastereomer: Calc. for C27H35N40582 MW =

560.7; found m/e = (m+1) 561.7. —— — —
This Sheet Has Been Replaced

T
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EXAMPLE, 55 N[ 1( R) [(1, 2 Di hydr o- 1- met hanesul f onyl spi r o[ 3Hi ndol e- 3;

4" - ; piperdin]- 1 °'-yl )car bonyl ] -2- (penyl nmet hyl oxy) et hyl ] - 2- am no- 2-

met hyI propananm de nesyl ate Thi s conpound was prepared by
the’treating the free base _ . obtained in Exanple 18, Step C, wth methane
sul fonic acid. The title corrpound was obt ai ned by recrystallizing it

m et hyl acﬂlssma&meplace . = 166[err]-168[err]C. 20

fr

§X§N§LE452 6 ﬁgm wm“ 1H-t hi [ d] i m dazol e- 4(S) - i
a a- t hl eno i m dazol e- noil c

acid-6-[[[[[1 - 3?5 TSRgYIE

am no- 2-neth - oxopropyl ] -

am no] - 3- (phenymet hyl oxy) - 1- oxopropyl ] - 2, 3- di hydr ospi r o[ 3Hi ndol e-

3,4 -piperidin]-1-yl]sul fonyl] et hyl ] carbonyl ] am no] hexyl ester
trifluoroacet akgr the mo_re polar diasteredmes: SalcyforCrgHIENGOFSY: MNE =

I nternmedi ate pﬁ@ﬁ:% Ex IgégﬁgstepAln SmL of CHerr]C[err] was
added 20mg of m/elTe Qﬁ'g} of HOBT, and 42ng of EDC and
stirred for 4h. the reaction mxture was diluted with 10nmL of

rercd oSSR oo BIICHA 2y s R R IEC°, ..

purified by flash ctﬁdhpipﬂg‘ldm xl)m;benyl]ez-(phex)ylm¢thylsu
CH err]C [err]-acetone ,\ ‘ f
- 133 - [0 o 1 21v] f L e L In (0]

CH err]C[err] and ﬂheﬁﬂemamp@mbw@btamégbﬁﬁﬂ smwg@ﬁﬁj SVAP,

28mg of 5 — EXorBPBufids isciftedfrons gheaﬁcg%fdmfe}w%pmﬁ@ﬁr?pm@ n?]he

ususa nann I C si du ash chr omat'ogr aphy over
€6|I Eﬁ@ﬂi’al@:lﬁfql]m E"%@&%% (1:1) as the eluent gave

22rrg of th biotin conjugate. Deprotection of the NNtBOC was carried

White solide o Terr]H MR (000t [er EXAMIREAS The compound s a 3.2
m xt ure of _
N-[1(R)-[(1,2-Dihydro-1-methanesulfonylspiro[3H-indole-3,4'-
piperdin]-1'-yl)carbonyl]-2-(phenylmethyloxy)ethyl}-2-amino-2-
methylpropanamide mesylate

: This compound was prepared by the treating the free base
obtained in Example 18, Step C, with methane sulfonic acid. The title
compound was obtained by recrystallizing it from ethyl acetate-ethanol-
water. m.p. = 166°-168°C.

15

20
- EXAMPLE 56

2,3,3a,4,6,6a-hexahydro-2-oxo- 1 H-thieno[3,4-dJimidazole-4(S)-
pentanoic acid-6-{[[[[1'-{[(29R)-[[2-amino-2-methyl-1-oxopropyl]-
amino]-3-(phenylmethyloxy)-1-oxopropyl}-2,3-dihydrospiro[ 3H-indole-
3,4'-piperidin}-1'-yl}sulfonyl}methyljcarbonyllamino}hexyl ester
trifluoroacetate
To a solution of 0.108g of the intermediate prepared in
Example 33 step A in SmL of CH2Cl2 was added 20mg of 6-amino-
hexanol, 28mg of HOBT, and 42mg of EDC and stirred for 4h. the
reaction mixtare was diluted with 10mL of CH2CI2 and washed with
0.5N HCI (5mL), satureated aqueous NaHCO3 (SmL), dried over
MgSO4 and concentrated. The residue was purified by flash
chromatography (10g silica gel) with CH2Cl2-acetone (1:1) as eluent.
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10 rotanmers. d 8.45-8.23 (m 1H), 7.9 (s, 1H), 7.40-7.28 (m 4H), 7.25-
7.17 (m* 2H), 7.00 (dt, 2/3H), 6.80 (d, 1/3H), 5.21-5.14 (m 1H), 4.60-
4.42 (m 4H), 4.28 (bt, 1H), 4.15-4.00 (m 6H), 3.85-3.70 (m 2H)
3.20:3.10 (m 3H), 2.90 (dd, 1H), 2.83 (dt, 1H), 2.70 (d, 1H), 2.40-2.25

(m 2H), 2.00-0.60 (m 18H), 1.62 (s, 3H), 1.60 (s, 3H .- 15 20

25 30 - 134- VWHAT IS CLAIMED | S

1. A conpound of. the fornula; [err] ' '
-133 - 188991BY

To 56.2mg of the above intermediate in 2mL of CH2Cl2
and 2mL of DMF was added 23mg of biotin, 14mg of DMAP, 28mg of
EDC and stirred for 18h. The reaction was worked up in the ususal
manner. Purification of the residue by flash chromatography over 5g
of silica gel with CH2Cl2-acetone (1:1) as the eluent gave 22mg of the
biotin conjugate. Deprotection of the N-tBOC was carried out in
CH2Cl2-TFA to give 18.9mg of the title compound as a white solid.
1H NMR (CDCI3, 400MHz) The compound is a 3:2 mixture of
rotamers. d 8.45-8.23 (m, 1H), 7.9 (s, 1H), 7.40-7.28 (m, 4H), 7.25-
7.17 (m, 2H), 7.00 (dt, 2/3H), 6.80 (d, 1/3H), 5.21-5.14 (m, 1H), 4.60-
4.42 (m, 4H), 4.28 (bt, 1H), 4.15-4.00 (m, 6H), 3.85-3.70 (m, 2H),
3.20-3.10 (m, 3H), 2.90 (dd, 1H), 2.83 (dt, 1H), 2.70 (d, 1H), 2.40-2.25
(m, 2H), 2.00-0.60 (m, 18H), 1.62 (s, 3H), 1.60 (s, 3H). '
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20 Rlerr] is Clerr]-CJerr] alkyl, aryl, aryl (Cerr]-Clerr] alkyl) and
Clerr]®Jerr] cycloal kyl (Jerr]-Cerr]al kyl) or
Cerr]-Cerrlalkyl-K-Jerr]-Cerr] alkyl, aryl(Cerr]-Cerr]alkyl)-K-

