CYCLOPROPYL- FUSED PYRRCLI DI NE- BASED | NHI BI TORS OF DI PEPTI DYL PEPTI DASE |V
AND METHOD 5 The present invention relates to cycl opropyl -fused
pyrrolidine-based inhibitors of dipeptidyl peptidase IV (DP-4), and to a
met hod for treating diabetes, especially Type Il diabetes, as well as
hypergl ycem a, Syndrone X, diabetic conplications, hyperinsulinem a,
obesity, 10 atherosclerosis and rel ated di seases, as well as various

i mrunonodul atory di seases and chronic inflammatory bowel disease,

enpl oyi ng such cycl opropyl -fused pyrrolidines alone or in conbination with
anot her type anti dicabebbropvgenteanefiolobhrE-EAgy® tREISP®KS oragent. 15
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15
Depeptidyl peptidase IV (DP-4) is a membrane bound
non-classical serine aminodipeptidase which is located in
a variety of tissues (intestine, liver, lung, kidney)} as
well as on circulating T-lymphocytes (where the enzyme is

20 known as CD-26). It is responsible for the metabolic
cleavage of certain endogenous peptides (GLP-1(7-36),
glucagon) in vivo and has demonstrated proteolytic
activity against a variety of other peptides (GHRH, NPY,
GLP-2, VIP) in vitro.

25

GLP-1(7-36) is a 29 amino-acid peptide derived by
post-translational processing of proglucagon in the small
intestine. GLP-1(7-36) has multiple actions in vivo
including the stimulation of insulin secretion,

30 inhibition of glucagon secretion, the promotion of
satiety, and the slowing of gastric emptying. Based on
its physiological profile, the actions of GLP-1(7-36} are
expected to be beneficial in the prevention and treatment
of type II diabetes and potentially obesity. To support



of type Il diabetes and potentially obesity. To support - 1 this claim
exogenous adm nistration of GP-1(7-36) (continuous infusion) in diabetic
patients has denonstrated efficacy in this patient popul ation.
Unfortunately GLP-1(7-36) is degraded rapidly in vivo and 5 has been shown
to have a short half-life in vivo (tl/2~1.5 mn). Based on a study of
genetically bred DP- 4 KO mce and on in vivo/in vitro studies with
selective DP-4 inhibitors, DP-4 has been shown to be the primary
degradi ng enzyne of G.P-1(7-36) in vivo. GP-1(7-36) is 10 degraded by DP-4
efficiently to GP-1(9-36), which has been specul ated to act as a

physi ol ogi cal aﬂhag@ﬁasm,tQﬂoqgﬂphi(éﬂmyﬁﬁstThUEP“|0nh§th1€ﬂT%ﬁ* DP-4 in vivo
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degrading enzyme of GLP-1(7-36) in vivo. GLP- 1{7-36) 1is

10  degraded by DP-4 efficiently to GLP-1(9-36), which has
been speculated to act as a physiological antagonist to
GLP-1{7-36). Thus, inhibition of DP-4 in vivo should
potentiate endogenous levels of GLP-1(7-36) and attenuate
formation of its antagonist GLE-1{9-36) and thus serve to

15 ameliorate the diabetic condition.

In accordance with the present invention,
cyclopropyl-fused pyrrolidine-based compounds are
provided which inhibit DP-4 and have the structure
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wherein % is 0 or 1 and y is 0 or 1 (provided that
¢ and
1)
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X 0 when y
n is 0 or 1;
X is H;
R!, R?, R® and R® are the same or different and are
independently selected from H, alkyl, alkenyl, alkynyl,
30 cycloalkyl, cycloalkylalkyil, bicycloalkyl, tricycloalkyl,
alkylcycloalkyl, hydroxyalkyl, hydroxyalkylcycloalkyl,
hydroxycycloalkyl, hydroxybicycloalkyl,
hydroxytricycloalkyl, bicycloalkylalkyl, alkylthioalkyl,



al kyl cycl oal kyl , hydroxyal kyl, hydroxyal kyl cycl oal kyl, hydroxycycl oal kyl,
hydr oxybi cycl oal kyl , hydroxytricycl oal kyl, bicycloal kyl al kyl

al kyl t hi oal kyl, 2 aryl al kylthi oal kyl, cycl oal kenyl, aryl, aral kyl,

het eroaryl, heteroaryl al kyl, cycl oheteroal kyl and cycl oheteroal kyl al kyl,

all optionally substituted through avail able carbon atons with 1, 2, 3, 4
or 5 groups 5 selected from hydrogen, halo,. alkyl, polyhal oal kyl,

al koxy, hal oal koxy, pol yhal oal koxy, al koxycarbonyl, al kenyl, al kynyl,
cyc: Oﬁ' kyl, f)lécallmlamlkabkydalky}@ﬁl ygardaqatbkyh fetier aas yk @i noI kalryl ani no,
cycl ohet er oal ky) ygloheteroa r al ky nitro,
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R and R3 may o@kkwdlflyllb@xlakéwrd@@?émier CV61°&230€W16MY1(CR5R')m where m
is 2 to 6, and 51 and1Baliye, &ﬁ@er&é&&ﬂdﬁindififyxaminand are independently

sel ected from %%?% &#ﬁyﬁy oa§k¥Y+lkf¥ ke M* fﬂ kynyl ,
cycl oal kyl , cyc ylafg cyc% keny i heteroaryl
het er oar yl alky! YQSRﬂMBﬁEY r GHIEPL CQ@FQnﬂ%81n8n1?HPSt§§HE? 13/ ani no,
cycl ohet er oal kyémmﬂmlnoalmmlbmmyd:amm;L aaykyathonyl am no,
al koxycar bonyl agj i0,ca3E¥hPXY GRAONY REQrbonyl, aminocarbonyl,
alkynylaminocarbonyl, alkylaminocarbonyl,
alkenylaminocarbonyl, alkylcarbonyloxy,
15 alkylcarbonylamino, arylcarbonylamino,
alkylsulfonylamino, alkylaminocarbonylamino,
alkoxycarbonylamino, alkylsulfonyl, aminosulfonyl,
alkylsulfinyl, sulfonamido or sulfonyl;
and R' and R’ may opticnally be taken together to
20 form - (CR°R®),- where m is 2 to 6, and R® and R® are the
same or different and are independently selected from
hydroxy, alkoxy, cyano, H, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl, cycloalkenyl, arvl,
arylalkyl, hetercaryl, hetercarylalkyl, cycloheteroalkyl,
25 halo, amino, substituted amino, cycloheterocalkylalkyl,
alkylcarbonylamino, arylcarbonylamino,
alkoxycarbonylamino, aryloxycarbonylamine,
alkoxycarbonyl, aryloxycarbonyl, or
alkylaminocarbonylamino, or R' and R' may optionally be
30 taken together to form -(CR'R’),- where p is 2 to &, and R’
and R® are the same or different and are independently
selected from hydroxy, alkoxy, cyano, H, alkyl, alkenyl,
alkynyl, cycloalkyl, cyclealkylalkyl, cycloalkenyl, aryl,
arylalkyl, heteroaryl, heterocarylalkyl, cycloheteroalkyl,
35 halo, amino, substituted amino, cyclohetercalkylalkyl,
alkylcarbonylamino, arylcarbonylamino,

alkoxycarbonylamino, aryloxycarbonylamino,



al koxycar bonyl, aryl oxycarbonyl, or al kyl am nocarbonyl am no, or Rl and R
may optionally be 30 taken together to form-(CR R )p- where pis 2 to 6,
and R and RB are the sane or different and are independently selected
from hydroxy, al koxy, cyano, H, alkyl, alkenyl, alkynyl, cycloalkyl,

cycl oal kyl al kyl , cycl oal kenyl, aryl, arylalkyl, heteroaryl,
het eroaryl al kyl , cycl oheteroal kyl, 35 halo, am no, substituted am no,
cycl ohet er oal kyl al kyl , al kyl car bonyl am no, aryl carbonyl am no,

al koxycar bonyl am no, aryl oxycarbonyl am no, 3 4- al koxycarbonyl,

aryl oxycar bonyl, or al kyl am nocar bonyl am no, or optionally R1L and R3
together 5 with R forma 5 to 7 nenbered ring containing a total of 2 to
4 heteroatoms selected fromN, 0, 5 SO -br S®; HH or optionally R and
R3 together with Ron forma 4 to 10 8 nenbered cycl oheteroal kyl ring

wherein the cycloheteroal kyl ring has an optional aryl ring fused thereto
or an optionaﬁﬁgox¥%§g%°ﬂ%§b§Fé%°%V%¥88T£&lOFing fused thereto; with the

provi so t hat whépkaniosadhonylbsing, prispocandlome amf RR cardnB2 is H and
the other is alkyl, then R3 is other than 15 pyridyl or substituted
pyridyl; and inchQLi pharmaceutically acceptable salts thereof, and
prodrug esters thereofisand all stereoisoners thereof. Thus, the conpounds

of formula 3 efichhe inwenti esrd RCkuds 7 hbBgodQld QVANGSkEUSIAY @Stefhill A R3 R2
R R

cf 2 to 4 hetercatoms selected from N, O, 3, 350, or 3S0;;

or optionally R' and R® together with R form a 4 to
10 8 membered cycloheteroalkyl ring wherein the cyclcheteroalkyl
ring has an optional aryl ring fused thereto or an optional 3
to 7 membered cycloalkyl ring fused thereto;
with the proviso that where X is 1, y is o, n is o and one
of R' and B? is H and the other is alkyl, then R? is other than
15 pyridyl or substituted pyridyl;
and including pharmaceutically acceptable salts thereof,
and prodrug esters therecf, and all stereolisomers thereof.
Thus, the compeunds of fermula I of the invention include

the following structures
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According to alternative embodiments, the group X may
include a CN group. These embodiments are also described

herein, but are not considered to form part of the invention of



HROXx 251 BR3 RR2ZRRH R4 x 30 According to alternative enbodi nents,
the group X may include a CN group. These enbodi nents are al so descri bed
herein, but are not considered to formpart of the invention of -4A- this
di visional application. In addition, in accordance with the present
invention, a nethod is provided for treating di abetes, especially Type |
di abetes, as well as inpaired glucose honeostasis, inpaired 5 glucose
tolerance, infertility, polycystic ovary syndrone, growh disorders,
frailty, arthritis, allograft rejection in transplantation, autoinmune

di seases (such as scleroderma and nultiple sclerosis), various

i mmunonodul at ory di seases (such as |upus erythematosis or psoriasis),

Al DS, intestinal diseases (such as necr®tizing enteritis, mcrovillus

i ncl usi on di sease or celiac disease), 5 inflammatory bowel syndrone;
chenot her apy-i nduced intestinal nucosal atrophy or injury, anorexia
nervosa, ostEopbrogisiongdnaprineaxiodlysmet abol i ¢ syndrone, diabetic

conpli cations, hyperkasididaenism,acebesidads wathamesgteins snvand ohel at ed

di seases, as well .as_inflammtory, bowel 10.disease(such ohn: s di sease
and ut cer at; VESE £ oot RE B« B R B 1 A Bt VIePRnbnt of =
conpound of dizesear ead wewhiah imphitrd s1BPr=f) hpsegmi@isnEstiemadre® a  hunman
patient insnegtiQfset keAIMAL,; HRe-condivtions,. di seasgs, anthimpkLadies

col l ectively . . o ) )
groewth disorders, frailty, arthritis, allocgraft rejectiocn in

transplantation, autoimmune diseases {such as scleroderma and



15 referenced to as "Syndrone X' or Metabolic Syndrone are detailed in
Johannsson J. din. Endocrinol. Metab., 92, 727-734 (1997). In addition,
in accordance with the present invention, a nmethod is provided for
treating diabetes and 20 rel ated di seases as defi ned above and hereinafter
as well as any of the other disease states nentioned above, wherein a
therapeutically effective amount of a conbination of a conpound of
structure I and one, two, three or nore of other types of antidiabetic

agent (s) 25 (mhhp&hmysbeeecsmmyedat:@o&gela&nudba@&imo&pddwé@ée@ di seases)
and/ or one, two, &)&h thr (f{e g% é%&%e%@gé éyol}efjfg graggﬁ_ﬁgl C agent(s) S

adm nistered to a e'term "di abet es
and rel ated di é‘é‘é%‘%rsmarlefiéF%a%e@ (syclrype chrHFébé‘i%sent?ybE“F di abet es,
i mpai red gl ucosécrawdlduanteslwbesi tysedgpenglyteat alis8undr one X,

dysmet abol i ¢ SYREI QiR odiab8kd 1€ s@%@bh&atd&%theﬂé/@@hég%ac syndrome, and
hyperi nsul i nem a. The a(iondl ti les collectively 35

ses
referred to as "df abetic conp icatrFBIr%%"ol nélljuag ne?reﬁ%ﬁaflﬁf/ “Sfeur opat hy
and nephr opat h??twr@ﬁhér Wmecﬁnpﬁywtla@ﬁél@fsmda“@@f—‘esdlEQDE‘fllh?e term
"ot her type(s)c@rﬁphhgrtaaﬁutilcy;&gaﬂbﬁh@@nlaerrabeye@ herekeRosel&fssilsO one or

nore antdi abetg AGENLS af QLN than. LR asnml?i ol Lgpmla 1), one or

nor e antl-obe5|ty agent's, one, Ofr nore ating 5 agents
(i ncl udi ng'@nt 131%?ﬁ%r‘@é‘&be?%sqré’hé‘gén‘f‘%ﬁeaﬁfnéf’er“ %téﬁ’errﬁ?%“i’rﬁ‘ ertility
agents, one orvwhareiragentsrdmrutiicrédyi aff ealiyeystowitowdr 3 symehnore, one or

nmore agents of structure I (which inhibits DP 4) is administered to a
human patient in need of treatment.
The conditiong, diseases, and maladies collectively

15 referenced to as “"Syndrome X* or Metabolic Syndrome are
detailed in Johannsson J. Clin. Endocrinol. Metab., 82,
727-734 {1997).

In addition, in accorddnce with the present
invention, a method is provided for treating diabetes and

20 related diseases as defined above and hereinafter as well
as any of the other disease states mentioned above,
wherein a therapeuticaliy effective amount of a
combination of a compound of structure I and one, Lwo,
three or more of other types of antidiabetic agent (s}

25 {which may be employed to treat diabetes and related
diseases) and/or one, two or three or more other types of
therapeutic agent{s) is administered tc a human patient
in need of treatment.

The term “diabetes and related diseases” refers to

30 Type II diabetes, Type I diabetes, impaired glucose
tolerance, obesity, hyperglycemia, Syndrome X,
dysmetabolic syndrome, diabetic complications,
dysmetabolic syndrome, and hyperinsulinemia.

The conditions, diseases and maladies collectively

35 referred to as “diabetic complications” include
retinopathy, neuropathy and nephropathy, and other known

complications of diabetes.




for treating growh disorders, one or nore agents for treating frailty,
one or nore agents for treating 10 arthritis, one or nore agents for
preventing allograft rejection in transplantation, one or nore agents for
treati ng autoi mune di seases, one or nore anti-AlDS agents, one or nore
anti-osteoporosis agents, one or nore agents for treating inmmunonodul atory
di seases, one or 15 nore agents for treating chronic inflammtory bowel

di sease or syndronme and/or one or nore agents for treating anorexia

nervosa. The term "lipjd-ymgul @Ehé&g t%%qu ap ﬁ{&‘ag}éﬁglc hefegln-rgiers to
agents which | ower Og% and/ or %u se triglycerides
I

.
and/ or |ower tdta’* St o et e/ S “BEneF Wnﬁége T SSifs 2GBTS
t her apeut i cal Lylatheat Finap IDR4 dnblibigrader ©f Earmbe dhovensetthodseof the

i'nvention, the arﬁiQ'TBBélQﬂ:}Ofag%hEEQtéﬂcF/dr Whtl obanaphoyed-ndma seehght 25
ratio to the afkfde%ébgﬁ%lnlfﬁwgt ﬁﬁ’él rro%)éP?rcgékeJ %ggHE%F %%9%& (dependi ng

upon its node of oper range from to about
500: 1, preferaliif PFoﬁ?reab‘d’tﬁerelil"iY t%ﬁeélﬁéutoﬁ@@rlmoﬁﬁr%g?ﬂ@f éP&bly from
about 0.2:1 tcmbhoihglfslycy3@iPretery egndrenconpeupdsmofe fagremika | wherein

R is Hor al kﬁen Béa&isn ﬂbkxldlﬂQE%l k¥1lle cp.cl %Q'leo é‘ﬂ/ds for
tricycl oal kyl, al k)é .Il’oal k hydr ox tI’IC cl oal kyl ,
k%f 1H§d

hydr oxycycl oal cyRPoaT% Ore ggﬂ’%ﬁ ?/‘T”E: oalkyl, R is H
or 35 al kyli0n drghgitie| yr@\lorxmose Gasnts &od qu@n@mg allogafhpst
preferred are pregketied nompausgsamfadidn)ubie lor more agents for

treating autoimmune diseases, one or more anti-AIDS
agents, cne or more anti-osteopeorosis agents, one or more
agents for treating immunomodulatory diseases, one or

I5 more agents for treating chronic inflammatory bowel
disease or syndrome and/or one or more agents for
treating ancrexia nervesa.