(dérr]-err] aIkyI) C[err]-C[err] cycloal kyl (CJerr]-(err]

al kyl)-K-(d erts cyd wher e Kis 0, S(Oferr], N(Rerr])CO,
CCONRerr]), or 25 -CRlerr]=CR err]- or -Cerr]C where the
aryl groups are ' and the Rlerr] and al kyl groups may be
futher substituted by 1 to hal: ;ogen, 1348(O)[err]R[err] ?8 Bia or
C(OORerr] and the aryl groups may be ~ further substltute gy phenyl ,
phenoxy, hal ophenyl, 1-3 Clerr]-Clerr] alkyl, 1 to 3 halogen, 1 to 2
OR[err], nethyl enedi oxy, S(OnmR2, 1to 2 CF[err], 30 OCF3, nitro,

N(R{err]) (Rl erWHATNSCEAIMEDASY err], (O ORlerr], GONRerr])(Rerr]),
SP[err]N(Rlerr])(Rerr]), N(R[err])S(O)[err] aryl or
N(R[err])SOerr]Rerr]; Rl err] |s drogen C[err] Cerr] alkyl,
Cerr]-Cerr} cycloal kyll,. ané opmpeundo al kyl groups
are present on one atom they nmay be optlonally jOI ned to forma
C[err] C[grr] cyclic ring optionally |ncI udi ng oxygen, sulfur or NR2a;

135 R[err] | hydrogen Cerr]-Cd Eﬁ al kyl ; R3a and
R3b are independentl| %e haI n C[err],% r] al kyI BerRlerr],
cyano, OCF3, nethyl € 6 yCnrlAro; S(O)[errH%—GEFNe-tO-]——Ar—ﬂ@O)OQ[err] and

0 Rs.
- 10 C‘=0 q:o
N N
? \ B~ R
. ! G. R
: . Ba D 'R 3z
) J/H
| J*ln”'
R
3b RSb
Formula [ ~ Formula li
20 '

R1 is C1-C10 alkkyl, aryl, aryl (C1-Cg alkyl) and C3-C7 cycloalkyl
(C1-Cpalkyl) or C1-Csalkyl-K-C1-C5 alkyl, aryl(Co-Csalkyl)-K-
(C1-Cs alkyl), C3-C7 cycloalkyl(Co-C5 alkyl)-K-(C1-Cs alkyl) where
K is O, S(O)m, N(R2)C(0), C(O)N(R2), OC(0), C(0)O, or

25 -CR2=CR2- or -C=C- where the aryl groups are defined below and the
R2 and alkyl groups may be futher substituted by 1 to 9 halogen,
S(O)mR23, 1 to 3 OR24 or C(O)OR24 and the aryl groups may be
further substituted by phenyl, phenoxy, halophenyl, 1-3 C1-Cg alkyl, 1
to 3 halogen, 1 to 2 OR2, methylenedioxy, S(O)mR2, 1 to 2 CF3,

so OCF3, nitro, NR2)(R2), NR2)C(O)R2, C(O)OR2, C(O)N(R2)}(R2),
SO2N(R2)(R2), N(R2)S(0)2 aryl or N(R2)SO2R2;

R2 is hydrogen, C1-Cg alkyl, C3-C7 cycloalkyl, and where two C1-C6
alkyl groups are present on one atom, they may be optionally joined to
form a C3-Cg cyclic ring optionally including oxygen, sulfur or NR2a;

AT A L




when Rlerr] and Rlerr] are in an ortho arrangenment, they may be joined to
forma<err] to err] aliphatic or aromatic ring optionally including 1
or 2 het er oat ons sel ect ed from oxygen, sulfur or nitrogen,;

Rlerr] and Rerr] are i ndependently hydrogen, (err]-Cerr] alkyl,
substitut ed C@sisheefOlseBéch Replaced  al kyl where the substituents may be 1 to 5

halo, 1 to 3 hy | Cerr]-Cerr] al kanoyloxy, 1 to 3
C.err]-Clerr] al phenoxy, 2-furyl, Cerr]-Cerr] :
al koxycar bonyl , rr]-Cerr] a |); or Rlerr] and If& }B?an be

t aken - together to form-(CHerr])] TL[err] (CHerr])[err]< Wwhere
Lais C(Rerr])[err], O S(Omor N(R[err]), r and s are

i ndependently 1 to 3 and R2 is as defined above; 15 Rlerr] is
hydrogen or ( ®74 istiydrogenlonC1-Ce alkyl; A is: [err] 30
where x and y are independently O0-3; Zis NNRerr] or G

Rlerr] and Rlerr] are_i ndependently hydrogen, C[err]-Clery | Ky
ORlerr], R3g and mmmﬁepeﬁmtﬁr hy i h@hﬂ!’%&ﬂé @ié’llisré)ké,kyl

where the substihygn thylenedioxy, nitro, S(O)mR, CF3 or C(O)OR2 and

- 136- E’b’ R e ﬁ% - hyd heny! %ai , 1

to 3 fluor g, %Vheﬂ; g@@%ﬁiéﬁh{%ﬁﬁﬁym@m&@ew&a&% j‘l‘? gélr {(yl ,

N(Rerr]) (R er fham 4009 ¥ GRaitiphatid ¢ adomati¢ ring optionally including 1 or 2
heteroatoms selected from oxygen, sulfur or nitrogen;

R4 and R5 are independently hydrogen, C1-Cé alkyl, substituted C1-C6
alkyl where the substituents may be 1 to 5 halo, 1 to 3 hydroxy, 1 to 3
C1-C10 alkanoyloxy, 1 to 3 C1-Cg alkoxy, phenyl, phenoxy, 2-furyl,
C1-Cg alkoxycarbonyl, S(O)m(C1-Cs alkyl); or R4 and R5 can be taken
together to form -(CH2)rLa (CH2)s- where La is C(R2)2, O, S(O)m or

" N(R2), r and s are independently 1 to 3 and R2 is as defined above;

10

15
R is hydrogen or C1-Cg alkyl;

Ais:
20 Ry
—(CHz)x“-?—‘(CHz)y—‘
R7a

or
25

a
— Z{CHIG— (G —
. R?a
30
where x and y are independently 0-3;
Z is N-R2 or O;

* R7 and R7a are independently hydrogen, C1-Cg alkyl, OR2,
trifluoromethyl, phenyl, substituted C1-Cg alkyl where the substituents

A




R7 and R7a can independently be joined to one or both of Rerr] and R err]
5 groups to formal kyl ene bridges-between the termnal nitrogen and the

al kyl portion of the R7 or R7a groups wherein the bri dge contains 1 to

5 cdrbon atorrs'rmsSheetHasIBen d and F are independently C(Rerr])(R
[err]), O C=Q S( such that one or two of B, D/ E, or F
may be optionally prOV|de ab, 6, or 7 nmenbered ring; and

provi ded that B, D, can be C(R8)(R 10 or C=0 only when one
of the remaining B, D, E and F gr S i s simultaneousl 3@8@ m or
NR9; B and D or D and E t aken tdgg#ﬁer may be N=CR[ err] ?9 err] =N-
or Band Dor D and E taken together may be CRlerr]=CR err] provided
one of the other of B and E or F is simultaneously 0, S(O m or
F&Frr] ] ) lﬁﬁdﬁtﬂ Rlph nyh DR leto B ﬂmperr]

err err r
(O O(CH err] K}R%HQKOEP @f) @OPW%?‘a d the
aryl may be o andlll'gaeammdemndm y njomeidteamf,on

-

C[err]l derr i eR[err]
ISSd (?E (ra]r rR][ err ]C;bhgdﬂlsﬁlﬁﬂﬁ ﬂl&Rﬁ[@‘rR%a groups, Wm % E@{nﬁlérﬁ ),

CCONRerr]) ] aryl, C(OORerr], 1H-tetrazo| 25 5-y
S err]H, ngf%r%err ! SQerr]N(R[err])aryI SQerr]N(R[err])(R[err])
and the (CH2)q may be optionally substltuted by I to 2 C

[err]-Clerr] 8K E, aﬁthmﬁiﬁhdenﬂ y C(R8}R20Y, Oy&=0) S E)rhponNEY,

Lt o L o b D i R sy mising 12 2.

C(ON(R[ ef'T]) pibeide]a 5, 6, m?zmeﬂe&[mg,]aummdmthaw DyEamd Fo 5
ha ogen. 1 tog aﬁGbe )EEH ) 8hlyy Wheh cacof tHe?hifining B, D, E and
S(O[err] R erl lé'rQ (QDm] Oram% %@P@rp]%@[@d FN

i b ek
CRACRAD onebLIe o ‘

aryl, N(R,
N(Rlerr]) O)bﬁﬂwsﬁﬂﬂmdombyOS@)ﬁbrm:])(R[err])
OC(ON(Rlerr])(CHerr])[err]

SCIerr](CH[err])[erIiCO\ll—l- (CH err]) err]NHC(O)R[err ,where wis 2-6 and
Rl err] 10 are independently hydrogen, R2, O 2 (CH:mFaryl, may.

be biotin, ar )(CHﬂq CBYORLIECHD L BYOCHD)§ affHl 6t (dezjq ¢1 Hfe 2201
- 5-y1) and the aryl may be optionally substituted by 1 to 3 halo, 1 to 2
20 C1-Cg alkyl, 1t0 3 OR2 or 1 to 2 C(O)OR2;

Rg is R2, (CH2)q aryl, C(O)R2, C(O)}(CH2)q aryl, SO2R2, SO2(CH2)q
aryl, C(O)NR2)(R2), C(O)N(R2)(CH2)q aryl, C(O)OR2, 1-H-tetrazol-
5-y1, SO3H, SO2NHC=N, SO2N(R2)aryl, SO2N(R2)(R2) and the

25 (CH2)q may be optionally substituted by 1 to 2 C1-C4 alkyl, and the R2
and aryl may be optionally further substituted by 1 to 3 OR2a, O(CH2)q
aryl, 1 to 2 C(O)OR2a, 1 to 2 C(O)O(CH2)q aryl, 1 to 2
C(O)N(R2a)(R2a), 1 to 2 C(O)N(R2a)(CH2)q aryl, 1 to 5 halogen, 1 to
3 C1-C4 alkyl, 1,2 4-triazolyl, 1-H-tetrazol-5-yl, C(O)NHSO2R 23,

3% S(0)mR2a, CCO)NHS02(CH2)q aryl, SOPNHC=N, SO2NHC(O)R2a,
SO2NHC(O)(CH2)qaryl, N(R2)C(O)NR22)R22),
N(R22)C(O)N(R2a)(CH2)q aryl, N(R22)(R2a), N(R22)C(O)R2a,
N(R2a)C(O)(CH2)q aryl, OC(O)N(R2a)(R2a), OC(O)N(RZa)(CHZ)q
aryl; SO2(CH2)qCONH-(CH2)wNHC(O)R 11, where w is 2-6 and R11

WA




azido or nitro; mis 0, ‘1 or 2; nis 1 or 2 g can

optionaf¥ly be 0, 1, 2, 3, or 4; and G H | and J are carbon,
nitrogen, sulfur or oxygen atoms, such that atl east one is a
het er oat om and —GHe of -G—H-t—or J may be optionally m ssing to afford

5 or 6 nenber ﬁ% lie agomatic rings; | and pharmaceutically

acceptable sal | di astereoners t her eof .