The term “lipid-modulating” agent as employed
herein refers to agents which lower LDI, and/or raise HDL

20  and/or lower triglycerides and/or lower total cholestercl
and/or other known mechanisms for therapeutically
treating lipid disorders.

In the apove methods of the invention, ths
compound of structure I will be employed in a weight

25 ratio to the antidiabetic agent or other type therapeutic
agent (depending upon its mode of operation} within the
range from about 0.01:1 to about 500:1, preferably from
about 0.1:1 to about 100:1, more preferably from about
0.2:1 to about 10:1.

30 Preferred are compounds of formula I wherein R’ is
H or alkyl, R' is H, alkyl, cycloalkyl, bicycloalkyl,
tricycloalkyl, alkylcycloalkyl, hydroxyalkyl,
hydroxytricyclealkyl, hydroxycycloalkyl,
hydroxybicycioalkyl, or hydroxyalkylcycloalkyl, R® is H or

35 alkyl, nis 0, X is CN, x is 0 or 1 and ¥ is 0 or 1.



I as described above where X is LN or -4cN and/or wherein the fused

cycl opropyl group is identified as 17 . 5 Thus, preferred conpounds of
formula | of the invention will include the moiety: )Y CN\~1 /NY to X
or )y OCN Particularly preferred are the foll ow ng conmpounds: 15 A) 1 5 S
R SNZ3 NZNS S OCN 1S, 2(25),3S,55 wherein R is alkyl, cycloal kyl,
bi cycl oal kyl, tricycloal kyl, al kyl cycl oal kyl, hydroexyal kyl, 20

hydr oxycycl oal kyi, hydroxyal kyl cycl oal kyl, hydroxybi cycl oal kyl or
hydroxytricycl oal Kyl mos? pBRfd¥red WY H pRefier¥ed dompounds of formula

I as described above where X isg CN or -—=sCH

L

and/or wherein the fused cyclopropyl group is

identified as i .

5 Thus, preferred compounds of formula I of the
invention will include the moiety:

10 X

or

15

[15,2(28),3S8,58])
wherein R' is alkyl, cycloalkyl, bicycloalkyl,

tricycloalikyl, alkylcycloalkyl, hydroxzyalkyl,
20 hydroxycycloalkyl, hydroxyalkylcycloalkyl,
hydroxybicycloalkyl or hydroxytricycloalkyl:

]
~1
1



H2 SSZR~~B O (1R 2S,3(25),5S) wherein R1 is alkyl, cycloal kyl,

bi cycl oal kyl, tricycloal kyl, hydroxybicycl oal kyl, hydroxytricycl oal kyl, 5
al kyl cycl oal kyl, hydroxyal kyl, hydroxycycl oal kyl or . hydroxyal kyl cycl oal kyl
as well as the following: CNHONCNHN NN2 OHzZN o Nc, F HOIN HZN N
HZN NHZN N Y AHZN NC O CN, O, OO 10 NCNC and HO"N N OCN 15
Conmpounds of the structure | may be generated by the nmethods as shown in
the follow ng reaction schemes and the description thereof. Referring to
Reaction Schene 1, conpound 1, where PGl is g qanmon am ne protecting
group such as Boc, Cbz, 20 or PMOC ang: X i CO2R9 as set out bel ow,
may be generated by nethods as descri bdd he«gln‘lr in the literature (for
exanpl e see Sagnard et al, Tet-Letty g 36w “ap. 3148- 3152, Tverezovsky
et al, Tetrahedron, 8

[1R,28,3(28}), 55}
wherein R! is alkyl, cycloalkyl, bicycloalkyl,
tricycleoalkyl, hydroxybicycloalkyl, hydroxytricycloalkyl,
5 alkylcycloalkyl, hydroxyalkyl, hydroxycycloalkyl or
hydroxyalkylcycloalkyl as well as the following:

HO
N N
*§£;:zT_ﬂg CN CN N
HO HN
F NH, O , H N 0

’ r

F HO

N N HoN N S N HoM N

2 2 )/ HoN \( i
10 C ne , O e , 0O CN NC and

HO,

N
HoN
o CN

15 Compounds of the structure I may be generated by

the methods as shown in the following reaction schemes
and the descripticn thereof.
Referring to Reacticon Scheme 1, compound 1, where

PG; is a common amine protecting group such as Boc, Cbz,
20 or FMOC and X' is H or CO,R’ as set out below, may be

generatéd by methods as described herein or in the

literature (for example see Sagnard et al, Tet-Lett.,

1995, 36, pp. 3148-3152, Tverezovsky et al, Tetrahedron,

-8 -



1997, 53, pp. 14773-14792, Hanessian et al, Bioorg. Med. Chem Lett.,
1998, 8, p. 2123-2128). Renoval of the PGL group by conventional nethods
(e.g. (1) TFA or HC1 when PGL is Boc, or (2) H2/Pd/C, TMSI when PGL is
Cbz, or (3) 5 Et2NH when PGL is (FMOC) affords the free amne 2. Anine 2
may be coupled to various protected am no acids such as 3 (where P& can
be any of the PGl protecting groups) using standard peptide coupling
conditions (e.g. EDAC/ HOAT, i-BuCOCOCI/TEA, PyBop/ NMM to afford the 10

cor r espondi ng gb@ﬁptggdepgheﬁﬁ%v%g& ISR T Of CGLAg, 0T

provi des conpound 1a™d nventi on ere X=H. _In the case ere
X1=C02R9 (wher ENER- iketal-kyF 2t Bar & kgl 2 Grodds - su%‘f‘f“od‘?lrr@tfhwe Bthyl |
t-butyl, or 15gbemz\iy) cohhenesirerl meyhbeés hiedmol yzedl Emder Hal verdret y of
condi tions, fopgexamphe, Wi h(ZG}QH‘?PN:ﬁ/CNa%tmlﬁerﬁl#GEaM &bz$obv¥end; such as

thanol, THF, or d t d i d t the acid
rou b’ (he EF YRRt an B SR aPE Ao e BV racr i ny®

activation 20 éfmahéeacedPdeduy (Yergouenpl GiACH§di 2 BLUOCECLATER @ F=DAC)
fol | oned by treatwmite Wit hcddHbeOBnaNoANGRRNIPE, giptiteakeny dfdbupa)sol vent such

as di oxane, et Dg{n %tg’?ﬁ%%@é‘”&é tl‘lgge ?H}S)PPn féé@lgglcggﬁg (tey may be converted
to the nltl’l|68 arlet 0 H{ conltlons (Fe. . 25

POC1, / pyri di neF %d%ﬁl e oPu%?%ﬂﬁ}r/T@Achf’W‘? SMMVFEEBr2 £ 4959 FBr oacet i ¢
anhydri de, 1THFcopyesmhinaid ngt dippelde. 4. Fi Rheddval pénbivalamginet he P&

protecting grouposddd il E»@upf’ﬂ‘ﬂW?r@i’rﬂi’éﬁ%%mﬁ@ﬂ@@W Aaf rhbeidqenthon |b.
In a different_ sequ Schene 2 conpound 1 30 where X1 is CO2RO may be
S

saponi fied to FR& Acl subsequent | am dat ed as descri bed above to
p q y 7
give ani de 8. In the case where X'=CO,R* {where R’ is alkyl or

aralkyl groups such as methyl, ethyl, t-butyl, or

15 benzyl), the ester may be hydrolyzed under a variety of
cenditions, for example with agueous WaOH in a suitable
solvent such as methanol, THF, or dioxane, to provide the
acid 5. Conversion of the acid group to the primary
carboxamide, affording 6, may be effected by activation

20 of the acid group (e.g. employing i1i-BuOCOCL1/TEA or EDAC)
followed by treatment with NHy or an ammonia equivalent in
a solvent such as dicgxane, ether, or methanol. The amide
functionality may be converted to the nitrile group by a
variety of standard conditions {(e.g.

25 POCla/pyridine/imidazole or cyanuric chloride/DMF or
trifluorcacetic anhydride, THF, pyridine) to give 7.
Finally, removal of the PG; protecting group similar to
above provides compound cf the invention Ib.

In a different sequence (Scheme 2), compound 1

30 where X! is CO;R® may be saponified to the acid and
subsequently amidated as described above to give amide 8.
Removal of the PG, group followed by peptide coupling to 3
affords compound 6, an intermediate in the synthesis of
Ib.

35 Alternately, the carboxamide group in 8 may be
converted to the nitrile as described above to give

compound 9. Deprotection of PG, affords 10 which may be



Renoval

car boxam de group in 8 nay be
to give

of the PGL group foll owed by peptide coupling to 3 affords
conpound 6, an internediate in the synthesis of

| b. 35 Alternately, the

converted to the nitrile as descri bed above

conmpound 9. Deprotection of PGL affords 10 which may be 9

subj ect

to standard peptide coupling conditions to afford an internediate in the

synt hesi s of
amne 2 (e.qg.
treat nent.

I b. Conpound 10 may al so be generated by oxidation of the
NCS) followed by hydrolysis and subsequent cyanide 5
Conpound 10 may be obtained as a m xture of

stereoi sonmers or a

si ngl e i soner/ di¥Sestebiret talttlac raptidre aapiohbrg zethdisapheying ffonuent i onal

procedur es) to 7 afdhotdtarmidiatice iaf thé e5paheenBros 1) Schepink 1% Il

Ffen bbngabopte it LR P o8
Q%V~€ ¥?1¥51s and subsequen

Compound 10 may be obtained as a mixture of

R3 ROH "N ORGy a'ﬂ%‘o(ﬁa
YA i IOl

( k-~

cyanlde

stereoisomers or a single isomer/diastereomer which may

be epimerized

{employing conventional procedures) to

afford a mixture of stereciscmers.

10 Scheme 1

a. PG, =Boc, TFA or HCI PGy =

BuOCOCH TEA or PyBop, NMM ¢. PG, =

————— HN fG; O
b
2 xt
2
c R! R 'lll l
R, N {y
x1=H \N S
H
Q
la
ol R )/<1§
" R!‘-N N { ,y f
- t e e e e
PGy O CONH;
8
. B [§Y :]
“...__f_.......’. 3R

“‘f\r"\r‘ y

o CN
b

Cbz, Ha/PAIC or TMSI; PG, = FMOC, Et;NH b. EDAC, HOBT, DMF or
PG;. (see conditions for a) d. LIOH or NaOH MeOH or THF/HC

or dioxane e. -BuOCOCY NMM or i-BuOCOCHTEA ar EDAC, then NH, in dioxane or E1;0 f. POCI,,
pynidine, imidazole or cyanuric chioride, DMF or TFAA, THF, pyridine.



P& 0 COZHP& 0 CONH2 59 R'i RR¢c _ R\R ™™ RI2N) R NIl NY M'l NI
()r P& OCNOCN 7 1b a PGA =Boc, TFA or HCl; P& = Cbhz, Hz/Pd/C or
TVl ; PG = FMOC. Et2NH b. EDAC, HOBT, DMF or i-BuOCOCI TEA or PyBop. NW
C. P& = PG (see conditions for a) d. LOU or NaCH MeOH or THF/ H20 or

di oxane e. i-ByOCOCI! NWM or i-BuOCOCVTEA or EDAC, then NH3 in di oxane or
E120 f. Pod 3. " pyridine, imdazole or cyanunc chloride, OW or TFAA THE
pyridine. 10 i Scheme 2 f ),"1l a, b1l!.~c PG'NOy _ NYOy 2 601b a
PG R'R1 CO2R&B N2 R3~-NFCH | P& O 3 d. peptide coupling conditions
"R2RBNOH _1): P O30Ilb PG N'"1 hHW ()r d. peptide coupling 9
CN 10 CNCMddians | j'f HN~f )y 2 a. LICH or NaOH in MeOH or THFI H20 or
di oxane b. i-BuOCOCV N r |-JB{,JOCOCN‘,|’J¢£ or EDAC, then

N by —————- (3} _—_,.H_,... E— |
PG, PG, ¥ . r?

2 R
1 COpR 8 CONH, R"\N%rcm
1
3

PG, O

d. peptide coupling
e conditions

Oy
2

a. LiOH or NaOH in MeOH or THF/H,0 or dioxane b. i-BuOCOCY NMM or i-BuOCOCHTEA or EDAC, then
NH; in dioxane of £t,0 ¢.PG; =Boc, TFA or HCI, PG, = Cbz, Hp/Pd/C or TMSI; PG; = FMOC, EthH d. EDAC,
HOBT, DMF or -BuQCOCY TEA or PyBop, NMM e, POCI;, pyridine, imidazole or cyanuric chlorde, DMF.

5 In a2 like manner, P-amino acids such as

R g2 R
/' \I)Qn/ou

may be coupled with 2, the free amine of 8, or 10 to give
the corresponding amides which may be converted to the pB-

10. amino acid derivatives of compound Ia or Ib following the
same chemistry.

Unless otherwise indicated, the term "lower
alkyl"™, "alkyl" or "alk" as employed herein alone or as
part of another group includes both straight and branched

15 chain hydrocarbons, containing 1 to 20 carbons,
preferabliy 1 to 10 carbons, more preferably 1 to 8
carbons, in the normal chain, such as methyl, ethyl,
propyl, isopropyl, butyl, t-butyl, iscbutyl, pentyl,
hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl,

20 2,2,4-trimethyl-pentyl, nonyl, decyl, undecyl, dodecyl,

- 11 -



NH3 in di oxane or Et20 c. PG =Boc, TFA or HCl; PG = Cbz, H21Pd/C or TMSI;
PG = FMOC, Et2NH d. EDAC, HOST. DMF of i-BuOCOCW TEA or PyBop, NWM e.
POCl 3, pyridine, imdazole or cyanuric chloride, DM 5 In a |ike manner,
(3-amno acids such as R3 R2 RL P& N YOH Ra O may be coupled with 2, the
free amne of 8, or 10 to give the corresponding am des which nmay be
converted to the 13- 10 am no acid derivatives of conpound la or |Ib '
following the sane chem stry. Unless otherw se indicated, the term"I| ower
al kyl"™, "alkyl" _or "al k" as enployed herein alone or as part of another
group i ncl udes H&t ﬁ"?t"?ﬁ?g‘ﬁ’targﬁ‘&dbfléﬁjcrhe‘cfof‘%rﬁh%'?%eﬁ’)fdrBﬁ‘ér%“t?nilkéont ai ni ng
1 to 20 carbons?s 4sléf esablgh brropiOinarsgng, I nor e puebel aldnesl shan8
carbons, in theanoramal, cbaidxampuehrasenetdyby etdwylcrs, psopyl,, i sopropyl,

butyl, t-butyl,_jsghutyl..pentyl hexyl .. i sohexyl., heptyl,.
4, 4 di et hyl pert Yo gctyl 30 Y38 0 Tt - Bertof Y Thohg = eyl
undecyl , dodecyifylalkyioxy et hkgnydusCHiimididd. chsiieailsghetsst.her eof , and
the like as wetfclaslguthliylewys amchedimgirdxyp Hydrdhshikypntsyaych as
hal?k fo{)exanﬁté%éﬁoagpl,cﬂﬁ%§ﬁ05r9[o§¥aih%%%%%éryfﬁl k¥1 ?ryl’ ?ry:ﬁxy’
aryl (aryl) or diaryl, a La , g aryl al kyl oxy. al'ken cycl oal kyl ,
cycl oal kyl al kyl ,et%ﬁéFB% W’%kf}‘% ?/’,‘y%lrﬁyr}o, af Ry ﬁgH?MéItWP: acyl ,
heteroaryl, het®rdaxykexy, Heéwdroadyl alkgnoylaetmer.oaryl al koxy,
aryl oxyal kylo addylcitbeny Banilndl, Kkt R C,cyadby! oxyar,Y haiah k) am do,
al kanoyl am no, t}oih%rlgLEgifoan&Q/%rp QPkyPc'htiroQ’ cyano, thiol, haloal kyl,
tri hal oal kyl and/or afkyf thi o.
Uriless otherwise indicated, the term "cycloalkyl™
as employed herein alone or as part of another group
includes saturated or partially unsaturated (containing 1
15 or 2 double bonds) cyclic hydrocarbon groups containing 1

to 3 rings, including monocyclic alkyl, bicyclic alkyi

{or bicycloalkyl) and tricyclic alkyl (tricycloalkyl),

containing a total of 3 to 20Q carbons forming the ring,

preferably 3 to 10 carbons, forming the ring and which

20 may be fused to 1 or 2 aromatic rings as described for
aryl, which includes cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cyclohneptyl, cyclocctyl,

cyclodecyl and cyclododecyl, cyclohexenyl, adamantyl,

any of which groups may be optionally substituted with 1
to 4 substituents such as halogen, alkyl, alkoxry,

30  hydroxy, aryl, aryloxy, arylalkyl, cycloalkyl,
hydroxyalkyl, alkylamido, alkanoylamino, oxo, acyl,
arylcarbonylaminc, amino, nitro, cyano, thiol and/or
alkylthio and/or any of the substituents for alkyl.