: Acorrpound Fch is: [err] 30 where

R[err] S C[err] aryl (C[er C[err] al kyl), Cerpl- r]
r] C[err] al kyl ), Trr]-Cerr] Ié!;%

cycl oal kyl (der
rr] atkyl), aryI(C[err] Cerr]al kyl) -
yI

alkyl)-K-(Jerr]-Ce
K-(Cerr]-Cerr] alk ) (C[err] Cerr]cycl-oalkyl)((err]-Cerr]

"o et 1]~ i?"ia sk onpryl SRpb vy, Lor A PRE (D balogemy,

al kyl groups l‘nﬂﬂmer substltut ed by 1 to7 hal ogen,
-138- m1sO 1or2;

nis1or2;

> g can optionally be 0, 1, 2, 3, or 4; and
G, H, I and J are carbon, nitrogen, sulfur or oxygen atoms, such that
atleast one 1is a heteroatom and one of G, H, I or J may be optionally
missing to afford 5 or 6 membered heterocyclic aromatic rings;
1o and pharmaceutically acceptable salts and individual diastereomers
thereof.
2. A compound of Claim 1 which is:
1 - R
Ry—~C-N-C—A—N,
11 R
e} 5
¢=0
20 Q
§ F
AN
\ﬁ\/ﬁaa
25 /\,/z'

Formula Il

3% where R1 is C1-C10 alkyl, aryl (C1-C4 alkyl), C3-Cg cycloalkyl
(C1-C4 alkyl), (C1-C4 alkyD-K-(C1-C4 alkyl), aryl(Co-Csalkyl)-
K~(C1-C4 alkyl), (C3-Ccycloalkyl)(Co-Cs alkyl)-K-(C1-CAalkyl)
where K is O, S(O)m, -CR2=CR2- or -C=C~; or N(R2)C(O) where R2
and the alkyl groups may be further substituted by 1 to7 halogen,

LT




S(O)[err]C[err] Cerr]alkyl, ORerr] or C(OOR err] and the aryl groups may
be € further substituted by (Jerr]-Clerr] alkyl, 1.to 2 halogen, 1 to 2

ORlerr], CFlerr], ,CI:Es/n'Erhjll enedi oxy, S(O)[err]R[err]
SQerr]N(R[err])(R['é'rT]) {ageh)SQerr]R[err] or . C(O)OQ[err]; 5
Rlerr] is hydrogerhis al kyl, (err]-Cerr]cycloal kyl, and, if
two Clerr]-Cerr] a & ps are present on one atom they may be
optionally joined t C4- C6 cycllc ring optionally including 1
to 2 heteroatons se ected from oxyg sul fur or NR[err]1 é

Rlerr] is hydrogen or CJerr]-Cferr] al ky Rlerr] and §§ ?I%Ye

I ndependent |y hydrogen, hal ogen, Cerr]- C[err] al kyl , CR[err]
met hyl enedi oxy, nitro, S(OJferr]err]-(err]alkyl, CF[err] or CCOOR[err];

RGP e i e e SR
halo, 1 to 2 @@byé ‘% E[té Egéhi) 2;2“2)@%’2
qerr]-Clerr] OCFg| meth bnSdiaxyLﬂ(@r)niRz:[W(Rmz), ®p)SO2R2 or[err]
where x and ycéj)ci)kagependently 0, 1, 2;

5

R2 is hydrogen, C1-Cg akkyl, C3-C7cycloalkyl, and, if two C1-C¢6 alkyl
groups are present on one atom, they may be optionally joined to form
a C4-Cg cyclic ring optionally including 1 to 2 heteroatoms selected

from oxygen, sulfur or NR2a;
10

R2a is hydrogen or C1-Cg alkyl;

Rja and R3p are independently hydrogen, halogen, C1-C4 alkyl, OR2,

methylenedioxy, nitro, S(O)mC1-C4alkyl, CF3 or C(O)OR2;
15 .

R4 and R5 are independently hydrogen, C1-Cé alkyl, substitated C1-C6
alkyl where the substituents may be 1 to 5 halo, 1 to 2 hydroxy, 1 to 2
C1-Cg alkanoyloxy, 1 to 2 C1-Cg alkyloxy or S(O)m(C1-C4 alkyl);

20 Ails:

Ry
‘ —(CHz)x—(l: —{CHa)y—

25 o R7a
or

Ry
—N(Rg)-{CHy)y "’? —(CHp)y—

R?a

30

where x and y, are independently 0, 1, or 2; -

N ) A




-139 - _, Rlerr] and Rl err] are independently _hydrogen, Cerr]-Cerr]

al kyl , 'substi tut ed Clerr]-Cferr] alkyl where the substituents are from
1 tos3 fluoro or i m dazolyl, PH t Hasj By Thced
S(Olerr]ferr]-Cerr]alkyl C(O)OQ[ and Rlerr] canm

I ndependently be joined to one or b rr] and R[err] groups to 5

form al kyl ene bridges between the temnal nitrogen and the al kyl
portion of the R7 or R7a groups, wherein the bridge contains 1 to 3

carbon atons; B, D and F are indepe ntly C(R[err])(R[er?#? )
S(Omor NR[err] such that one of B, or F may be optiona Ssi ng
to provide a 5 or 6 nmenbered ring and provided that one of B, D and F .
S C(R[-err])(R[err]) or C—Oonly when one of the remaining B, D and F
groups is HhynhpdrogeneC11-C4 alkyl, Rilbstﬂutedld Rlerr]

are inde enden Sl ]l
(CI—|[larr]l)o[err] w ?rgl[—tﬁé ST E ( %ﬁerr err] aryI

(CH err])[err] i ylsmdplyl (Ol 1-Cgalieyl B2 arR7 @nd Rya

bstituted b

glrj i Itouze y?err ii 'S I%i cfﬂw%ﬁ!ferr]%gﬁgli ﬂp§>tdﬁ[e'”]
C(ORerr], !!m;iykp esém}wees@mmdrmrmg' f}ﬂs ¥r])lerr]
aryl, C(O)N(R[ brﬂldﬁlah’qhém';o?@amﬂm Wwhertincthie] bridse boatains 1 to 3 '
1- H-tetrazolyl SO err] C[err]N, SJerr]N(R err]) aryl,

S02N( R2) (R2) aﬁaﬂ?{%af@@riz)q may be optional ly substituted by 1 to 2
Cerr]-Cerr] alkyl and the R err] may be optionally substituted by 1

O NR er g (& f?rﬂ’é@f}ﬁer W&ﬁﬁ@@g @, §0m or NR9

O O NHS ert] RBnch at one b Gptio y[:mssinmprovxde aSor

N O N
NEE[[Z”% gg((ogNgFQerr err']degrmft%%%{)ff?e aranIdFls (é{SO)SRIQ%aFI y
@@@1}% @;F oqleo

substituted by E$r’1§ Clerr] alkyl,

30 QQG?[err]sﬁnukaﬁbdxﬁlI\?@cs&[ rr](CH[err])[err]
CO\IH(CH[err])[er] HC( O err] ere w = 1-6 and Rlerr] may be
bi oti n, l., or aryl substit ut ed by 1 or 2 OR[err], 1-2 hal ogen,

°r oRg and R} are independently hydrogen, R2, OR2, (CH2)q aryl,

(CH2)qC(O)YOR2, (CH2)qC(OYO(CH2)q aryl (CH2)q (IH-tetmzol-S-yl)
and the aryl may be optionally substituted by 1 to 3 halo, 1 to 2 C1-C4
alkyl, 1 to 3 OR2 or 1 to 2 C(O)OR2;

azido or n|

20 R is R, (CH2)q aryl, C(O)R2, C(O)CH2)q aryl, SO2R2, SO2(CH2)q
aryl, C(O)NR2)(R2), C(O)N(R2)(CH2)q aryl, 1-H-tetrazolyl-5-yl,
SO2NHC=N, SO2N(R2) aryl, SO2N(R2)(R2) and the (CH2)q may be
optionally substituted by 1 to 2 C1-C2 alkyl and the R2 may be
optionally substituted by 1 to 2 OR2a, O(CH2)q aryl, 1 to 2 C(O)OR2a,

25 C(O)N(R2a)(R22), S(O)mR2a, 1-H-tetrazol-5-yl, C(O)NHSO2R2a,
C(O)NHSO2(CH2)q aryl, N(R2a)C(O)N(R22)(R2a) or
N(R22)C(O)N(R2a)(CH2)q aryl and the aryl may be optionally
substituted by 1 to 2 OR23, 1 to 2 halogen, 1 to 2 C1-C4 alkyl,

3% C(0)YOR24 or 1-H-tetrazol-5-y}; SO2(CH2)w CONH(CH)w
' NHC(O)R]1, where w = 1-6 and R11 may be biotin, aryl, or aryl
substituted by 1 or 2 OR2, 1-2 halogen, azido or nitro;

T



- 140- mis 0,1, or 2; gis 0, 1, 2 or 3; and the aryl

group i s phenyl, napthyl, pyridyl, thlenyl I ndol yl, thiazolyl or

pyri gidi nyl, _ angihﬂ_phaJnﬂ&ceut ically accept abl e salts and individual

di ast ereoners “"thereof. Réblaced 3. A conpound of Caim 2

where F is not prssdheetHas o Rep L 4. A compound of Claim 3 which is:
|

is Jerr]-(err] alkyl, aryl

E(Ca:{re]rr]-qerr] al k%‘“\‘\m rr]cycl oal kyI (derr]- C[err] al kyl)
K- I
aryl (QLert]-Crert] al kyl)-k (Crert]- ¢ er 4B kyi ) 188991BY

Cerr]-Cferr]cycloalkyl (Cerr]-(err]alkyl)- K(C[err]-C[err]aIkyI), wher e
Kis O or . S(Om and the aryl groups may be further substituted by 1

to 2 Jerr]-Carig03Qo2l2¢yl, 1 to 2 halogen, ORerr], (O ORerr], CFlerr]
or S(O)[err]R[errb1 R’ocr;;RL’?‘é\o] I's hydrogen, (err]-Clerr] alkyl, cyclo
a 1

Cerr] C[err]al@ Cerr]-Cerr] al kyl s are present on
one atom thleI hﬁ@oﬂpw yl,/maptieyl, pyridyl ptienyl, md?bbd,rﬂnﬁ?cdyl prcyclic
ring optiona ffyhﬂﬁ g t et er oat ons oxygen or err

and the pharmaceutically acceptable salts and individual diastereomers

thereof.

3. A compound of Claim 2 where F is not present.

10 4. A compound of Claim 3 which is:
*;’* 1 IR4
Ri—C~N-C—A—N,
0 Rs
15
¢=0
N
. B , N
20 | ' D / \)‘Rab
R3a
v
25

R1 is C1-Cj0 alkyl, aryl (C1-C4 alkyl), C5-Ceceycloalkyl (C1-C4 alkyl)
or (C1-C4 alkyD)-K-C1-C2alkyl-, aryl(Co-C2alkyl)-K-(C1-C2 alkyl),
C3-Ceeycloalkyl (Co-C2alkyl)-K-(C1-Caalkyl), where K is O or
S(O)m, and the aryl groups may be further substituted by 1 to 2 C1-C4
10 alkyl, 1 to 2 halogen, OR2, C(O)OR2, CF3 or S(O)mR2;

R2 is hydrogen, C1-C4 alkyl, cyclo C3-Cgalkyl, and, if two C1-C4
alkyls are present on one atom, they may be optionally joined to form a
C5-Cg cyclic ring optionally including the heteroatoms oxygen or

R D




-141- Rlerr] is hydrogen or (Jerr]-Cferr] alkyl; Rlerr] and
Rlerr] dre |ndepeﬁden%—l—y—hydxogen,__hal ogen, (err]-Cerr] alkyl,

C(ORerr], hydr C[err] al koxy, S(Oferr]Cerr]- C[err] al kyl or
CFlerr]; 5 e are independently hydrogen, Cerr]-Cerr]
al kyl , substltut ed al kyl where the substituents may be 1

to 2 hydroxy or S( -Cerr]alkyl); [err] 15 wherex is
0 or 1; Rl err] and R[err] are i ndependent |y hydrogen, Clerr]-(err]

al kyl; or Rerr] and R err] can i ndependently be joined t bot h
of the Rlerr] and R err] groups to -tldnr al kyl ene bri dges Eggmt

termnal nitrogen and the alkyl 20 portion of the R err] or R err] groups
to form5 or 6 nenbered rings containing the term nal nitrogen;

B and D are in Ciﬁﬂfrb elgbﬂcal' ﬁﬂ],g.rr , GO O S(Oferr], NRerr

provi ded mt%o e o# an -g%an e ]C%R[err])(R[eﬁrig or]C:OREmI y] when
the other of 25 B and Dis OS(O)[err] or NR[err] Rlerr] and R err]
are i ndependenRi34 sndRgpedare ikl denﬂy[lqzyd q;ﬁ%ig Eﬁ[’ i’;lndC'E he |
aryl may be o Su t|t err err

Ayl W@E P mC1 Chiglky! ?f ORerr],

C(O)(CH[er I)[err] aryl, SCIerr]R[err] SO(CH[err])[err] aryl,

(ol er 1) (et 1] @gﬂ%iés ﬁ@%%ﬁ%f%énﬁs‘@%@ébﬁ% o2k S?B%ﬁﬁf%nﬁ Herr)

al kyl and the rwhergythp substituents,mayrbe >t0%b§dmx)t@ﬂ Pm to 2 of

S(0 (et R ot FOVCHERD L0 60310 “A O Nsarerr 1 rern s or
10 T?
Ais: —(CHg)y—C—
R'la