- 12 -



Unl ess otherwi se indicated, the term"cycloal kyl" as enployed herein al one
or as part of another group includes saturated or partially unsaturated
(containing 1 15 or 2 doubl e bonds) cyclic hydrocarbon groups containing 1
to 3 rings, including nonocyclic alkyl, bicyclic alkyl (or bicycloalkyl)
and tricyclic alkyl (tricycloalkyl), <containing a total of 3 to 20 carbons
forming the ring, preferably 3 to 10 carbons, form ng the ring and which
20 may be fused to 1 or 2 aronatic rings as described for aryl, which

i ncl udes cycl opr opyl c obut cl opent yclohexyl cycloheptyl

cycl ooct yl | cyclodecyﬁg dmby%VSH%ﬁéknﬂJq %I PHEBOSF e ERHhEIOPE, . W, 25
R 01 0' any of “hhiePyitogssanes,dre %BPPOh%ﬁfe}l;ﬁ sabsrétis eganbthrionst o 4

substituents suchtamihal ages, ialdatbonal kexere3B1hydraxye aaybeonar yl oxy,
arylal kyl .« cychaal ol » hudpoauabdod . gkl A de, cal kanaylam g, oxo, acyl.

arylcarbony%an1no amno, nrtro, cyano yI ERP®%nd/ or any
of the substit GBRIYS &YC&PRWte“}?Z CYHEO‘E%’F%chyek%JaCPW@é’rWI“TlaS enpl oyed
herei n al one erchsoqanylef canbittreradgerow], referyctonaptadienhydr ocar bons

containing 3 1 onih GRLDOES opbI SHANGOLYHS: 10D 68T BOfecARd, L o 2 doubl e
bonds. Exenplarg f oqlkenyl groups 5. include cycl opentenyl,

cycl ohexenyl e tenyl cyclooctenyl cycl ohexadi enyl , and
cycl ohept adi enyl , V\Fﬁ%ﬁeﬂfﬁ'y“ pec optlikoyA&REY sURRPLEYed chexs ide i feds f or
cycl oal kyl 10 Theotmr‘mymwau@@ifkydmg" whScie i Qyadsherad monakessd

thus is a linking group such as

substituted as defined above for “cycloalkyl”.

and the like, and may optionally be

The term "alkanoyl" as used herein alone cor as

15 part of another group refers to alkyl linked to a
carbonyl group.

Unless otherwise indicated, the term "lower
alkenyl" or "alkenyl" as used herein by itself or as part
of ancther group refers to straight or branched chain

20 radicals of 2 to 20 carbons, preferably 2 to 12 carbons,
and more preferably 1 to 8 carbons in the normal chain,
which include one to six double bonds in the normal
chain, such as vinyl, Z-propenyl, 3-butenyl, Z2-butenyl,
4-pentenyl, 3-pentenyl, 2-hexenyl, 3-hexenyl, Z2-heptenyl,

25 3-heptenyl, 4-heptenyl, 3-cctenyl, 3-nonenyl, 4-decenyl,
3-undecenyl, 4-dodecenyl, 4,8,12-tetradecatrienyl, and
the like, and which may be optionally substituted with 1
to 4 substituents, namely, halogen, halcoalkyl, alkyl,
alkoxy, alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl,

30 amino, hydroxy, hetercaryl, cyclohetercalkyl,
alkanoylamino, alkylamido, arylcarbonyl-amino, nitro,
cyano, thiol, alkylthio and/or any of the alkyl
substituents set out herein.

Unless otherwise indicated, the term “"lower

35 alkynyl™ or "alkynyl"™ as used herein by itself or as part

of another group refers to straight or branched chain

- 13 -



10 to a "cycloal kyl"™ group which includes free bonds and thus is a |inking
group such as and the like, and nmay optionally be substituted as defined
above for "cycloal kyl". The term "al kanoyl " as used herein alone or as 15
part of another group refers to alkyl linked to a carbonyl group. Unless
otherw se indicated, the term"lower alkenyl" or "al kenyl" as used herein
by itself or as part of another group refers to straight or branched chain
20 radicals of 2 to 20 carbons, preferably 2 to 12 carbons, and nore

preferably 1 t@,8;ca1baonsin t@@cgg&ggl chal i gh nclude one to six
doubl e bonds in the normal. o Gh’ ag f%ﬁalwgzgpmill yF 3Bt enyl |

2-butenyl, 4- 58t BRYT p??fﬁéﬁpgﬁyq hé?é¥@ﬂ5 %?—ﬁ@%e%mﬁmalzcﬁébﬁenyl 25 3
heptenyl, 4 heﬂ@eﬁylan¥Rﬁ§t9n§ltrﬁphﬁ3henylw"4ﬁdeeeny¢+ cr3-iundecenyl ,
4- dodecenyl, 4328, 129£@5ﬁQQgcaL5u@ﬂMh, Qngut}ﬁ@_lhksen@ﬂgﬂmthh may be

optionally sub < %ug§t tuents, n hal o
hal oal kyl | § %hw%ﬁj e rké*' “ ‘Hi ?fary“yn%fryl A Wy”g?u oal kyl ,

30 ani no, hydréxbepwéiwrroér yFtY@yﬂ &h@?ék@a%rkﬂ decgnkhnoylngscroy .
al kyl am do, ar yrcadéonmptl- amdnohe niikey, angyaniah taiyobe @diyhbhie and/ or any

of the alkyl %u%ﬂé&k@‘é& Sughly o 4h%&sgeltmt%ssn9& fywh%% 9' cated, the

term"l ower 35 ah %?%¥ rk ? gg%% use ereln |t§el as part
of anot her group 7 Y #*¢lra ’“braBF% edL&KRY b PIY radlcals of 2 to
20 carbons,! préFé#@b#WLZCbﬁlﬁalbdrb@msnoam&mﬁnu@rpteferably 2 to 8 carbons
in the normal chalohet sMaQRyl NCh R @NEaT ki A aRORE, | Sn i NaRQk Ml chain,
such arylcarbonylaminoe, nitro, cyane, thiol, and/or alkylthic,

and/or any of the alkyl substituents set out herein.

The terms “arylalkenyl"” and "arylalkynyl" as used

15 alone or as part of another group refer to alkenyl and

alkynyl groups as described above having an aryl

substituent.

Where alkyl groups as defined above have single
20 bonds for attachment to other groups at two different
carbon atoms, they are termed "alkylene" groups and may
optionally be substituted as defined above for "alkyl",
Where alkenyl groups as defined above and alkynyl
groups as defined above, respectively, have single bonds

23 for attachment at two different carbon atoms, they are

rr

ermed Yalkenylene groups"™ and "alkynylene groups"”
respectively, and may optionally be substituted as
defined above for *alkenyl" and "alkynyl".
The term "halogen” or "halo" as used herein alone
30 or as part of another group refers to chlorine, bromine,

fluorine, and iodine as well as CF3, with chlorine or
fluorine being preferred.

The term "metal ion"™ refers to alkali metal ions
such as sodium, potassium or lithium and alkaline earth

35 metal ions such as magnesium and calcium, as well as zinc

and aiuminum,

- 14 -



as 2-propynyl, 3-butynyl, 2-butynyl, 4-pentynyl, 3 5 pentynyl, 2-hexynyl,
3-hexynyl, 2-heptynyl, 3-heptynyl, 4-heptynyl, 3-octynyl, 3-nonynyl,
4-decynyl , 3-undecynyl, 4-dodecynyl and the |ike, and which may be
optionally substituted with 1 to 4 substituents, nanely, hal ogen,
hal oal kyl, al kyl, al koxy, al kenyl, alkynyl, aryl, 10. aryl al kyl,
cycl oal kyl, am no, heteroaryl, cycloheteroal kyl, hydroxy, al kanoyl am no,
al kyl am do, aryl carbonyl am no, nitro, cyano, thiol, and/or alkylthio,
and/or any of the al kyl)SUbSELLUANS 1381 c Aty NEHET Lyl DR A GETE
"aryl al kenyl " and_ "aryl al kynyl ™ as use 15 al one or as pért of anot her
group refer to“BPkRWT hetd"af KSRy IPtgREUDR: ad Tdasek e dirapsvEc Faws ng an
aryl substituént roWerd igl kpd grauedd casrdeftiinedraboyve-dravenshgigte 20
bonds fordatt?(ﬁBWE@tcatx%dAtsh@ﬁ md@qasagapoimrd:(}‘ste%eﬁ p!’@ﬁf@ogrgtoma ]E_heyd
are ternmed :a " groups.and nma i onal_l y _be suhstituted as define
above for "glké%bﬁpﬁﬁéggééﬁééﬁ%lld} &5§9g§“5€fiﬁéahﬁgggeagﬁdmﬁkanyl
groups as defi RBEIaPdMe, ingspeetinfelty, theve asidigiendbntings2Bused tat t achnent
at two differentceasdomldtcomsng tdieys aceectefymdc” al kenyd eite agr gups,” and

"al kynyl ene gr i, es ' . 02Ny OB, [ | {y.:be substituted as
defi ned above ?g?%%lli%rlﬁyﬁgegﬁ%ﬂ%l l??ng?’ eﬁ:%tr![cg?%i hraj{?1 gsen" or "hal 0" as
used herein al A& e%ﬁ?éiﬁ as part of another group refers to chlorine,

bromi ne, flPuorine, and iodine as well as CF3, with chlorine or fluorine

being preferred he ter netal‘% " refers_tosal kali t ions such as
sodi um pot assi rolitm™ and aly ne G§E§§:335 megalyf i such as
magnesi um and caj ci .as as z .0 . ,
Sy

05 <1 .0 Oz

Q [a] [+]

O . G OO . L5

8 ' ’ N 0% "o .

and may be optiocnally substituted through available
carbon atoms with 1, 2, or 3 groups selected from

hydrogen, halo, halcalkyl, alkyl, haloalkyl, alkoxy,

._...
]

haloalkoxy, alkenyl, trifluoromethyl, triflucromethoxy,
alkynyl, cycleoalkylalkyl, cycloheteroalkyl,
cyclohetercalkylalkyl, aryl, heterocaryl, arylalkyl,
aryloxy, aryloxyalkyl, arylalkoxy, arylthio, arylazo,
heteroarylalkyl, heteroarylalkenyl, heterocarylheteroaryl,
20 heteroaryloxy, hydroxy, nitro, c¢yano, aminc, substituted
amino wherein the amino includes 1 or 2 substituents
{which are alkyl, aryl or any of the other aryl compounds
mentioned in the definitions), thiol, alkylthio,
arylthio, hetercarylthio, arylthioalkyl, alkeoxyarylthio,
25 alkylearbonyl, arylcarbonyl, alkylaminocarbonyl,
arylaminocarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylcarbonyloxy, arylcarbonyloxy, alkyl&arbonylamino,
arylcarbonylamine, arylsulfinyl, arylsulfinylalkyl,

- 15 -



and alum num 14 Unless otherwi se indicated, the term"aryl" as enployed
herein al one or as part of another group refers to nonocyclic and bicyclic
aromatic groups containing 6 to 10 carbons in the ring portion (such as
phenyl or 5 naphthyl including |-naphthyl and 2-naphthyl) and may
optionally include one to three additional rings fused to a carbocyclic
ring or a heterocyclic ring (such as aryl, cycloalkyl, heteroaryl or

cycl ohet eroal kyl rings for exanple 10 o=0 O, < O and nay be optionally
substituted thr r W 1 roups sel ected
from hydrogen, é%#%?8§¥ﬁ%X%éﬂﬁ<o 58 ?ﬂ%HSUlhaPoaTkgﬁca QPRBQy? ¥ haysal koxy,

al kenyl, trifl dﬁréﬁﬁtﬁ %YltﬁﬁbFFuéF%ﬁﬁﬁIﬁ@%youtamﬁaﬁﬂﬂ cycl oal kyl al kyl ,

cycl ohet er oal kyl, cyeéhbiret erbakkysalidicaaey) , crhettel%ﬁarydawexaryl al kyl ,

aryl oxy, aryl omadolgyh af W ABIOXY 2 - @ W i 0, ..QHAI " Qeér&e%%a%l al kyI
het er oaryl alkeny, heteggaleheteroaQ%] 20 heteroa | ox y roxy, nitro,

Sk antho® %ﬁ%re1ﬁ"?ﬁﬁeﬁﬁFﬁﬁplnEF BTy ©

cyano, an1no su 't Ut@
substituents (WI éﬁo’é‘? e Hiky| aratkil or amylofradrs dthked aircylar"conpounds
mentioned in theydehi atérhons), thiol, aIkyIthio arylthio, heteroarylthio,

aryl thioal kyl, al koasx%y%tcn'r%mé 81 gl 50% ae&%' FELON MLy
alkylan1nocarb%vyl, am nocar oxycar anlnocgpbonyl

al kyl car bonyl 0308 y?%a?%ﬁ?’?ﬂx?er%ﬂrkﬁllealab%y%saﬁ‘laﬁé of adté®rbonyl ami no,
aryl sul finyl0, amplusukéfend alckyhino substituted with cne or two

substituents, which may be the same or different, such as
alkyl, aryl, arylalkyl, heteroaryl, hetercarylalkyl,
cycloheteroalkyl, cycloheteroalkylalkyl, cycloalkyl,

' cycloalkylalkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl or

I5 thiocalkyl. These substituents may be further substituted
with any of the R! groups or substituents for Rl as set
out above. In addition, the aminoc substituents may be
taken together with the nitrogen atom to which they are
attached to form l-pyrrolidinyl, l-piperidinyl, 1-

20 azepinyl, 4-morpheolinyl, 4-thiamorpholinyl, 1-
piperazinyl, 4-alkyl-l-piperazinyl, 4-arylalkyl-1-
piperazinyl, 4-diaryialkyl-l-piperazinyl, l-pyrrolidinyl,
l-piperidinyl, or i-azepinyl, optionally substituted with
alkyl, alkoxy, alkylthic, halo, trifluoromethyl or

25  hydroxy.

Unless otherwise indicated, the term "lower
alkylthio", alkylthio", "arylthic" or "aralkylthico" as
employed herein alone or as part of another group
includes any of the above alkyl, aralkyl or aryl groups

300 linked to a sulfur atom,

Unless otherwise indicated, the term "lower
alkylamino", "alkylamino", "arylamino", or
"arylalkylamino" as employed herein alcone or as part of
another group includes any of the above alkyl, aryl or

35 arylalkyl groups linked to a nitrogen atom.

Unless otherwise indicated, the term "acyl" as

employed herein by itself or part of ancother group, as
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15 aryl sulfonylam no or aryl sul fon-am nocarbonyl and/or any of the alkyl
substituents set out herein. Unless otherw se indicated, the term"I| ower
al koxy", "al koxy", "aryloxy" or "aral koxy" as enployed 5 herein al one or
as part of another group includes any of the above al kyl, aral kyl or aryl
groups linked to an oxygen atom Unless otherw se indicated, the term
"substituted am no" as enployed herein alone or as part of another 10
group refers to am no substituted mﬁth one or two substituents, which may

be the sanme or [disffifggepd,oiguch y eteroaryl
het eroaryl al kyl,  cycl ohmleroae é cyc oﬂeé%#%ﬁfﬁgfa?t 11“ &/cl8at kyl |

cycl oal kyl al kyl., -pal, gl rox al k J alkox k 15 t hi oal kyl .
These substltuémfs ng be fdﬂy X OBSF I UCEd® %f‘ﬁyﬁﬁﬁ oP=1¥R® RIYgr oups or

substituents fé? Riea% g&ev Péu%t%%ﬁvg tPnadﬁﬁWPPdh $4rh @i no substituents
may be taken wddgenbhelr, wiltkenbhie, nitavigearat kandya, Whteﬁ@réel’k&;}?la,re attached

to form 1- pyrr@ywbmanoupl ewaséu@maikzg FZERINyhe fryprphol inyl,
4-t hi anor phol i nyl , T ¥

pi perazi ny 4- aryIaIkyI-I-
pi perazinyl, 4- di ary PaT? 6 Xé?%z?ﬁbf%teﬁt Sgg(ﬂerﬂlnyl 1- pi peri di nyl ,
or 1-azepiny| GﬁFi%ﬂﬁﬂqﬁfaéﬁbéf|1&H&§$dwhehelgﬂd¢phe athnxymralbylthlo hal o,
trifIuoronethybnothéﬁ‘ﬁyﬂﬁoxyfeLMIﬁﬁ% eLheﬁmhﬁe7ngh§@£§ﬂsakh§aE&£”‘ | ower

al kyl t hi o", algylggkp Jﬁggxggpisgtég‘ uéalk‘h$thl?%e é% 6b3yed herei n

al one or aiopa% anot rou iné al kyl, aral kyl
or aryl ups eéef?ﬁﬂeé?& BEPR SUITHROREBM oxyden and/or sulfur.

linked through a carbon atom cor a hetercatom, where
possible, optionally via the linker (CH;}; (where r is 1,
2 or 3), such as:

15

and the like. The above groups may include 1 to 4
20  substituents such as alkyl, halo, oxo and/or any of the
alkyl substituents set out herein. In addition, any of
the cyclohetercalkyl rings can be fused to a cycloalkyl,
aryl, hetercaryl or cyclohetervalkyl ring.
Unless otherwise indicated, the term "hetercaryl"
25 as used herein alone or as part of another group refers

to a 5~ or 6- membered aromatic ring which includes 1, 2,
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Unl ess otherw se indicated, the term"lower alkylam no", "al kyl am no",
"arylam no", or "arylal kylam no" as enpl oyed herein alone or as part of
anot her group includes any of the above al kyl, aryl or 35 arylal kyl groups
linked to a nitrogen atom Unless otherw se indicated, the term"acyl" as
enpl oyed herein by itself or part of another group, as 16 defined herein,
refers to an organic radical linked to a carbonyl ( ¢ Q) group; exanples
of acyl groups include any of Uze R groups attached to a carbonyl, such

as al kanoyl, akk p Iy, y noyl .. oar o cyec alkanoyl
cycl ohet er oal kano > Whetg&g étor@sr %luéﬁl g%slsn ot{}% rg\F/I\n s((ga ’Y‘Je’é‘ %r ¥ 18{%@ term

cycloheteroalk??g %ﬁfhu§é8gﬁe#%ﬁﬂ? &Pofi@ %ﬁy%ﬁ;Cb&??a%ﬁyl'aﬁﬁfﬁé?a{ﬁ%an refers
to a 5-, 6- or 7rnermiehedesat Ut edngofe par ieakbyh imsatnyriat eddslivig ,whi ch
i ncl udes 1 to Za&@.ﬂﬂhﬁh@saé@ﬂ§uﬁhﬁh aﬁlﬁaéfogﬁ@ hOXY@en yangdL ok, sl f ur,

| i nked th h t t b |
| ked through acgrhunaLam ok, 3 U8 #RBL AT EL S osy Bl qPRkIOnal 1Y

N~-S H\ 0J) CﬁBbiﬁﬁfue€¢€>seﬂ4“aﬂéb?ﬁ%‘PﬂkélkThe deve lgsoaps may i ncl ude
l1to 4 heteroaryl groups include the following:

(O O G

A N:V/ /’7{ /’7{ s
N O a0,

N—N

22N R R

15 and the like.
The term "cycloheteroalkylalkyl® as used herein

alone or as part of another group refers to
cycloheterocalkyl groups as defined above linked through a
C atom or hetercatom to a {CH2) ¢ chain.