15 Wwherex isOorl;

R7 and R74 are independently hydrogen, C1-C3 alkyl; or R7 and R7a
can independently be Jomed to one or both of the R4 and R5 groups to
form alkylene bridges between the terminal nitrogen and the alkyl

20 portion of the R7 or R7, groups to form 5 or 6 membered rings
containing the terminal nitrogen;

B and D are independently C(Rg)(R10), C=0, O, S(O)m, NRg provided
that one of B and D can be C(R8)(R10) or C=0 only when the other of
25 Band D is O, S(O)y or NRg;

Rg and R0 are independently hydrogen, R2, OR2, (CH2)q aryl, and the
aryl may be optionally substituted by 1 to 2 of halo, 1 to 2 C1-C4 alkyl,
OR2 or 1 to 2 C(O)OR2;

30
Rg is C(O)R2, C(O)(CH2)q aryl, SOZRZ, SO(CH2)q aryl,
C(ON(R2)(R2), C(O)N(Rz)(CHz)q aryl and the (CH2)q may be
optionally substituted by 1 to 2 C1-C2 alkyl and the R2 may be
optionally substituted by 1 to 2 of OR2a, O(CH2)q aryl, C(O)OR2a,
C(ON(R2a(R22), S(O)mR2a, l-H-tetrazol-S-yW

AN VLR LA



-142 «— N(Rerr] ) CCONR err])(Rerr]) and the aryl may optionally be
substigated by 1_to 2 ORerr], 1to 2 halogen, 1 to 2 Cerr]-Cerr]
alky CCOORerr “H———tetrazol - 5- yl or S(Oferr]Rerr];

Rlerr] my 5
substituted by 1t

opt

SQerr](CH[err])[ @ BRG], d)[err]NHC(O)R[err] wherew—26and
op |”’

aryl, and an aryl be optionally
, 1 2 halogen azi do, nitro; mis O,

1 or 2 g can O 1, 2 or 3; aryl is phenyl, napthyl,
pyri dyI i ndolyl, thienyl or tetrazolyl t he phar maceut,i %@b&ﬁ
accept abI e salts and individual diaster rs thereof. 18 Y

A conmpound of Claim 1l having the formula: [err]

- 143-

10

15

20

25

30

Rlerr] is [err]
N(R2a)C(O)N(R2a)(R2a) and the aryl may optionally be substituted by
110 2 OR2g, 1 to 2 halogen, 1 t0 2 Cy -Cz alkyl, C(O)OR2,, 1-H-
tetrazol-S-y1 or S(O)mR2a;
SO2(CH2)qCONH(CH2)wNHC(O)R 11 where w = 2-6 and R11 may
optionally be biotin, aryl, and an aryl be optionally substituted by 1 to 2
OR2, 1-2 halogen, azido, nitro;

mis 0,1 or2;

q can optionally be 0, 1, 2 or 3; :

aryl is phenyl, napthyl, pyridyl, indolyl, thienyl or tetrazolyl and the
pharmaceutically acceptable salts and individual diastereomers thereof.

5. A compound of Claim 1 having the formula:

| RRE L

5. .



RlerrFis H fluoro; Dis O S S(Om NRerr]), NSOerr](Rerr]),
NSCIer@](CH[err])[err]aryI NQ(,Q)(R[err]), NSO err](CH err])[err] OH,

qu rr] (CH ertferr] COOR el err
N-SO err] (CH er @err])(R[err]) 20

I\I—SCIerr](CJ—l[erﬁﬁt“ err])(CHerr])[err]OH [err]
- 144 “H‘m\t‘“ﬂ and the aryl is phenyl or pyridyl and
t he

N phenyl nmay be substltut ed by 1-2 hal ogen;

5 Rlerr] is H derr]-Cerr] alkyl; t is O, gis
1,2, 3; wis 2-6; 10 and the phar rracéﬁg‘:cal | y accept abI e s?@?ng

I ndi vi dual di astereoners t her eof . . A conpound of
Claim1 which is: N[LI(R-((1

, 2- Di hydr o- 1- net Rarigsul fonyl spi ro[ 3Hi ndol e-3,4 ' - 15 piperidin]-

1 -yl)carbonyl] - i ndol - 3-yl ) et ] -2-am no- 2- pr opanam de;
@“CHchzs CHZCHZCHZ,n@—CHZOCHa.

F

QCHzocHz,
\ .

N CHZCHQCHZ,

F—@—CHchchg;

R33 is H, fluoro;

Dis O, S, S(O)m, N(R2), NSO2(R2), NSO2(CH2)taryl, NC(O)R2),

NS02(CH2)qOH, NSO2(CH2)¢COOR2, N-S02(CH2)qC(0)}-N(R2)(R2),
20 N-S02(CH2)qC(0)-NR2)(CH2)wOH,

5 CH, F

Tz i

15

Q
| s
N-SO(CH)COMNRICH ™ '
)5 HN\[rNH
0
o OH
30 N-SOACHZCOMNR(CHow —N N,

T



N[1(R~[(1 ,2-D hydro-1-net hanecar bonyl spiro[ 3H i ndol e- 3, 4' -
pi periarn]- 1 '-yl)ecarbenyH-—2-(1-Hindol-3-yl)ethyl]-2-am no-2-nethyl- 20

propgnamn de; , -[L1 :

, 2- Di hydr o- 1- ben ee’igﬁ lac'e(()l[ 3H i ndol e-3,4' - : piperidin]- 1
'-yl)carbonyl]-2- - %ﬁ L) et hyl ] - 2-am no- 2- net hyl - pr opanam de;
25 N[ 1 (R - -spiro[2H 1

-benzopyran-2,4' -piperidin]-1"-yl) carbonyl]-2-(1 _
H i-ndol - 3-yl ) et hyl ] - 2- am no- 2- et hyl prop m de; N 1( R)l-éég?g-rﬁc&gtyl -1
, 2, 3,4-tetrahydrospiro[isoquinolin-4,4" =gi*peridin]- 30

1'-yl)carbonyl]-2-(indol-3-yl)ethyl]-2-am no-2-nethyl - propanam de;
N[l (R-[(1 ,2-Dihydro-1 -nethanesul fonyl spiro[3Hindole-3,4"-
pi peridin]-1"-yl) carbonyl)-2- (NWhRRYy! net hyl oxy) et hyl ] - 2- am no- 2-

met hyl pr opanami degN‘SOZ(CHf)q‘_{&aé and the aryl is ph or pyridyl and the - 145 -
N-[1 (R-[(L ,2-Dihydre- T% mebhahe p "w :
pi E)eri(di) n][ EI ‘oyl) cér bonyl ] - 2- ¢bh n?ﬂ%%%%s@i%ﬁ - -aﬁgrsba-%h-en’ |

met hyl pr opanam de rre%I ate salt s

N-[1(R) - [ (4, 2-Reny#.C1-CGalkabesul f onyl spi ro[ 3H i ndol e- 3, 4' - pi peri di n-
1 '-yl)car onyﬁl]___-__Ql- (22' , 6' -di fl uorophenyl net hyl oxy) et hyl] -2-

am no- 2- et hyl'pr opanamn de; N[ 1 (R-[(1,2-D hydro- 1

- met hanesul for@l?éifhﬂir ospiro[3Hindol e-3,4'- 10 piperidin]- 1

' -yl)carbonyl]g g5 §phesy! met hyl oxy) et hyl ] - 2- ani no- 2- met hyl pr opanani de;

N[L(S)-[(1 ,2=Dx %g‘ro-l - met hanesul f onyl spi ro[ 3Hi ndol e- 3, 4' -
pi peridi n]-1' -%11$ <87 bonyl ] - 2- (phenyl net hyl t hi 0) et hyl ] - 2- ani no- 2-
met hyl pr opgparnimtithe pharmaceutically acceptable salts and individual diastereomers

thereof.

6. A compound of Claim 1 which is:
N-[1(R)-[(1,2-Dihydro-1-methanesulfonylspiro{3H-indole-3,4'-
15 piperidin]-1'-yDcarbonyl}-2-(1H-indol-3-yl)ethyl}-2-amino-2-methyl-
propanamide; ' _

N-[1(R)-{(1,2-Dihydro-{-methanecarbonylspiro[3H-indole-3,4'- |
piperidin}-1'-yl)carbonyl]-2-(1 H-indol-3-yDethyl]-2-amino-2-methyl-
20 Propanamide; :

N-[1(R)-[(1,2-Dihydro-1-benzenesulfonylspiro{3H-indole-3,4'-
piperidin]-1'-yDcarbony{]-2-(1H-indol-3-yDethyl]-2-amino-2-methyl-
propanamide;

25 |
N-[1(R)-[(3,4-Dihydro-spiro[2H-1-benzopyran-2,4'-piperidin]-1'-y1)
carbonyl]-2-(1H-indol-3-yl)ethyl]-2-amino-2-methylpropanamide;

N-[1(R)-{(2-Acetyl-1,2,3 4-tetrahydrospirofisoquinolin-4,4"-piperidin]-
30 1'-yl)carbonyl]-2-(indol-3—yl)eﬂ1yl]-24amino-2-methyl-propanamide;

N-[1(R)-{(1,2-Dihydro-1-methanesulfonylspiro[3H-indole-3,4'-
piperidin]-1'-y1) carbonyl]-2-(phenylmethyloxy)ethyl]-2-amino-2-
methylpropanamide; |

R



N-1(R.[ (1, 2- D hydro- 1-nethanesul fonyl spiro[3Hindole-3,4'-
pi perigi nj-1'-yl) ca,Lban;Ll_L 3_phen¥l_p4;opyl ]-2-am no-2-net hyl - 20

pr opanani de; N[ 1( - Di hydro

1- mét hanesul fonyl spl pi penidin]- 1

-yl ) carbonyl ] - cycl 2- am no- 2- et hyl - pr opanam de; or
25 N[1(R)-[(1,2-Dh sul fonyl spi ro[ 3Hi ndol e- 3, 4" -

pi peridin]-1' yI ) car bonyl ]-4- phenyl butyl ] - 2- am no- 2- net hyl -

pr opanani de;

N[1(R-[(1,2- D| hydr o- 1- met hanesul f onyl sp#bof 3Hi ndol e- 3, 4' - 18899IBY
pi peridin]-1"-yl) carbonyl]-2-(5-fluoro-1Hindol - 3- yI)ethyI] 2-am no- 2-
met hyl pr opananm de - 146 -

B A R TR
Tt et Ao b
(yl )eca(r))l;gﬁslr] gﬁ%ﬂw é(m?%ﬂ@ﬁyﬂ 2- am no- e S- m’st hyP:oPgF):an;nm] de

N-[1(R) - [(1 , 2- Di'hydr o- 1, 1di oxospi ro[ 3H benzoth| ophene-3,4'- 10

ﬁ{eltoﬁr: dlr(r;] aﬁam OPIQRDLIQP Dﬂy%z%??ﬂﬁ%ﬁhﬁﬂﬂ ac e&PHﬁnﬂoieﬂﬁﬂ- .of 15 -
P O R Figinln <Y a2 el Rt ey Aoty By Jork B89 - 15
ammo-z-methylpropanannde

N-{1(R)-[(1,2-Dihydro-1-methanesulfonyl5-fluorospiro[3H-indole-3,4"-
piperidin]-1'-yl)carbonyl]-2-(phenylmethyloxy)ethyl]-2-amino-2-
methylpropanamide;

- 10

N-[1(S)-[(1,2-Dihydro-1-methanesulfonylspiro[ 3H-indole-3,4'-
piperidin]-1'-yl) carbonyl]-2-(phenylmethylthio)ethyl]-2-amino-2-
15 methylpropanamide;
N-1(R)-[(1,2-Dihydro-1-methanesulfonylspiro{3H-indole-3.4'-
piperidin]-1'-yl) carbonyl}-3-phenylpropyl}-2-amino-2-methyl-
propanamide;
20
N-{1(R)-[(1,2-Dihydro-1-methanesulfonylspiro[3H-indole-3,4'-
piperidin}-1'-yl)carbonyl}-3-cyclohexylpropyl]-2-amino-2-methyl-
propanamide; or
2% N-{1(R)-{(1,2-Dihydro-1-methanesulfonylspiro[3H-indole-3,4"
piperidin]-1'-yl) carbonyl]—4—phenylbutyl]-2- amino-2-methyl-
propanamide;