20 The term “"heterocarylalkyl" or "heterocarylalkenyl”
as used herein alone or as part of ancther group refers
to a heteroaryl group as defined above linked through a C
atom or heteroatom to a ~(CHp),— chain, alkylene or
alkenylene as defined above.

25 The term "polyhalealkyl"™ as used herein refers to
an "alkyl" group as defined above which includes from 2

to 9, preferably from 2 to 5, halo substituents, such as
F or Cl, preferably F, such as CF3CHz, CF3 or CFilFCHz.
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20 substituents such as al kyl, hal o, oxo and/or any of the alkyl
substituents set out herein. In addition, any of the cycl oheteroal kyl
rings can be fused to a cycloal kyl, aryl, heteroaryl or cycl oheteroal kyl
ring. Unless otherwi se indicated, the term"heteroaryl”™ 25 as used herein
alone or as part of another group refers to a 5- or 6- menbered aromatic
ring which includes 1, 2, 17 3 or 4 hetero atoms such as nitrogen, oxygen
or sulfur, and such rings fused to an aryl, cycloalkyl, heteroaryl or

cycl ohet eroal kyl ring .__benzot hio . 1ndol and cl udes

possi bl e N-oxi des. 'g(?‘le‘%g oaPy?yrbarlodgag%ﬁéﬁ 5% op‘is%lnﬁfgf f??&é f°to 4
substituents sdﬁh"aékaﬁy"dﬁfFhéRYhﬁﬁst@Fﬁéﬁtgsgéﬂﬁ@@ﬁ ab@ve‘ﬂurhalkyl
Exanpl es of hetenoaey! fgimowpsci aclperstriel1 ot tamiznge b, lhakd KN f~ \p7 H N

N " \N NN / N 5 t
"cycloheterqalKﬁ%%fggfiigé ggl %ﬁié;ﬁg Cg oﬁgg%éggigy g?tsdggangiﬂgr gr oup
a y

refers to cycloﬁet%ro groups?as’ defi ned above Ilnked through a C
atom or heteroatomt &la §CGHBaischara. oR20hFheotprmdhetietbar yhatidat " or

"heteroaryl al kanylenti88 #sLEoReERha@ONRiOheASiPAdMiRELAOAUNEM group
refers pure or substantially pure form. The ccompounds of the
present invention can have asymmetric centers at any of
10 the carbon atoms including any one or the R substituents.
Consequently, compounds of formula I can exist in
enantiomeric or diasterecmeric forms or in mixtures
thereof. The processes for preparation can utilize
racemates, enantiomers or diastereomers as starting
i5 materials. When diastereomeric or enantiomeric products
are prepared, they can be separated by conventional
methods for example, chromatographic or fractional
crystallization.

Where desired, the compounds of structure I may be

20  used in combination with one or more other types of
antidiabetic agents (employed to treat diabetes and
related diseases} and/or one or more other types of
therapeutic agents which may be administered orally in
the same dosage form, in a separate oral dosage form or

25 by injection. '

The other type of antidiabetic agent which wmay be
optiocnally employed in combination with the DP4 inhibitor
of formula I may be 1,2,3 or more antidiabetic agents or
antihyperglycemic agents including insulin secretagogues

30 or insulin sensitizers, or other antidiabetic agents
preferably having a mechanism of action different from
DP4 inhibition and may include biguanides, sulfonyl
ureas, glucosidase inhibitors, PPAR y agonists, such as
thiazolidinediones, SGLT2 inhibitors, PPAR o/y dual

35 agonists, aP2 inhibitors, glycogen phosphorylase
inhibitors, advanced glycosylation end (AGE) products

inhibitors, and/or meglitinides, as well as insulin,
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to a heteroaryl group as defined above |inked through a C atom or
heteroatomto a -(CH2)r- chain, alkylene or alkenylene as defined above.
25 The term "pol yhal oal kyl " as used herein refers to an "al kyl" group as
defined above which includes from2 to 9, preferably from2 to 5, halo
substituents, such as F or O, preferably F, such as CF3CH2, CF3 or
CF3CF2CH2. 18 The term "pol yhal oal koxy" as used herein refers to an

"al koxv" or "al kyl oxy" group as defined above which includes from2 to 9,

preferably frommad/ée fHuchgha-1sub 'ttliggt§ (@4eh)as, gk preferably F,
such as 5 CF3CHQ,. .30 or CF3CFZ§3? St er eoi SOmer SEth)I Sthe conpounds

of the instant |nvent|on are cont enpl at ed either in adm xture or in pure
or substantially pur&® fict Relipeed orpdunds Bée tdfe ther eseptuidwvent i on can
have asynmet ri strenterss IatinatymmifnatQohheicrarbon, at;ogﬁ hd¥ed Wdheg any one or

the R substjt Uﬁﬂﬁﬁdlaﬁqgeggwé Bbro%%BQ‘Jé‘ﬁsl 3& gigu?nhlc can exist in

enantioneric or détaestt eregnefic forme or_ in i “1%%e processes
for preparation can utirfzeMat RASFEPLE, f‘é?f&rﬁﬁcé‘rr@rfsuéﬁs%“‘ﬁétlé%%s as
starting 15 ma?é‘?’n%u%‘d Bheat el dstaer sbpecdrmbioredepddti t Dreranzipr oducts are

prepared, theyhppacdieeepar af fcbddy pe8ANEE 11913 he s BELARIS Ok s €XaNpl e,

chromatographlc or fgact] I r alllzalon Where desired, the
conpounds i‘f) struct uir:tgel thg% l%tb aﬁe?:%rﬁ?iy £i &h Wth one or nore

ot her types" of an%‘rﬂ*iﬂﬁrgl%é‘t??'&“’ag’éiﬂ% Eé@@k@d’ Bobilgemidy sbehessand
rel at ed di seases}fand/ropropeefonmnhecnt fiextd peseof, ghaFeapsuyi c agents

whi ch may be aggg fi.siier ge,orally in

Where the other antidiabetic agent is a biguanide,
the compounds of structure I will be employed in a weight

15 ratio to biguanide within the range from about 0.01:1 to
about 100:1, preferably from about 0.1:1 to about 5:1.

The other antidiabetic agent may also preferably be
a sulfonyl urea such as glyburide (also known as
glibenclamide), glimepiride (disclosed in U.S. Patent No.

20 4,379,785), glipizide, gliclazide or chlorpropamide,
other known sulfonylureas or other antihyperglycemic
agents which act on the ATP-dependent channel of the (-
cellis, with glyburide and glipizide being preferred,
which may be administered in the same or in separate oral

25 dosage forms.

The compounds of structure I will be employed in a
weight ratio to the sulfonyl urea in the range from about
0.01l:1 to about 100:1, preferably from about 0.05:1 to
about 5:1.

30 The oral antidiabetic agent may also be a
glucosidase inhibitor such as acarbose {disclosed in U.S.
Patent No. 4,904,769) or miglitol (disclosed in U.S.
Patent No. 4,639,436), which may be administered in the
same or in a separate oral dosage forms.

35 The compounds of structure I will be employed in a
weight ratio to the glucosidase inhibitor within the
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the sane dosage form in a separate oral dosage formor 25 by injection.
The ot her type of antidi abetic agent which may be optionally enployed in
conbination with the DP4 inhibitor of formula | nay be 1,2,3 or nore

anti di abetic agents or antihyperglycem c agents including insulin
secretagogues 30 or insulin sensitizers, or other antidiabetic agents
preferably having a nmechanismof action different from DP4 inhibition and
may i ncl ude biguani des, sulfonyl ureas, glucosidase inhibitors, PPAR Yy
agoni sts, such_as thiazolidinediones, SAT2 .inhibitors, PPAR a/y dual 35
B0t sts. o FRRPDI TP 2oGih Oyt EBsBROYy 11908 | RFEbre. Fadanced

gl ycosyl ati on ehduf AGR: lpitedaeest FMbi-bitors, and/or neglitinides, as well
aﬁ i ns]yI in, 19 andfré @%}n\iﬁ)@@ﬁ@‘d}f ke: pepuider IndyGok- &r)qf:msyem matics
thereof. It is_. i ey, { t o] c u o] structure | in
combi nati on_w t“?gifi&fp? S?E%Q?%ﬁérég‘%%ﬁt %g?gb%’?isac agents produces
ant i hyper gl yceft2Fesid ¥ egrea: @72 R 1t ALTPTISsPERRE fTOMEEh of t hese
medi canent s aliopelamdseggrdatieprs hbwhitche heordm rniedudddi $¢nvel tamticy

hype{ gl ycegrl c %EE@@I}E Sﬁrgrbﬁ(i:{!bﬁﬁga@i/er}tflﬁs%p@ﬁdéé?%rf%@tli}:aﬂ_&?e qtvi&%%:eant i d:j abet i ﬁ
agent may be an_oral 10 antihyper emec a pref era a bi guani de suc
as netfornin E‘F"%ﬁ’é%f%rﬁﬁzr‘f‘lb 'saqqt%c(“[fbﬁg elor??ﬂtbsr’e.%?%rbﬁ ;’Jc’y‘met normn HJO .
Wiere the ot hert. 8RRi %l Abetiosiaybrzane 4SKRhuamiagd itaeere cOmysdads of
structure low Mitbebesml Gy edcipsn WRisgNbsed Sind at.iso Pacdmiguani de wi t hin the

range from about .0, 0di dy t 12R8Uke MRk PEET S APAY LAGT AbRME Qedil to
about 5:1, 68722, Pfizer) or darglitazone {CP-86325, Pfizer, )
isaglitazone {(MIT/J&J), JTT-501 (JPNT/P&U), 1.-895645
{Merck), R-119702 (Sankyo/WL), NN-2344 {(Dr. Reddy/NN), or

15 ¥YM-440 (Yamanouchi), preferably rosiglitazone and
pioglitazone.

The compounds of structure I will be employed in a
weight ratio to the thiazolidinedione in an amount within
the range from about 0.01:1 to about 100:1, preferably

20 from about 0.1:1 to about 10:1.

The sulfonyl urea and thiazolidinedione in amounts
of less than about 150 mg oral antidiabetic agent may be
incorporated in a single tablet with the compounds of
structure I.

25 The compounds of structure I may also be employed
in combination with a antihyperglycemic agent such as
insulin or with glucagon-like peptide-1 {GLP-1) such as
CLP-1(1-36) amide, GLP-1{7-36) amide, GLP-1{7-37} (as
disclozed in U.S. Patent No. 5,614,492 to Habener,

30 disclosure of which is incorporated herein by reference;,
or a GLP-1 mimic such as AC2993 or Exendin-4 (Amylin) and
LY-315902 or LY-307167 (Lilly} and NN2211 {Novo-Nordisk) ,
which may be administered via injection, intranasal, or
by transdermal or buccal devices.

35 Where present, metformin, the sulfonyl ureas, such
as glyburide, glimepiride, glipyride, glipizide,
chiorpropamide and gliclazide and the glucosidase
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The other antidi abetic agent nmay al so preferably be a sulfonyl urea such
as glyburide (also known as glibenclamde), glinepiride (disclosed in U S.
Pat ent No. 20 4,379,785), glipizide, gliclazide or chlorpropam de, other
known sul fonyl ureas or other antihyperglycem c agents which act on the
ATP- dependent channe] of the 13- cells, wth glyburide and glipi zi de being
preferred, which may be adm nistered in the same or in separate oral 25
dosage forns. The compounds of structure | will be enployed in a weight

ratio to the s ea. | e quﬁ.fr b .0.01:1 to,about 100: 1,
preferably fro#%g%%%%og$0%%%€%§§g gﬁout Ffanég %%é?%%Pa|%3 ?T%ﬁ%gﬁétic agent
may al so be a R ICEEFHasRIGGH bPE oFTic Faxsbacerisyed( dnscl osed in U S.
Pat ent No. 4, 90Zh:769rtornsigy ideskr{deddwsedand 1 SmouRatemid Masing

4,639, 436), WhiLh Hay cheedif Rihat BhELh ikl Repe SRR AL hBe 3 (SGPar at e oral
dosage forng, 35 Thea%%ggoquﬁagf %tggcture I mnké Qﬁae Io%g In a weight
ratio to the glucosidasé inhibitor wtRTHTRE 30" rdigefrB ut 0.01:1
to about 100: 1,°"BHerefabt y2Hausks wbblin Che rapge afyemt aboutl. Sothécconpounds
of structure | amutbeceophoyed day €eidi Rali b sddihiatBPPAR yn ageriist such
as a 5 thiazoligl Is e diahgti ent . other insulin
sensitizers (mﬁﬁtﬁﬁgggggﬁﬂ%%%hﬁpﬁ ggn5|tj6$F§g,§§¥§%t i n NI DDM patients)
such as troglitazone "OfaFNRYE S UmbERE ' ShiReAtAANed e P&t FP]Y S, Pat ent

No. 4,572, 9HR) agepsi ghi'tlae o LOSKE) in pirsghnitsagbiieiny Takedajge fim
M tsubishi's MdzR@5o(dised Q3R Podh ShgRRLERhiMNO may be administered
in single or divided doses one to four times per day.

Where present insulin may be employed in
formulations, amounts and dosing as indicated by the

15 Physician's Desk Reference.

Where present GLP-1 peptides may be administered in
oral buccal formulations, by nasal administration {for
example inhalation spray} or parenterally as ‘described in
U.S5. Patent Nos. 5,346,701 (TheraTech), 5,614,492 and

20 5,631,224 which are incorporated herein by reference.

The other antidiabetic agent may also be a PPAR «/y
dual agecnist such as AR-HO39242 (Astra/Zeneca), GW-409544
{Glaxo-Wellcome}, KRP297 {(Kyorin Merck) as well as those
disclosed by Murakami et al, "A Novel Insulin Sensitizer

25 Acts As a Coligand for Peroxisome Proliferation —
Activated Receptor Alpha (PPAR alpha) and PPAR gamma.
Effect on PPAR alpha Activation on Abnormal Lipid
Metabolism in Liver of Zucker Fatty Réts", Diabetes 47,
1841-1847 (1998), and in U.S. application Serial No.

30 09/664,598, filed September 18, 2000, (attorney file
LA29NP) the disclosure of which is incorporated herein by
reference, employing dosages as set out therein, which
compounds designated as preferred are preferred for use
herein.

35 The other antidiabetic agent may be an SGLT2
inhibitor such as disclosed in U.S. applicatidn Serial
No. 09/679,027, filed October 4, 2000 {attorney file
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5,594, 016), d axo-Wellcone's G.-262570, englitazone (CP- 68722, Pfizer) or
darglitazone (CP-86325, Pfizer, isaglitazone (MT/J&)), JTT-501

(JPNT/ P&J), L-895645 (Merck), R- 119702 (Sankyo/W.), NN-2344 (Dr.
Reddy/NN), or 15 YM 440 (Yamanouchi), preferably rosiglitazone and

pi oglitazone. The conpounds of structure I will be enployed in a weight
ratio to the thiazolidinedione in an anount within the range from about
0.01:1 to about 100:1, preferably 2D from about O. 1 1 to about 10:1. The

sul fonyl urea a,gﬁgtb{y}az%kg}g ”fsd'l%'é%r or&nnd.mt&em b ess than about 150 ng

oral antidiabetic agent may i NCOf por a ina single tabpiet with the
conmpounds of S?TR}&Y&F@ POS%STH@ éSFrp%‘ﬂﬁﬁdserGfmst r’iﬁﬁfﬁlréeﬂ ey diso be

enpl oyed i n comnmratnidendas idna egdnhshypefainpgdeim ctiagembvauch as insulin or
wi t h gl ucagon- I;L FRaptbde-1 (GLP-1) such as GLP-1(1-36) am de,

GLP-1(7-36) scl osed in U Pat ent No. 5, 614, 492
to Habener, %O di scl ogﬂ?eo%l?e’\)/\ﬁg%ﬁdﬁ%b?%lc Fﬁ&?&t‘éﬁ“ﬁbr‘“@i"nbﬁy ref erence),
or a GLP-1 ni mePifeRlay Ao hinEgendimmtdcp ANyt hheap84 1315902 or
LY-307167 (Lillyd miachullb22lday NevanNepsi slhibitwhi slcirey bBesasdgdd shered via

njection, | Nt IS A OLac i LANSIORIR! oy BUGER] daULCES, . A her e

present, rretformn ur eas |rre i ride,

glipyride, gliplziid8? eREdYpt oﬁé’ﬁlla%a‘éﬁ“fﬁ’ g?lelréF?azI?‘He Da?rfél?h%g%rl ucosi dase 21
i nhi bitors Htarbolsel darphgéi t20oor(akhsoieyn fiilej B2 ®H)e, whpohnnary, buccal,

or oral) may bejm¥RY8del Mmedddnmylats pisms  dessidPed aboygeand in anount s

and dosing set out herein. Preferred are the compounds designated

as preferred in the above application.
The other antidiabetic agent which may be

15  optionally employed in combination with the DP4 inhibitor
of formula I may be a glycogen phosphorylase inhibitor
such as disclosed in WO 96/39384, WO 96/39385, EP 978279,
WO 2000/47206, WO 99/43663, and U.S. Patent HNos.
5,952,322 and 5,998,463, WO 99/26659 and EP 1041068.

20 The meglitinide which may opticnally be employed
in combination with the compound of formula I of the
invention may be repaglinide, nateglinide {Novartis) or
KAD1229 (PF/Kissel), with repaglinide being preferred.

The DP4 inhibitor of formula I will be empioyed in

25 a weight ratio to the meglitinide, PPAR y agonist, PPAR
a/y dual agonist, SGLT2 inhibitor, aP2 inhibiter, or
glycogen phosphorylase inhibitor within the range from
about 0.01:1 to about 1006:1, preferabiy from about G.1:1
to about 10:1.

30 The hypolipidemic agent or lipid-modulating agent
which may be optionally employed in combination with the
compounds of formula I of the invention may include 1,2,3
or more MTP inhibitors, HMG ColA reductase inhibitors,
squalene synthetase inhibitors, fibric acid derivatives,

35 ACAT inhibitors, lipoxygenase inhibitors, cholesterol
absorption inhibitors, ileal Na'/bile acid cotransporter

inhibitors, upregulators of LDL receptor activity, ATP
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as indicated in the Physician's Desk Reference (PDR). 5 where present,
nmetformn or salt thereof may be enployed in anounts within the range from
about 500 to about 2000 ng per day which may be adm nistered in single or
di vi ded doses one to four tinmes daily. where present, the thiazolidinedione
anti-diabetic 10 agent may be enployed in anounts within the range from
about 0.01 to about 2000 ngy/day which may be administered 'in single or

di vi ded doses one to four tinmes per day. Were present insulin may be

enpl oyed in formnulati ons, amounts and dosing as indicated by the 15
Physi ci an's De Skt ReErlofee. ipher e Preesehrl G Rry lpept¢tdyamsfebe
admi ni stered i proeeah DiHiGakotor rbillat hens, séyueasasahc adrdnd/stration (for

exanpl e i nhal at,i Vol 1 QT r &, ribed in U S Patent Nos.
5,346, 701 (Therégggfgqéiékgg aaé{ﬁgﬁdagébxsgngggﬁ whj ch are incorporated

herein by reference. e*@?ﬁ@?t%ﬁﬁ|%mp&8¥F§ch%ﬁﬁ%Htlﬁ%&PQ£ $6%be a PPAR aly
dual agoni s sdchibst A HABO24%ed Ast UaSZeheioalt, NEW 809BAB72, U.S.

K/UGJ aﬁo Vel | colrrehteAKBFie&r sl( Kyglrifls I\S/Ef(sk) paseN€INo. is vhosers, dblsgl osgdf by
rakam et al __" e tiz t gand for

Per oxi some Prollfergqy Qig 59%T§8§%e%eg?%§%§ %agfﬁgﬁﬁ Cﬁ %a) and PPAR
gama. EffectPéﬁeWPAR>aﬁpﬁ§5A&@3VE¥iéhsonAEQﬁﬂﬂaﬁ&PnLﬁ gl Nétabollsn1|n
Li ver of ZuckemoFatstyidfRatfd'ledDbahsieas 247, 19484 hod8d7s ( 199&8nhe wad in U. S

appl i cat i ongSeki @|52NP40 30 pQ%lf@?éed‘S%%e khLrd, Sepfepbefehfa %980, (attorney
file LA29NP) the disclosure.o

ated herein b reference,
enpl oyi ng dosag88 B ¥t YEEL1PRRT €ith © a\f/ﬁ‘l EE &%r?%’SUFId%athé"éﬁ gffted as
preferred are ppefierateibrfsor use her ei n.
All of the above U.S. Patents and applications are

incorporated herein by reference.

15 Most preferred MTP inhibitors to be employed in
accordance with the present invention include preferred
MTP inhibitors as set out in U.S. Patent Nos. 5,739,135
and 5,712,279, and U.S. Patent No. 5,760,246 as well as
implitapide (Bayer).

20 The most preferred MTP inhibitor is 9-[4-[4-[{2-
{2,2,2-Triflucrcethoxy) benzoyljamino] -1-piperidinyl]
butyl]} -N-(2,2,2-trifluorcethyl) -9H-fluorene-9-carboxamide

25 The hypolipidemic agent may be an HMG CoA
reductase inhibitor which includes, but is not limited
to, mevastatin and related compounds as disclosed in U.S.
patent No. 3,983,140, lovastatin (mevinolin) and related
compounds as disclosed in U.S. Patent No. 4,231,938,

30 pravastatin and related compounds such as disclosed in
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35 The other antidiabetic agent may be an SGT2 inhibitor such as
disclosed in U S. application Serial No. 09/679,027, filed Cctober 4, 2000
(attorney file - 22 LA49NP), which is incorporated herein by reference,
enpl oyi ng dosages as set out herein. Preferred are the conpounds
designated as preferred in the above application. 5 The other antidi abetic
agent which may be optionally enployed in conbination with the DP4
inhibitor of formula | nay be an aP2 inhibitor such as disclosed in US.
application Serial No. 09/391, 053é filed Se t enher g 99,. and U. S.
application SeF-& RBtetoMor92e7%e 4% -f FLB mt&ﬁ‘ B 2'0%1(? ESttorney file
LA27NP), which CDQPOhn@@rapDrdaEeéth@i gim Ub§ . reftemendes . ehplidyi’dg dosages as
set out hereing Reefetfied C}'%Jh%rth@sm@@a&l@té}&silﬂﬂab%rsa&hﬂbﬁfﬁ&}F ed in the

above appli catlonem ?%%e eepi_e nti zil%%tlg aaent \Q? ?pmﬂ;a%/d Q 15 optionally

enpl oyed in combi A3 fihi Br t or ‘may be a
gl ycogen phésptféPVPﬁ%@“ﬂhhl%sFéPse%ddhUa§ dF3 @ ¥s &8 - i v A3 56’/239384 VO
96/ 39385, EP 9748219ast MDA 2 @06rA3266,inND. 99/ BEB66], Nand ) ®6.Baveatd Nos.

5,952,322 and % 998, 463, HQ.99L266R9 ABLIEE0ALG68. BO-dhe naRyl i Li ni de

ich may optionally be' eml_qye in .c at i e conpound o
formula | of tHa®3tnBdht |%r?7ﬁa§9'f)e sr(%s%n??g %ré‘f%n\gteég é%l de (Novartis) or
KAD1229 ( PF/ Ki sgeivhstatih Mdpaghi fiakydesi pgspyrefadine NKTHE DP4 i nhi bit or of
formula | wigl | Jeceppkoysd v.&. BScéntwicght, o8t jgsot,oshbensmgl i tini de, PPAR y

agonist. PPAR 3l%a04a, e@% s%tsta§%T&d 2855 | Poc1BB2al HRIPISOT, OF
gl ycogen phosphorty ase thin the range from
Paten Q.

The squalene synthetase inhibitors suitable for

use herein include, but are not limited to, a-phosphono-

15 sulfonates disclosed in U.S. Patent No. 5,712,396, those
disclosed by Biller et al, J. Med. Chem., 1988, Vol. 31,
No. 10, pp 1869-1871, including iscoprenoid (phosphinyl-
methyl) phosphonates as well as other known squalene
synthetase inhibitors, for example, as discleosed in U.S.

20 Patent No. 4,871,721 and 4,924,024 and in Biller, S.A.,
Neuenschwander, K., Ponpipom, M.M., and Poulter, C.D.,
Current Pharmaceutical Design, 2, 1-40 (1996)}.

In addition, other squalene synthetase inhibitors

suitable for use herein include the terpenoid

25 pyrophosphates disclosed by P. Ortiz de Montellano et al,
J. Med. Chem., 1977, 20, 243-249, the farnesyl
diphosphate analog & and presqualene pyrophosphate {PSQ-
PP) analogs as disclosed by Corey and Volante, J. Am.
Chem. Soc., 1976, 98, 1291-1293, phosphinylphosphonates

30 reported by McClard, R.W. et al, J.A.C.S5., 1987, 103,
5544 and cyclopropanes reported by Capson, T.L., PhD
dissertation, June, 1987, Dept. Med. Chem. U of Utah,
Abstract, Table of Contents, pp 16, 17, 40-43, 48-51,
Summary.

35 Other hypolipidemic agents suitable for use herein
include, but are not limited to, fibric acid derivatives,

such as fenofibrate, gemfibrozil, clofibrate,
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about 0.01:1 to about 100:1, preferably fromabout 0.1:1 to about 10:1. 30
The hypol i pi dem ¢ agent or |ipid-nodul ating agent which may be optionally
enpl oyed in conbination with the conpounds of forrmula | of the invention
may include 1,2,3 or nore MIP inhibitors, HMG CoA reductase inhibitors,
squal ene synthetase inhibitors, fibric acid derivatives, 35 ACAT

I nhibitors, |ipoxygenase inhibitors, cholesterol absorption inhibitors,
ileal Na'/bile acid cotransporter i nhi bitors, upregulators of LDL receptor

activity, ATP ..23 at e dnhibitors, chales ter transfer
protein inhibitors, lB%%’acclq égs%léas T an llméibcﬁ‘-"o c'b%/ei rJn ®acid and

derivatives t hé’i‘é’E’FcoMﬂﬁq%HPBF?%ﬁ‘ §Wﬁﬂ69§da?f1é3rlélcﬁoﬁ¢|@lludéf TP 5
i nhi bi tors di sdlassed ¥am. U,874Patentprieucb]l 585 &Ehfibr&il Ratiagt No.

g ZBgtlﬁg U. g;g@g%??édhhnlg 4d2a 2, uegt§aﬁgfgﬁﬁﬂﬁa§bch %g §46 ?LJS
at en . nd | cation
Serial No. ogff‘}ﬁ Eé@% |€1“éidg%§ %ee‘?haé’ﬁ ? Blﬁdw P&l Ss4igRE) NepS 10
5,962, 440. Pr ef'elileds at passehibf (Kﬂ@epti’@flécm@d MiBaij BHIAHS drs Wi scl osed in
each of the abeubspaterdds e&ﬂdnoﬁzﬂﬁhlriec@%&‘@ﬂ§t1‘/g)| ohatbei @hewe kb , Patents

and appl i catloQgtgggydlL%% gggﬁeprlhﬁrel R b masectahy Ree 15 Most preferred

MIP i nhi bitors %8 accdr danc resent invention
i ncl ude pref er © rYi‘vﬁ*Fp ’ﬁ’rﬁ Bﬁf"ar fefhegd et th‘BOCF'rfFlEJdSXthE effenfps. 5, 739, 135
and 5, 712, 299, saislokh 5. ABamenbtdNoAJ B126Qa2dberes deelil-ambve)i,npl i t api de

(Bayer). 20 Theemesbmpie! @unetoP, idiiblt 85435 Iakdr{4id [Fanania
CL-277,082 and CL-283,546 (disubstituted urea
derivatives), nicotinic acid, acipimox, acifran,
neomycin, p-aminosalicylic acid, aspirin,

15 poly(diallylmethylamine} derivatives such as disclosed in
U.S. Patent No. 4,759,923, quaternary amine
poly(diallyldimethylammonium chloride) and ionenes such
ag disclosed in U.S. Patent No. 4,027,009, and other
known serum cholesterol lowering agents.

20 The other hypolipidemic agent may be an ACAT
inhibitor such as disclosed in, Drugs of the Future 24,
9-15 (1999}, (Avasimibe); “Ths ACAT inhibitor, C1-1011 is
effective in the prevention and regression of aortic
fatty streak area in hamsters”, Nicolosi et al,

25 Atherosclerosis (Shannon, Irel). {1998), 137(1), 77-85;
*The pharmacological profile .of FCE 27677: a novel ACAT
inhibitor with potent hypolipidemic activity mediated by
selective suppression of the hepatic secretion of
ApoBl00-containing lipoprotein”, Ghiselli, Giancarlo,

30 Cardiovasc. Drug Rev. {(1998), 16(1), 16-30; “RP 73163: a
bioavailable alkylsulfinyl-diphenylimidazole ACAT
inhibitor”, Smith, C., et al, Biocorg. Med. Chem. Lett.
(19%6), 6{(1), 47-50; “ACAT inhibitors: physiclogic
mechanisms for hypolipidemic and anti-atherosclerctic

35 activities in experimental animals”, Krause et al,
Editor{s): Ruffolo, Robert R., Jr.; Hollinger, Mannfred
a., Inflammation: Mediators Pathways (1995), 173-98,
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(2,2,2-Trifluoroethoxy)benzoyl] am no]-1-piperidinyl]
butyl]-N-(2,2,2-trifluoroethyl)-9Hfl uorene-9-carboxam de Nom\cF, cF3 CH
O ~N H 25 The hypoli pidem ¢ agent may be an HMG CoA reductase inhibitor
whi ch includes, but is not limted to, nevastatin and rel ated conpounds as
disclosed in U S. Patent No. 3,983,140, lovastatin (nmevinolin) and rel ated
conpounds as disclosed in U S. Patent No. 4,231,938, 30 pravastatin and
rel at ed conmpounds such as disclosed in 24 U S. Patent No. 4, 346, 227,
sinmvastatin and related conpounds as disclosed in U S. Patent Nos.
4,448,784 and PuEghey1 CREh&oCcRAMVRAGYN rFdduct SR@T Arhbbierss whi ch may be
errpl oyed her ei npdtghude, abid - e roetldidiilcedgbmr s’y Bhuypstiad igdt, adi scl osed

in U S. Patent Ng- 5 4, Gl asf 6'11 0s Patent Nos.
5, 006,530 and b5, f??pléé(‘) g%%%rv{ggta fcail%)scﬁose % hggl‘gja ent Nos.

4,681, 893, 5, 27F¥dgEoR 5°f3%’5€5§:?§°&n8 3C36]86trf6ﬁ eraa‘%ea\/&‘s?f‘
(N| ssan/ Sanléyo ynrcimrdssaeral oilic- 264)ys 16 -di Sbe¢ oSewsti watbzs-Sd?aitbént No.

5,011, 930, Shi qmﬂi 1nﬁ§5i@élZ%Q@lale§@5§é§u|lati@‘a@iaZ')it§‘| sclosed in US.
Patent No. 5,260,.4 J.to-J!:Qeo aﬁua 1€Re s%(lqépestt%sgll I’lrplll?:l tor sui table for use
her ei n i ncl ude, rb e’ THono u?sf onat es

di scl osed in U. B‘*Cpﬁét eﬁt IRE)VEI@PWEEt%% atsr%éésd?%csl%éélt‘b‘;ﬁ%lﬂ 1ler et al, J.

Med. Chem, 198&henyal-N'31{1-pienylQycpipeiyq) d8FHyllivrekudvitgh i sopr enoi d

(Phosphi nyl 1 el i )RRORPBOARIES a3 YE c Bscbhiep kaewn: saualene
Chemtyracts: Org. Chem. {1995), 8(6), 359-62, or TS5-962
{Taisho Pharmaceutical Co. Ltd}.

The hypolipidemic agent may be an upregulator of
LD2 receptor activity such as MD-700 {Taisho

15 Pharmaceutical Co. Ltd) and L¥295427 {(Eli Lilly).

The hypolipidemic agent may be a cholesterol
absorption inhibitor preferably Schering-Plough's
SCH4B8461 as well as those disclosed in Atherosclerosis
115, 45-63 {(1995) and J. Med. Chem. 41, 973 (1998).

20 The hypolipidemic agent may be an ileal Na'/bile
acid cotransporter inhibitor such as disclosed in Drugs
of the Future, 24, 425-430 (1993).

The lipid-modulating agent may be a cholesteryl

ester transfer protein {CETP) inhibitor such as Pfizer’s
25 CP 529,414 (WG/0038722 and EP 818448) and Pharmacia’s SC-
744 and SC-795. -

The ATP citrate lyase inhibitor which may be
employed in the combination of the invention may include,
for example, those disclosed in U.S. Patent No.

30 5,447,954,

Preferred hypolipidemic agents are pravastatin,
lovastatin, simvastatin, atorvastatin, fluvastatin,
cerivastatin, atavastatin and ZD-4522.