N-[l(R)-[(l ,2-Dihydro-1-methanesulfonylspiro[3H-indole-3.4'-
piperidin]-1'-yl) carbonyl]-Z—(S-ﬂuoro—1H-mdol-3-yl)ethyl]—Z—ammo-Z-
methylpropanamide

30

/

L



30 and where Rlerr], Rerr], Rerr], Rerr], Rerr], Rerr], Rerr], A B,

D, E aad F are as deflnedln Caiml
- 147 - . A process for the preparat|on of a compound of
Claim1 which co SheanﬁaedR conpound having a fornula: [err]

T

146 - 188991BY

N-{1(R)-[(1 ,2-Dihydro—l-methanesulfonylS-ﬂuprospiro[3H—-indole-3 4
piperidin]-l’-yl)carbonyl]-Z—(S—ﬂuoro—-lH-indol-S-yl)ethyl] -2-amino-2-
methylpropanamide

3 N~[1(R)-[(1,2—Dihydro-1-(2-ethoxycarbonyl)methylsulfonylspifo—[3H-
indole—3,4'-pipeﬁdin]-1’-yl)carbonyl]-Z—(1H—indol-3—y_l)ethy1]—2-amino—
2-methylpropanamide

N-[1(R)-[(1,2-Dihydro-1,1dioxospiro[3H-benzothiophene-3,4"-
piperidin]- 1—yl)carbonyl]-2-(phenylmethyloxy)ethyl]-2-ammo-—2-
methylpropanamide

and pharmaceutically acceptable salts thereof.

154, The compounds of Claim 1 which are

R, o

-
-
-

/R4

R,-C—=N-C-A-N
! ‘ f N
o

: R
25 D\. *-/ %
2

30 and where R1, R2, R3a, R3b, R4, R5,R6, A, B, D,E and F
are as defined in Claim 1. '

Rs

AT



wi th a «onmpound having the formul a

20 [err] 25 where Rerr],

Rlerr],#Rerr], Rerr], Rerr], Rerr], Rerr], A B D E F F G H I,
J ang n are as Er—fTTTE'd‘“I—ﬁ‘GLQAm 1 and L is a protecting group which
S subsequermhksmgegqggﬁgeg esent and salts are fornmed if desired.

30

of Clalmlvvmch
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rocess for the preparation of a conpound
”H#} cting a conpound having a fornmula: [err]

- 147 - 18899IBY

8. A process for the preparation of a compound of
Claim 1 which comprises reacting a compound having a formula:

Tz '?5 9 'l?s
R1TN-H Rr—N: -H
co . co
N |
\ or Nﬁ .
~»{CHg)y | E<(CH2),, _
B R B” F
D, D G
4 0 H
NS
| v
Rsp Rap
4 4a
with a compound having the formula
R
HOOC-A-NS HOOC-A-NS T4
Rs or L

where R1, R2, R3, R3b, R4, R5,R6, A, B, D, E, F, G, H, L, Jandn
are as defined in Claim 1 and L is a protecting group which is
subsequently removed if present and salts are formed if desired.

A



15 wi th a conmpound having the fornula [err] where R err], Rerr],

RlerrlA Rerr], Rerr], Rerr], "Rlerr], A B D E F G H I, Jandn
are .as deflnedqh@s&}ﬁhykénﬁ is a protecting group which is
subsequently re and salts are formed if desired. 25

10. The use of qmgﬂﬂuu@’ﬂ aim1l for the manuf acture of a

medi canent for i Is -of endogenous growth hornone in a
human or an ani mal . 11. A conposition useful for

i ncreasing the endogenous productlo rel ease of growth in a
human or an ani mal whi ch conpri ses gkﬁgﬁert carrier and aﬁggégﬁgg]
anount of a conpound of Caim 1.

149 12. A conposition useful for increasing the

endogenous pr oduction 9. A processeforathe préparatisnhofian m{d@fhuman or

an ani mal ctive amount
of a corrpound o? ?:; alm hﬁfﬁ@g&ﬁ?ﬁ m# cgﬂﬁﬂ)gﬁ]ﬂa\ﬁﬂgﬁ ) J.l ?gr growt h

hor nrone secret agogues such as GHRP-6, GHRP-1, GHRP-2, . growt h
hor none rel easing factor (GRF), one of its analogs or 1G~-1 or |IG--2.
13. A cenposition for the treatnment of osteHporosis which conprises
H \
N
. Cdn
. ? R G'Xﬂsa
\
10 D\E / \ R3a
_|_ J'llq-
R 3b
2 2a

15 with a compound having the formula

R, TB o R RaBsQ Ry
R—~N-C-A-N-Rg OR Ry ~N-C-A-N-L
COOH ' - COOH
20 12 12a

where Rl’ R2: RSa’ R3bs R41 RS: R6s Ay B9 D’ E9 Fs G: H: Is Jandn
are as defined in Claim 1 and L is a protecting group which is
subsequently removed if present and salts are formed if desired.

25
10. The use of a compound of Claim 1 for the
manufacture of a medicament for increasing levels of
endogenous growth hormone in a human or an animal.
30

11. A composition useful for increasing the endogenous
production or release of growth hormone in a human or an animal
which comprises an inert carrier and an effective amount of a
compound of Claim 1.

A 0 U



an'inert carrier, a bisphosphonate conpound and a conpound of Claim1. 10
14. <ghe conposrrren QL‘CIa|n1 13 wher e t he bi sphosphonat e

conmpound is alenﬁﬁgﬁgte \\\\\

T

- 149 - 18899IBY

12. A composition useful for increasing the endogenous
production or release of growth hormone in a human or an animal
which comprises an inert carrier and an effective amount of a
compound of Claim I used in combination with other growth hormone

3 secretagogues such as GHRP-6, GHRP-1, GHRP-2, growth hormone
releasing factor (GRF), one of its analogs or IGF-1 or IGF-2.

13. The use of a bisphosphonate compound in
combination with a compound of Claim 1 for the
1o ®Manufacture of a medicament for the treatment of
osteoporosis.

_ 14. The use as claimed in Claim 13 wherein the
bisphosphonate compound is alendronate.

15 15. A composition for the treatment of osteoporosis

which comprises an inert carrier, a bisphosphonate compound and a
compound of Claim 1.

16. ‘The composition of Claim 15 where the

20 bisphosphonate compound is alendronate.

25

30
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