The above-mentioned U.S. patents are incorporated

35 ‘herein by reference. The amounts and dosages employed
will be as indicated in the Physician's Desk Reference

and/or in the patents set out above.
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synt hetase inhibitors, for exanple, as disclosed in U S. 20 Patent No.

4,871,721 and 4,924,024 and in Biller, S. A, Neuenschwander, K., Ponpipom

MM, and Poulter, C.D., Current Pharmaceutical Design, 2, 1-40 (1996). In

addi tion, other squal ene synthetase inhibitors suitable for use herein

i nclude the terpenoid 25 pyrophosphates disclosed by P. Otiz de Mntell ano

et al; J. Med. Chem, 1977, 211, 243-249, the farnesyl diphosphate anal og

A and presqual ene pyrophosphate (PSQ PP) anal ogs as discl osed by Corey and

Vol ante, J. Am Che Soc 1976, a8 1291- 1293, phosphi nyl phosphonat es 30

reported by MO ard, RWCBPEPIS o0 fergula bt the snvension gyl

cycl opr opanes r’@p&"@éé}'%‘? Capsoright [zatiPhbr thes Swpbalp ddeniluagend 987,

Dept. X I\/E\g ChemweldeObrblaty ) | AltishiéiCihe Tahbe plfom%glgta%o AP 16, h17 40- 43,
- unmar y. t, agent.s Itabl e or use erel n

i ncl ude, butS araé}oﬁlgtgl ?&S B%QQE&B%P%@IO%%E %elfq%v tl?/e%b

fenofi brate,” genfi broZP¢, dQﬁeoFPB}%%FéZEKEdZE}US%ézqifdpgﬁélgbly @dpngtﬁcﬂ)rat e,

clinofibrate arﬁd:cphrélhgkm ager, obetgitt, aaddcoedadietch eenpmlmlaﬁtdl§§l osed in

U.S. Patent Naeid, 534&@@o&@ogycﬁm@n@tgsawr%gg{9 pererred, bile
acid sequestrants .such a(; hoI est%/i m ne col'esti po E- Sephadex
(Sechol ex, Pol i'cexige)" SnEPFL I’ieﬁb"s]'{:abl I (Rhone PouI enc), Eisai

E- 5050 (an N- substl t T dlamelyan ot red fremddat ierts \fe), thersmimoilipf #SE402) ,
t et rahydr olli0pstagtent ¢TH. )be iast dgs@Ed Ay liphese phanivl.sheti e s( 2RE, Roche),
am nocycl odext I‘ép?,:LQIQQ% gc§gjs j)kdtggv A inonoto AJ-814 (azul ene

[ an

derivative), nam de m ono doz 58-035, Anerican Cyanamd
he osages and formulations for the other

hypolipidemic agent to be employed, where applicable,
will be as set out in the latest edition of the
15 Physicians' Desk Reference.

For oral administration, a satisfactory result
may be obtained employing the MTP inhibitor in an
amount within the range of from about 0.01 mg/kg to
about 500 mg and preferably from about 0.1 mg

20 to about 100 mg, one to four times daily.

A preferred oral dosage form, such as tablets or
capsules, will contain the MTP inhibitor in an amcunt of
from about 1 to about 500 mg, preferably from about 2 to
about 400 mg, and more preferably from about 5 to about

25 250 mg, one to four times daily.

For oral administration, a satisfactory result may
be obtained employing an HMG CoA reductase inhibitor, for
example, pravastatin, lovastatin, simvastatin,
atorvastatin, fluvastatin or cerivastatin in dosages

30 employed as indicated in the Physician's Desk Reference,
such as in an amount within the range of from about 1 to
2000 mg, and preferably from about 4 to about 200 mg.

The squalene synthetase inhibkitor may be employed

in dosages in an amount within the range of from about 10
35 mg to about 2000 mg and preferably from about 25 mg to
about 200 mg.
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CL-277,082 and CL-283,546 (disubstituted urea derivatives), nicotinic

aci d, acipinox, acifran, neonycin, p-amnosalicylic acid, aspirin, 15

pol y(di al I yl met hyl am ne) derivatives such as disclosed in U S. Patent No.
4,759, 923, quaternary am ne poly(diallyldinethylammoniumchloride) and

I onenes such as disclosed in U S. Patent No. 4,027,009, and other known
serum chol esterol | owering agents. 20 The ot her hypolipidem c agent may be
an ACAT inhibitor such as disclosed in, Drugs of the Future 24, 9-15
(1999), (Avasim be); "The ACAT inhibitor, Cl1-1011 is effective in the
prevention and regres$i prebdriest prel degage Serealcumheasi maliatst ers”,

Ni col osi et al,cafsAtler 05Tl efcagiasn( ShariMen cohl 8dducted898dnitidbelyn 77- 85;

"The phar Mool ogl Galo Ok L AlouECE, 216/ Locfe NOYE AR LAY Lot L

pot ent hypol i pi dem c, act I VI ty i at ed sel ec Tessi‘on of the

hepatic secr et i ¥PHH AﬁBBi‘B‘@“c@r?t Eﬁnl?fbdl“ioﬁﬁp?ﬁ%fe‘?rﬁbly F%‘EI%"?O“tGlﬂncarl 0,
30 Cardi ovast. O apomev40(d998), 16(1), 16-30; "RP 73163: a bioavailable

al kyl sul finyl - di phenyhi pt-éazsle AQé\T ac'sam_;l b%&a" ,su%lm rab td{bret@t o2l , Bioorg.

Med. Chem Lett 996 ( . "ACAT i |

mechani sns for 'f‘nﬁ%‘\ Pi (%\%nf)ccc)an{ﬁC i, hé at u@rlgg?:ls btt a§§ g@%ﬁ%tles in
experi nent al anitheats'amoRpRURE félomanOUtEdllOt GP(%B’OUWOF‘@ Rod@ErebRy, Jr.
Hol I i nger, Mannfred abAut pefdanmmetitomoo Medi at ors Pat hways (1995), 173- 98

26 Publishgy: CRC, Bggg gi?ﬁan,hygbgl ﬁ&%T FQJ@& By 5§so d&@éjnt'a'

anti-atherosclerotic agents’ OVI C (1994),
1(3), 204-25; "HHPwEe F§eo’f“h’é’&ﬂ’rd)‘}f]di‘f’dlngs?e’r%ﬂl@oéé'ﬁni‘srean‘é‘fserase

(ACAT) as LO) inhibitor such as benzimidazole derivatives as
disclosed in WO 97/12615, 15-LO inhibitors as disclosed
'in WO 97/12613, isothiazolones as disclosed in

15 WO 96/38144, and 15-LO inhibitors as disclosed by
Sendobry et ‘al “Attenuation of diet-induced
atherosclerosis in rabbits with a highly selective 15~
lipoxygenase inhibitor lacking significant antioxidant
properties”, Brit. J. Pharmacology (1997) 120, 119939-1206,

20 and Cornicelli et al, “15-Lipoxygenase and its
Inhibition: A Novel Therapeutic Target for Vascular
Disease”, Current Pharmaceutical Design, 19%99%, 5, 11i-20.

The compounds of formula I and the hypolipidemic
agent may be employed together in the same oral dosage

25 form or in separate oral dosage forms taken at the same
time.

The compositions described above may be
administered in the dosage forms as described above in
single or divided doses of one to four times daily. It

303 may be advisable to start a patient on a low dose
combination and work up gradually to a high dose
combination.

The preferred hypolipidemic agent is pravastatin,
simvastatin, lovastatin, atorvastatin, fluvastatin or

15 cerivastatin.

The other type of therapeutic agent which may be

optionally employed with the DP4 inhibitor of formula I
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5 hypochol esterolem c agents. 6. The first water-sol uble ACAT inhibitor
with lipid-regulating activity. Inhibitors of acyl-CoA: chol esterol
acyltransferase (ACAT). 7. Devel opnent of a series of substituted N
phenyl - N -[ (1- phenyl cycl opentyl ) nmet hyl Jureas with 10 enhanced

hypochol esterolem c activity", Stout et al, Chentracts: Og. Chem (1995),
8(6), 359-62, or TS-962 (Taisho Pharmaceutical Co. Ltd). The hypoli pi dem c
agent may be an upregulator of LD2 receptor activity such as MD 700

(Tai sho 15 Phargagasd izGab, G9. o\l i) <298 %Y%%QQZZbégﬂar !a'cn;%ll%.)incl-mﬁn

hypol i pi dem ¢ agetr)létég% ge a chol esterol agsorgtlp A nhibitor pre?erabl y
Scheri ng- Pl ough®s BB I e PPORES t hSs e 1BPET I GYEEFAT Ather oscl er osi s
115, 45-63 (199%§rehmhil (med dufisannellre\@r3ke]998)bit2d, Thetinyppdld pi demi ¢
agent may be anréd@forNpetdiddig,aehdak®tdANTPaEERE ddaYobi LOfaslch as

di scl osed ins Drygs; Qfig 4, _425-430 (1999). The I|i pid-nodul ating
agent may be a chol é)stle%EFOEg}sp%%u%%g%gf er protein (CETP) inhibitor such as
Pfizer's 25 CP 529, /4% 0D REEEPeIFC PGS 4B ighdePhRenaci a' s SC 744

and SC-795. ThecitTiRrgililyaeep lgsasie innbedih ireat iwhi ehthray cbepoemplatyed in t he
combi nation of E@ﬂndl'&VthggrbéT%Bkﬁ(ﬂ Uilfedal/Bhif )€, Lybesgs di sclosed in
U.S. Patent No. , 30 447,954, . Pref ed hypolipidem c agents are

| Gk R SRR e o PRES ey B BPhEY o BaT A

pravastatin vastatin, _ _
cerivastati W0 aReRmHdtat PR &HRF1ZBe4522 U Fhe Pabove-Namt Sohed. 206, patents are
I ncor porated 35, har,&iis, by, 4ef anence, 77h&samadat s, aa] 0desages enpl oyed

AJ3677, L750,355 and CP331648 being preferred.

The lipase inhibitor which may be optiocnally

employed in combination with a compound of formula I may
I5 be orlistat or ATL-962 (Alizyme), with orlistat being
preferred.

The serotonin (and dopoamine} reuptake inhibitor
which may be opticnally employed in combination with a
compound of formula I may be sibutramine, topiramate

20 {Johnson & Johnson) or axcokine {(Regenercn), with
sibutramine and topiramate being preferred.

The thyroid receptor beta compound which may be
opticnally employed in combination with a compound of
formulia I may be a thyroid receptor ligand as disclosed

25 in W097/21993 (U. Cal SF), W099/00353 (KaroBio) and
GB98/284425 {KaroBio), with compounds of the KaroBio
applications being preferred.

The anorectic agent which may be optionally
employed in combination with a compound of formula I may

36 be dexamphetamine, phentermine, phenylpropanclamine or
mazindol, with dexamphetamine being preferred.

The fatty acid oxidation upregulator which may be
optionally employed in combinaticon with the compound of
formula I can be famoxin {Genset).

35 The various anti-obesity agents described above may

be employed in the same dosage form with the compound of
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will be as indicated in the Physician's Desk Reference and/or in the
patents set out above. - 27 The conpounds of fornula |I of the invention
will be enployed in a weight ratio to the hypolipidem c agent (were
present), within the range from about 500:1 to about 1:500, preferably
fromabout 100:1 to about 1:100. 5 The dose admi nistered nust be carefully
adj usted according to age, weight and condition of the patient, as well
as the route of admnistration, dosage form and reginen and the desired

result. The dosggg& nq ggrwlcﬁtflfggg éoéostcf%% ?Xfms, msc%_y%SC adgent wi |

be as disclosed in the various patents an I'cat'ions (f8¥ed above.
The dosages andr?%’rf‘iﬁﬂsalaﬁo%n?liﬁl1f>’hl§n‘6‘t'fhe1rn tﬁ?pﬂﬁ pirdéni Ehagdit- to be
enpl oyed, where appl iTablieferni1itbagast séiicdutmal nbé heptliahasiyedi ti on of

the 15 Physi ci mmklaeé&nmpaeemgo&lm UnegF) M AHEALLOMNE A pmAL T sTactory
result may pe obtalnede %gl 6 he NrI'Pln | n an, anmount wthin
I’kg’t

to
the range of” fron A5G U 8r HHSuf 56%)“?7‘(5’!’5&8 GrEfr%ably from
about 0.1 ng 20(Ebmsi®ut Ay{?@tnﬁ) demnpgr fpuinet mreglalkd | {ParAogetPerred oral

dosage form susdvas isabieks analo@@DSﬂlh;Bﬁon wirhb mxaim BQ@aMle i nhi bi tor
i n an anount OfDdﬁJ qQm gbqg% 3?8%&5:.5%% rp% g m about 2 to
era 8 5

about 400 ng, nor e outg 0 ng, one to
four times daily® 1‘?’—}1)r'“aé)’r 2F %{Eﬂﬁq?(eélt &aﬁwnta §%?‘F’sﬁ’é‘@t oPytheskiR- may be
obt ai ned enmpl oyi ng arrHdVidg€os fadygeilgsest hhidviatrgr syrddromee wairph epay

pravastatin, |OMﬁﬁkﬁﬁbﬂaliymﬁﬁﬁk@EHnin combination with the DP4
inhibiteor of the invention may be 1, 2, or more of
gonadotropin releasing hormone (GnRH), leuprolide
{(Lupron®), Clomid®, Parlodel®, oral contraceptives or
15 insulin sensitizers such as PPAR agonists, or other
conventional agents for such use which may be employed in
amounts specified in the PDR.
The agent for treating growth disorders and/or
frailty which may be optionally employed in combination
20 with the DP4 inhibitor of the invention may be 1, 2, or
more of a growth hormone or growth hormone secretagogue
such as MK-677 {Merck), CF-424,39%1 (Pfizer}), and
compounds disclosed in U.S. Serial No. 09/506,749 filed
Februaxry 18, 2000 (attorney docket LAZ26), as well as
25 selective androgen receptor modulators {SARMs), which is
incorporated herein by reference, which may be employed
in amounts specified in the PDR, where applicable.
The agent for treating arthritis which may be
optionally employed in combination with the DP4 inhikitor
30 of the invention may be 1, 2, or more of aspirin,
indomethacin, ibuprofen, diclofenac sodium, naproxen,
nabumetone (Relafen®, SmithKline Beecham), tolmetin
sodium (Tolectin®, Ortho-McNeil), piroxicam {Feldene®,
Pfizer}, ketorolac tromethamine (Toradol®, Roche),
35  celecoxib {Celehrex®, Searle), rofecoxib (Vicxx®, Merck)
and the like, which may be employed in amounts specified
in the PDR.
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atorvastatin, fluvastatin or cerivastatin in dosages 30 enpl oyed as

I ndicated in the Physician's Desk Reference, such as in an anmount within
the range of fromabout 1 to 2000 ng, and preferably from about 4 to about
200 ng. The squal ene synt hetase inhibitor may be enployed in dosages in an
anount within the range of fromabout 10 35 ng to about 2000 ng and
preferably fromabout 25 ng to about 200 ng. 28 A preferred oral dosage
form such as tablets or capsules, mﬁll contain the HMG CoA reduct ase

i nhi bltor in an amoynt from ahout about 100 referably from
about S to about 80 ﬁﬁve%’a‘j"ﬁg 8‘:"?)?%‘7 eﬁtpé"bPier?‘b?ﬁ”gbgg{mgﬁa £%5 to about 40

mg. A pref erredrgtidostyd fosnlasiatiicassuabl at syoglospapisul es Wil | contain
t he squal ene sygHrehaSHe i NRIVAIE 9F) la&a@nlaﬂpm qumhf@m aloWh 40 to about

500 ng, pref er%tﬁot&é:?ﬂ%%&}t b§50[5tfio%1399% 19 Them%tafger

hypol i pi demic agent na Se nhfLB| "Rl i ng a

15-1i poxyger?asé‘“(ti‘S thEd?P‘? er‘IhBPf*B‘Fr ﬁhésl’b‘é?fkqﬁﬂndafm@d‘@ﬁ Yatives as
di scl osed i n WerpAb¥28156n dnpubCsi sgrdiiftiedsimstii $ORosed in WO 97/ 12613,

i sot hi azol ones as di s:%oéﬁeilddmlégm%!@%éémﬁ@ al.éo':rQnur‘i@' bitors as

di scl osed by nsoéobr% et aI ) {1/ [J'! di et-.i nduced her oscl erosi s
in rabbits with & RCghl o SePEFite Ci SBQWeﬁggelT'ﬂ‘hn%ﬁ afgEXi ng

si gni fi cant antqlc%aaaﬁtsu‘}’# G‘Geiltlp‘e‘s"erYBhiEFat@lﬁ?ha’ﬁﬁEe@ﬂfgy £01997) 120

1199- 1206, @0 anchmpReni £eddHiopkind, InkarkhpoxyOipdsepBadidd,s Nshobsbition: A

Novel Therape‘Jtéu%fTéfigfﬁuHerXaSE&Lazr ik BEASEs s U LENG; Fharggeeuti cal
Desi gn, 1999 1
de lebrex, glucocerticoids and hydroxychlorogquine, may be

opticnally employed in combination with the DP4 inhibitor
of the invention, which may be employed in amounts
15 specified in the PDR.
The AIDS agent which may be optionally employed in
combination with the DP4 inhibitor of the invention may
be a non-nucleoside reverse transcriptase inhibitor, a
nucleoside reverse transcriptase inhibitor, a protease
20  inhibitor and/or an AIDS adjunct anti-infective and may
be 1, 2, or more of dronabinocl (Marinol®, Roxane Labs),
didanosine (Videx®, Bristol-Myers Sguibb), megestrol
acetate (Megace®, Bristel-Myers Squibb), stavudine
(Zerit®, Bristol-Myers Squibbj}, delavirdine mesylate
25 (Rescriptor®, Pharmacia), lamivudine/zidovudine
{Combivir™, Glaxo}, lamivudine {Epivir™, Glaxo),
zalcitabine {Hivid®, Roche), zidovudine {Retrovir®,
Glaxo), indinavir sulfate ({(Crixivan®, Merck), sagquinavir
{Fortovase™, Roche), saquinovir mesylate {Invirase®,
30 Roche), ritonavir {Norvir®, Abbott), nelfinavir
(Viracept®, Agouron).
The above anti-AIDS agents may be employed in
amounts specified in the PDR.
The agent for treating inflammatory bowel disease
35 or syndrome which may be opticnally employed in
combination with the DP4 inhibitor of the invention may

be 1, 2, or more of sulfasalazine, salicylates,
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The conpounds of fornula | and the hypolipidemc agent nay be enpl oyed
together in the sane oral dosage 25 formor in separate oral dosage forns
taken at the sane tine. The conpositions described above may be

adm nistered in the dosage forns as descri bed above in

doses of one to four tines daily. It 30 may be advisable to start a

on a | ow dose

conbi nation" and work up gradually to a high dose

conbi nati on. The preferred hypolipidem c agent is pravastatin,
sinvastatin, lovastatin, atorvastatin, fluvastatin or 35 cerivastatin. The
ot her type of tdwersdpeite c(Fgeril@hipeh) nay dzdmaoft,i dhaldnwlempkoyed With the
DP4 i nhi bi t or cqucl@bm'” @nich 23y EEYerpﬁlo]yedza.n?’ar%ur{E%r 8pff; AN ANt - obesity

agent |nclud|n
serotonin (and

cﬁ)pg ';]%3? dr%g%rg xﬁ%w |’Ino?Lé |i pase |nh| bitor, a

singl e or divided

pati ent

athyroid receptor beta drug,

an anorectic agent arfdeopgant afqry t5eaé’rl%9 @ﬁ@&??ﬁ?ﬁlﬁpﬂ@g’ﬁha@@?.bﬂhe beta 3
adr energic afgorti,;s:tiowauw amyldied eptcandlday ieapkiyted henpeoriviatiker With a

conmpound of

or CP331648 (Pf | ze goni st s I scl osed

5, 5Ly (FogameuP 6 fiprek., 4’911‘1@3f4°“a837’7%’<@81§a®an§a§?ﬁ3%3, 064, with
HDigrafd/® e®sCTherdipageneniCbi t or whi ch
GAIRKhNALY Ak WnfphogegOfPRMRAREE fornula | may

Pat ent Nos. 5,

AJ9677, L750, 355 iahdn€P33d txtBlilne
may be opti onal hé/vm%%’@ oy,@g

15 be orli s}@t

15

20

30

35

A*T‘
or %ge) with orlistat being

pe01 the

In carrying cur the method of the invention, a
pharmaceutical composition will be employed containing
the compounds of structure I, with or without another
antidiabetic agent and/or cther type therapeutic agent,
in association with a pharmaceutical vehicle or diluent.
The pharmaceutical composition can be formulated
employing conventiocnal solid or liquid vehicles or
diluents and pharmaceutical additives of a type -
appropriaté to the mode of desired administration. The
compounds can be administered to mammalian species
including humans, monkeys, dogs, etc. by an oral route,
for example, in the form of tablets, capsules, granules
or powders, or they can be administered by a parenteral
route in the form of injectable preparations. The dose
for adults is preferably between 10 and 1,000 mg per day,
which can be administered in a single dose or in the form
of individualrdoses from 1-4 times per day. .

A typical capsule for oral administration contains
compounds of structure I (250 mg), lactose (75 mg) and
magnesium stearate (15 mg). The mixture is passed
through a 60 mesh sieve and packed into a No. 1 gelatin
capsule.

A typical injectable preparation is produced by
aseptically placing 250 mg of compounds of structure I
into a vial, aseptically freeze-drying and sealing..  For

use, the contents of the vial are mixed with 2 mL of

gk %%&gGEZ £TazkeQ§/J98+é“qfkp%@LndH 55 (Merck),
rl’B or otrh 10 a

in U S.



preferred. The serotonin (and dopoam ne) reuptake inhibitor which my be
optionally enployed in conbination with a conpound of fornmula I may be

si butram ne, topiramate 20 (Johnson & Johnson) or axokine (Regeneron), wth
si butram ne and topiramate being preferred. The thyroid receptor beta
conpound which may be optionally enployed in conbination with a conpound
of formula | may be a thyroid receptor ligand as disclosed 25 in

W97/ 21993 (U Cal SF), v099/00353 (KaroBi 0) and (GB98/284425 (KaroBio),

W t h conpounds gl& OKaro 9.158RP gcathﬂé:bgln éfr%f%rred The anorectic
agent which mayp optléﬁa Y enpl Y Conbi hiation Wth a conpound of
formula I may E%PH%?aééRanphetanlne phent er m ne, phenyl propanol am ne or
mazi ndol, with dexaﬁnﬂ&taﬂhﬂﬁlbﬁin@m@bef¢r¢ﬁdimThem§@kk$ a€i dnoxi dati on

upregul at or whi fnthFPc)iermaQPAé Qﬂﬁ k%;ﬁé@'b@%@e' Be CAMINQL L pY a\’!st h the

compound of _formula I pean ntl-obe5|ty
agents descrl be® v &PAE) mEE?esuéﬁfil BE%CP?tr?r‘ttﬁété(é’Pmogegg E Jo?r}n% th the
conpound of - B®Y. t Ibibitbor comstantds f fidr eptudesdpe toenBY4i n dosages and

regi nens as gengfirlyiftokBovn dHk tikQeat to®mdynbkh@e M inedhayi tiertility
agent which naymgk thlonalégjggﬁloyed I n conbination with the DP4

I nhi bitor of the ﬁ&gﬁ I'on may “Pe 1, 2, or nore of clom phene citrate

(A omd(r), Aventis) , bronocriptine nesylate (Parl odel (r), Novartis), LHRH

anal ogs, Luptonp¢didRdaitasm 9f Haranel Dipdparicdyli Pep¥iSkef IV, progest ogens or

gl ucocorti coi ds, Porcine enzyme was purified as previously described
{1), with several modifications. Kidneys from 15-20
animals were obtained, and the cortex was dissected away
and frozen at -80°C. Frozen tissue (2000 -2500 g) was

15 homogenized in 12 L of 0.25% M sucrose in a Waring
blender. The homogenate then was left at 37°C for 18
hours to facilitate cleavage of DP-4 from cell membranes.
After the cleavage step, the homogenate was clarified by
centrifugation at 7000 X g for 20 min at 4°C, and the

20 supernatant was collected. Solid ammonium sulfate was
added £o €0% saturation, and the precipitate was
collected by centrifugation at 10,000 X g and was
discarded. Additiconal ammonium sulfate was added to the
supernatant to 80% saturation, and the 80% pellet was

25 collected and dissolved in 20 mM NaHPO,, pH 7.4.

After dialysis against 20 mM WapHPO,, pH 7.4, the

preparation was clarified by_centrifugation at 10,000 X
g. The clarified preparation then was applied to 300 mlL
of ConA Sepharose that had been equilibrated in the same

30 buffer. After washing with buffer to a constant Az
the column was eluted with 5% (w/v) methyl a-b-
mannopyranoside. Active fractions were pooled,
concentrated, and dialyzed against 5 mM sodium acetate,
pH 5.0. Dialyzed material then was flewed through a 100

35 mL Pharmacia Resource S column equilibrated in the same
buffer. The flow through material was collected and

contained most of the enzyme activity. Active material
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whi ch may be enployed in anobunts specified in the PDR 10 The agent for

pol ycystic ovary syndronme which may be optionally enployed in conbination
with the DP4 inhibitor of the invention nay be 1, 2, or nore of
gonadotropi n rel easi ng hornmone (GhRH), |euprolide (Lupron(r)), Cdomd(r),
Par | odel (r), oral contraceptives or 15 insulin sensitizers such as PPAR
agoni sts, or other conventional agents for such use which may be enpl oyed
in amunts specified in the PDR The agent for treating growh disorders

and/or frailty which ARhti.ana | gyed. i.n nmbj nat i 20 with
the DP4 inhi bi t%érl\@lon? wtaggx?ﬁ‘geent i 5%9%%%“21%?}’ 288 Jo“rt"rr%?ae'"%f‘@%z”%gw%‘ hor mone
or growth hornohe® sedPethfoddts SSHERNEERNIK 67 7YTMEFSK Fh & OPa UgTr a9 td

(Pfizer), and eompdbadsadiszd-@9€dgeh {118 raSénh atoNmn 09/ béfovedd 1Lkl ed
Febru?ry 18, f0&6&éﬁﬁ&higﬁgygmkxa@aﬁahfﬁgabS_asowqueg%hg§1§ﬁﬁgctiv$ andr ogen
receptor no . , ich i i ncorporated herein r ef erence,
whi ch may bgyeﬁ%%%éééﬁsiﬂa%ﬁ%ﬁhygegpé%i?ﬁéﬁlﬁﬂ ?%%gﬁﬁﬁf #here&ppl i cabl e.
The agent for t¥EF@ASthGrartins i"erghPen! sthypndecongrritonsktly ehptidyied in
conbi nati on wi téndhe R4 sndida tiar 2080y 0fcelrbe dtvaaegcon may be 1, 2, or
nore of aspirin, indomethacin, ibuprofen, diclofenac sodium naproxen,

nabunmet one (Rel fen(r%, Sm t hKLi ne quchan) tolnmetin sodium (Tol ectin(D,
Ot ho- MeNei | ), %sraérxf’ aRPY BRS BABEP F1dY pEeptigase divor ol ac t r omet hani ne

(Toradol (r)10 Roche), E33ywmel exodssal€d| eitoax (tpadBeardte) contdf BooXials
(Vioxx(r), NbrCﬁ@evﬁ%ﬂdl§h§éédﬂ@%ed“@ﬁPrhﬂﬂﬁyg@?—ﬁ%ﬁﬂﬂlﬁggrbﬂnfqﬁﬁén%g speci fied
'nthe PDR - 3L, Co0yYent onalenaoent 5,400y RESYENI 19,3l ograft,
contained, in a final volume of 100 upl, 100 mM Aces, 52
mM TRIS, 52 mM ethanolamine, 500 uM gly-pro-p-

15 nitroanilide, 0.2 % DMSO, and 4.5 nM enzyme at 25°C, pH
7.4. For single assays at 10 uM test compound, buffer,
compound, and enzyme were added to wells of a 96 well
microtiter plate, and were incubated at room temperature
for 5 min. Reactions were started by addition of

20 substrate. The continuous production of p-nitroaniline
was measured at 405 nM for 15 min using a Molecular
Devices Tmax plate reader, with a read every 9 seconds.
The linear rate of p-nitroaniline production was cobtained
over the linear portion of each progress curve. A

25 standard curve for p-nitroaniline absorbance was obtained
at the beginning of each experiment, and enzyme catalyzed
p-nitrecaniline producticen was quantitated from the
standard curve. Compounds giving greater than 50%
inhibition were selected for further analysis.

30 For analysis of positive compounds, steady-state
kinetic inhibition constants were determined as a
function of both substrate and inhibitor concentration.
Substrate saturation curves were obtained at gly-pro-p-
nitroanilide concentrations from 60 puM to 3600 uM.

35 Additional saturation curves also were obtained in the
presence of inhibitor. Complete inhibition experiments

contained 11 substrate and 7 inhibitor concentrations,
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rejection in transplantation such as cyclosporin, Sandi mmune (Novartis),
azat hioprine, Immuran (Faro) or netFTbtrexate nmay be optionally enpl oyed
in conmbination 5 with the DP4 inhibitor of the invention, which may be
enpl oyed in anmounts specified in the PDR.  Conventional agents for treating
aut oi mmune di seases such as multiple sclerosis and i mmunonodul at ory
di seases such as |upus erythematosis, psoriasis, for 10 exanpl e,
azat hi opri ne, Imruran, cyclophospham de, NSAI DS such as ibuprofen, cox 2
inhibitors such as Vioxx and Cel ebrex, glucocorticoids and o
hydr oxychl or oqtiithe, tEEBL is@teopt t DFEINAF L8RPl FEFSi R1_bi ndPFoR %Wt h t he DP4
i nhi bitor of tvheadinyehihibntowhiwithrgys bessnpheyeZll ind, ambaneszyite speci fi ed
in the PDR The ALDS: agent, Wak ChedR%EaDe. 0Pt 4 analahy el yed ciifes CcOMbi nati on
with the DP4 inhibitor of tdhﬁ |?2\é0ent_| on gaée/ dbea%agg{gn colmegls]!ade reverse
transcriptase FRRPbIROFS258Y ffict 2blide r BURTEE FFARSEY i i BsE T nhibitor, a
prot ease 205i nhhbeeorlafrl veranf DS 4¢j thetampivPriatecduréiandtomy be 1,
2, or nore of drenabi ashpdthVBEiapl{dncomBexanerd als hncompetanasitne (Vi dex(r),
Bristol - Mers HHISLQP% fregestrol acetate (Megace(r), Bristol-Mers
Squi bb), stavudi ne %Oer'i t(r), Bristol-Mers Squibb), delavirdine nesylate
25 (Rescriptor(r), Pharmacia), |am vudine/zidovudine (ConbivirTM d axo),
| am vudi ne (EpivirTM(13 axadifelzal ¢i tathurgogbkvi d{.-rr) FaRethe).. zi dovudi ne
(Retrovir(n), nEL.BXeY., d1@hNaxi | 4 Hales( Ol xivan{ raiolNerceky. , saqui navir
(FortovaseT", RochezS saqui E%Ii r rgfa_sj)ilgat e (Invirase(r), 30 Roche),
ritonavir (NorVPPPF) HBHot £Y <  neltimavir (Viracept(r), Agouron). The
above anti-AI DS agents nay be enpl oyed in

{(2) Nagatsu, T., Hino, M., Fuyamada, H., Hayakawa,

T., Sakakibara, S., Nakagawa, Y., and Takemoto, T. (1976)
15 Anal. Biochem., 74, 466-474,

The following abbreviations are employed in the

Examples and elsewhere herein:

20 Ph
Bn = henzyl

phenyl

i-Bu = iso-butyl
Me = methyl

Et = ethyl
25 Pr = propyl
Bu = butyl

T™™S = trimethylsilyl
FMOC = fluorenylmethoxycarbonyl
Boc or BOC = tert-butoxycarbonyl
30 Cbz = carbobenzyloxy or carbobenzoxy or benzyloxycarbonyl
HOAc or AcOH = acetic acid
DMF = N,N-dimethylformamide
EtOAc = ethyl acetate
THF
35 TFA = trifluoroacetic acid
Et,;NH = diethylamine
NMM = N-methyl mcrpholine

tetrahydrofuran
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amounts specified in the PDR The agent for treating inflammatory bowel

di sease 35 or syndrone which may be optionally enployed in conbination
with the DP4 inhibitor of the invention may be 1, 2, or nore of

sul f asal azi ne, salicylates, 32 nesalanm ne (Asacol (b, P&5 or Zel mac(r),
(Bristol -Myers Squibb), which may be enployed in amounts specified in the
PDR or otherwi se known in the art. The agent for treating osteoporosis
which nmay be 5 optionally enployed in conbination with the DP4 inhibitor

of the invention be 1, 2...or . nore of alendronate sodium (Fosamax(r),
Merck, tiludr onﬁtwsﬁeﬁlb ?’Sl,h Qﬁldrf‘i ), etidronate disodium (D dronel(r),
P&G), ral oxi f en@ Ao peERSwE ©n, c&FPPy), which may be enpl oyed in anounts
10 specified iretthe=RbRtimcakiys ng our the met hod of the invention, a
phar maceut i cal GQMO$i-tLOQ, Wdlihebe enpl oyed containing the conmpounds of
structure I,. w or \Qlit out _anot her antidi abetic agent and/or other type
t her apeuti ¢ “agetit "ﬁt%@s"éci”éfi?‘IB?ltWltar‘f‘lﬁobﬂ’é‘?%éﬁﬂye%%”‘véﬁ cle or

di luent. The pghalreabéoridal (ccodpdsdtidimetanl baniron pubay el -Fnpl oyi ng
conventional saldndiekrbbditinl ehi@t&sniriadh|l uents and pharnaceuti cal
additives of a e_.a riat o the node of. _desired adm nistration. The
20 conpounds ca}}n eogdﬁ’l&%\f%f%rég %gdﬁﬁﬁﬁ%ﬁzfﬁ%ﬁé&feeshyqrﬁ Fudi ng humans,
nonkeys, dogs, ¥, =by Rrfure-Traateenzqtdiagrdspl e, in the formof tablets,
capsul es, gHanutye®P eeapawder denootiweavlcanybexadmipystersitidey a parenteral

route in the fQuPsphohNRGiARICBEEPRIANI@Rs. The dose 25 for adults is
preferably betvq\ﬁ%n 10.and 1, 000 ng per day,

="minute (s}
h or hr = hour(s)
L = liter
15 mL = milliliter
L = microliter
g = gram(s)
mg = milligram{s)
mol = mole(s)
20 mmol = millimole (s}
meq = miiliequivalent
rt = room temperature
sat or sat'd = saturated
aqg. = adgueous
25 TLC = thin layer chromatography
HPLC = high performance liquid chromatography
LC/MS = high performance liquid chromatography/mass
spectrometry
MS or Mass Spec = mass spectrometry
30 NMR = nuclear magnetic resonance

mp = melting point

The folleowing Examples represent preferred

35 embodiments of the invention.
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whi ch can be adm nistered in a single dose or in the form of individua
doses from 1-4 tines per day. A typical capsule for oral adm nistration
contains conpounds of structure |I (250 ng), l|actose (75 nmg) and 30
magnesi um stearate (15 ng). The mi xture is passed through a 60 nmesh sieve
and packed into a No. | gelatin capsule. A typical injectable preparation
is produced by aseptically placing 250 ng of conpounds of structure I 35
into a vial, aseptically freeze-drying and sealing.. For use, the contents
of the vial are mxed with 2 nL of -_33 physiological saline, to produce
an injectable preparation. DP4 inhibﬁﬁﬂﬁﬂébéivity of the conmpounds of the
i nvention may be determ ned by use of an in vitro assay 5 system which
measures the potentiation of inhibition of\ DP4. Inhibition constants (K
values) for the DP4 inhibitors of the_inyentions,may be determ ned by the
met hod descri bed bel ow. 10 Puri ffggat.i ongf Por D peptidyl Peptidase IV
Porcine enzyne was purified as previgg§l desgribed (1), with several

nmodi fi cations. Kidneys from 15-20 arfi mal r tai ned, and the cortex
was di ssected away and frozen at -80C. Friozendti ssue (2000 -2500 g) was 15
homogeni zed in 12 L of 0.25 Msucrose in & WalNfng bl ender. The honpgenat e
then was left at 37C for 18 hours to facilitate cl eavage of DP-4 from cel
menbr anes. Af%gr t he cl eavage step, the honpbgenate was clarified by
centrifugation At°P7000 X g for 20 min at 4C, and the 20 supernatant was

coll ected. Solid amoni um sul fate was
o

COOEt

Step 1 title compound was synthesized by following the
literature procedure [Stephen Hanessian, Ulrich Reinhold,

10 Michel Saulnier, and Stephen Claridge; Bioorganic &
Medicinal Chemistry Letters 8 (1998) 2123-2128] or with
the follewing modifications. L-pyroglutamic acid ethyl
ester was N-protected as the {-butylcarbamate (Boc,G, DMAP
or NaH) and then dehydrated to the 4,5-dehydroproline

15 ethyl ester in one pot by carbonyl reduction
{(triethylborohydride, tcluene, -78°C) followed by
dehydration (TFAA, lutidine). The title compound was
obtained by cyclopropanation of the 4,5-dehydroprcline
ethyl ester (Et;Zn, ClCH,I, 1,2-dichloroethane, -15°C). &

20 more detailed protocol is as follows:

Synthesis of 4,5-dehydro-L-proline ethyl ester: L~
pyroglutamic acid ethyl ester (200 g, 1.27 maol) was
dissolved in 1.2 liters of methylene chloride and treated
25 sequentially with di-tert-butyldicarbonate (297 g, 1.36
mol} and a catalytic DMAP ({1.55 g, 0.013 mol) at ambient

temperature. After 6 h, the mixture was gquenched with
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added to 60% saturation, and the precipitate was collected by
centrifugation at 10,000 X g and was discarded. Additional ammoni um

sul fate was added to the supernatant to 80% saturation, and the 80% pel | et
was 25 collected and dissolved in 20 nM Na HPO4, pH 7.4. After dialysis
agai nst 20 mM Na2HPO4, pH 7.4, the preparation was clarified by
centrifugation at 10,000 X g. The clarified preparation then was appl i ed
to 300 nL of ConA Sepharose that had been equilibrated in the sanme 30
buffer. After washing with buffer to a constant A280 the columm was el uted
with 5% (w v) nreEthyketad 3 ifenfepy Eanosidél cArlkd s “Fradt tohsiNefe /pool ed,
Conce_ntlrat ﬁd’ %}dadfilawzg@lhtaﬁ@h@ﬁt SSH(;J\Atggdw@abﬁgb.Qt @beumgH_&gQraDiSal ylzed
materi al then t armaci a_Resource S col um
equi | i brat ed i\rll\??ts% gmg) b‘lﬁok{‘gEOCThe BT SWERFBLG R rrat eFTal s col | ect ed
and cont ai ned Nradstc-ot-pheoEntypmecagtidiathyiAesise matériald-63pclagai n was

concentrat e§ anyasdid%'sxéfv%r & NL0 420 ﬁhige'é%%en H 714u Egstwc %ﬁ@

concentrated enzynme was chronmat ographe on a armaci a 200
filtration col ureatedr eiblyeditihdwm hbi et e rakyghidec d A€ anfh anit §. PArity of

colum 5 fracti@ng,1Wasnapatyzed B¥aLeMIPIG sSDSeEATD, ndRdrdde arRurest
fractions were ooI ed and concentrat ed. |f|gb enz yge \\/ﬁs stored in 20%
glycerol at -80€."AgsAylof i Barcilié: oFyept-i'dyFoPbptasudSes i VA Bisy me was

assayed under Sfcﬁ]ald:yreﬁt B edezandiot. 2ogs (asml[ﬁr Bvibus|Te desermbedizie?) with
gl y-pro-p-nig rogan | gl%da‘%b"m? H%t—rr 8 Lo W %lihgnéoérleoweggtmuéscat' ons.

Reactions contai ne I'n"a final vol une of mMv Aces, 52
TRI'S, 52 mM et h%\#ﬂ(ﬂwaﬁl Re, CHTO tmwagpyﬂm d‘-eﬂperature over 2 h. The

mixture was diluted with EtOAc and water and the organics
were washed with 3 N HCl, water, agueous bicarbonate and
brine and dried (Na,504) and filtered through a silica gel

15 plug to give 165 g of the crude 4,5-dehydroproline ethyl
ester that was purified by flash column chromatography on
silica gel with 1:5 ethyl acetate:hexanes to give 120 g,
75% of the olefin.

20 Cyclopropanation of 4, 5-dehydro-L-proline ethyl ester:
1, 5-Dehydro-L-proline ethyl ester (35.0 g, 0.145 molj was
added to a solution of neat Et;in {35.8 g, 0.209% moil} in 1
liter of 1,2-dichloroethane at -15°C. To this mixture was

added a dropwise addition of CICHI (102 g, 0.58 mol) over
25 1 h and the mixture stirred at -15° for 18 h. The
reaction was quenched with saturated aqueous bicarbonate
and the solvent was evaporated and the reaction was taken
up in EtOAc, washed with brine and purified by silica gel
chromatography using a stepwise gradient of from 20%
30 EtOAc/hexanes to 50% EtOAc/hexanes to give 17.5 g (50%)

of diastereomerically pure step 1 titie compound.
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15 nitroanilide, 0.2 % DVSO, and 4.5 nMenzyne at 25C, pH 7.4. For single
assays at 10 Mtest conpound, buffer, conpound, and enzyne were added to
wells of a 96 well mcrotiter plate, and were incubated at room
tenperature for 5 mn. Reactions were started by addition of 20 substrate.
The conti nuous production of p-nitroaniline was neasured at 405 nMfor 15
mn using a Mol ecular Devices Tnax plate reader, with a read every 9
seconds. The linear rate of p-nitroaniline production was obtained over
the |inear por%ion ?f each progress curve. A 25 standard curve for
p-nitroaniline 5680f bance was obtained at t begi nni ng of each

experiment, and enzyne catal yzed pIfhtroani Ngfne producti on was quantit ated
fromthe standard curve. Conpounds giving greater than 50% inhibition
were selected for further analysis. 30 F nal ysis of positive conpounds,

steady-state kinetic inhibition const ant®fere deternined as a function
of both substrate and i nhi bitor cenecentratieonr——Substrate saturati on curves

were obtained ato @l ¥t pfeed-solutioantt istepCconeaidduaki ns fiigmi6@ipM to 3600
NM 35 Addition 'olzaik”@x%]!c?? ﬁf{%"%i)?‘ééoﬂt"‘%g 984 (1. 5her, presence of
o] p nts

[
i nhi bitor. Conplete inhi on ‘experi nmen confained 11 Substrate and 7
i nhi bi tor cancditer &eprehkor mixggreywdh SHirpricalt & ddeér i hat1%ns acr oss
pl ates. For ti ghtapobbnéiing Tihehirbsiduwes waist Hikpsed egsht ABuC1202mMtitelhe enzyne

concentration ?%p%ggyggdar{d) Q2,00 anddr eacts ONinddses oW arencreased to
120 min. Pool ed datasets fromthe 5 three plates were {ed ta the

|
appropri ate equatit6nSPBYOVYE fief €9 %Sfigé, noticd) eﬁ¢§| eor
unconpetitive inhibition.
10 Step 3.

BocHN )N.y
0

COOEt

To a stirred solution of {§)-N-tert-butoxycarbonyl-
isoleucine (372.6 mg, 1.61 mmol) and benzotriazol~1-
yloxytripyrrolidinophosphonium hexafluorcphosphate (1.Z5
15 g, 2.42 mmol) in CHyCl; (6 mL) under nitrecgen at rt was
added 4—methylmorpholine (NMM) {(0.36 mL, 3.2 mmol}.
After 5 min, a solution of Step 2 compound (433 mg, 1.61
mmol) and NMM (0.27 mL, 2.4 mmol) in CHxCl, {1 mi.) was
added. After addition, the reaction mixture was stirred
20 under nitrogen at room temperature overnight. The
reaction mixture was diluted with CHCl; (40 mL) and
washed with 4% KHSO.{10 mL), aguecus NaHCO;(10 mL) and
brine (1¢ mL}, dried {(Na;50,). and evaporated.
Purification by flash chromatography {(1:4 EtOAc/hexane)
25 gave the title compound as a colorless oil, 530 mg, B89%

yield.
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(1) Rahfeld, J. Schutkowski, M, Faust, J., 10 Neubert., Barth, A, and
Heins, J. (1991) Biol. Chem Hoppe-Seyler, 372, 313-318. (2) Nagatsu, T.,
H no, M, Fuyamada, H., Hayakawa, T., Sakakibara, S., Nakagawa, Y., and
Takenoto, T. (1976) 15 Anal. Biochem, 74, 466-476. The foll ow ng

abbrevi ations are enployed in the Exanples and el sewhere herein: 20 Ph =
phenyl Bn = benzyl i-Bu = iso-butyl M = nethyl Et = ethyl 25 Pr =
propyl Bu butyl TM5S = trimethylsilyl FMOC = fl uorenyl met hoxycar bonyl

Boc or BOC = tert-butoxycarbonyl 30 Cbz = carbobenzyl oxy or carbobenzoxy or
benzyl oxycar bofyFP 4HOAC or AcOH = acetic acid DMF = N, N-di net hyl f or nani de
Et OAc = ethyl acetate THE = tetrahydrofutan 35 TFA = trifl uoroacetic acid
Et 2NH = di et hyl ami ne NVWM = N- net hyl oline 36 n-BuLi = n-butyllithium

Pd/ C = pal |l adi um on carbon PtQ2 = plaji num oxi . TEA = triethyl am ne
BocHN N

COOH

To a stirred solution of Step 3 compound (530 mg, 1.44
mmol) in MeGH (4 mL) and H;0 (4 ml) at rt was added LiOH-

5 H;O (91 mg, 2.16 mmol}. The reaction mixture was stirred
at rt overnight and evaporated. Water (10 ml) was added
to the residue and extracted with Et0 (2 x 10 mL). The
aqueous layer was acidified to ~pH 4 by adding 4% KHSO,
dropwise. The milky solution was extracted with EtOAc

10 (15 mL % 3). Combined EtOAc layers were washed with
brine, dried over Na;S50, and evaporated to give the title
compound as a white solid, 440 mg, 90% yield.

Step 5

BocHN

0
CONH,

15

To a stirred solution of Step 4 compound (300 mg, (.88
mmol) in THF {6 mL) at -15°C under nitrogen, was added 4-
methylmorpholine (0.12 mL, 1.06 mmol) and then iscbutyl
chloroformate (0.13 mL, 0.97 mmel} over 2 min. White

20 precipitate was formed. The reaction mixture was stirred
at -15°C under nitrogen for 25 min and a sclution of NH;
in dioxane {( 8.8 mL, 4.4 mmol) was added. The reaction

mixture was stirred at -15° for 30 min, warmed to rt and

stirred at rt overnight. The reaction mixture was
25 quenched by 4% KHS0, to ~pH 4 and extracted with EtORc (20
mL x 3). The extracts were combined, washed with brine
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5 EDAC = 3-ethyl-3"-(di net hyl am no) propyl -carbodii m de hydrochl oride (or
)am no) propyl])-3- ethyl carbodiimde hydrochl oride) HOBT or
HOBTH20 = 1- hydroxybenzotriazol e hydrate HOAT =
1- hydroxy 7-azabenzotri azol e 10 PyBOP reagent =
yl oxy-tripyrrolidino phosphonium hexafl uorophosphate mn =

1-[ (3-(di net hyl

benzotri azol -1 -
m nute(s) h or
g = gran(s) ngy
m I | i equi val ent
aqueous 25 TLC
chr omat ography

hr = hour(s) L =1liter 15 nL = mlliliter L = mc
=mlligram(s) nol = nole(s) 20 mmol = mllinole(s)

(o T 4PN t(ﬁ%@t%& exﬁa%%rQEeéat E%uf%@&?k%% aq =

= thin [ayer chronat og rap orma

lpehvee Ly g rpER T f%???ﬁ%fe (%(r huﬁ‘d‘%h Fﬁhﬁ’fb’g rgef‘p’ﬁyFPrﬁ

spectronmetry MSisheMasspSper as Aassispéonronzis yg. 300NMR dhucl ear
resonance np = nelting point The foll ow ng Exanpl es represent pr eferred

35 enbodi rrergt S

scEf tlge invention. - 37 Exanple 1

BocHN N

o]
CN

- -~y

To a stirred solution of Step 5 compound {248 mg, 1.38

mmol) and imidazole {94 mg, 1.38 mmol) in dry pyridins

.(12 mL) at —-35%°C under nitrogen was added POCl; (0.26 mi,

10

15

20

2.76 mmcl) dropwise. The reaction mixture was stirred
between -35°C to -20°C for 1 h and evaporated. CH;Cl; (10
mL) was added and white precipitates were formed. After
filtration, the filtrate was concentrated and purified by
flash chromategraphy (2:5 EtOAc/hexane) to give the title

compound as a colorless oil, 196 mg, 88% yield.

Step 7

TFA . HaN N

o
NC

To a stirred solution of Step 6 compound (130 mg, 0.4
mmol} in CH,Cl. (2 ml) at rt was added TFA (2 mL). The
reaction mixture was stirred at rt for 2 h. The reaction
mixture was added slowly to a pre-cooled slurry of NaHCO;
(3.8 g) in H,0 (3 mL}. The mixture was extracted with
CH:Cl; {6 mL x 95), and the combined CH;Cl, layers were
evaporated and purified by preparative HPLC to give the
title compound as a white powder, 77 mg. 57% yield, wmp =

- 472 -

roliter
meq =

l'iquid
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TFA H2ZN N ONC Step 1. D COOEt Step 1 title conpound was synt hesized by
followng the literature procedure (Stephen Hanessian, Urich Reinhold, 10
M chel Saul nier, and Stephen d aridge; Bioorganic & Medicinal Chem stry
Letters 8 (1998) 2123-2128) or with the follow ng nodifications.
L-pyroglutam c acid ethyl ester was N-protected as the t-butyl carbainate
(BOC20, DVAP or NaH) and then dehydrated to the 4,5-dehydroproline 15
ethyl ester in one pot by carbonyl reduction (triethyl borohydride,

t ol uene, -78C) f owed by dehydration (TFAA lutidine). The title
conpound was dHPaﬂﬁéd3b§i%¥él%&ﬁ%panaFPBﬁe?ﬁ’Tﬁ@“& 5‘d§ﬁydﬁgﬁﬁbllne et hyl
ester (Et2Zn, QXH2[EprltRe dieghlredoettraned.- 15C). A 20 nore detail ed
protocol is as follows: Synthesis of 4, 5 dehydro L-proline ethyl ester: L-
pyroglutam c acid ethyl ester (200 g, ) was dissolved in 1.2

liters of methylene chloride and trea?%%m§§isequentlally wth

di -tert-butyl di carbonate (297 g, 1.36 nol) and a catalytic DVAP (1.55 g,
0.013 nol) at anbient tenperature. ﬁﬁter h, the m xture was quenched
with - 38 saturated brine and tHae .0 Wﬁas dried (Na2SO»4) and
filtered through a short silica gel coluan to giv 323 g (100% of N- Boc-
L- pyroglutam c acid ethyl ester. ~ L- utam c acid ethyl ester (

160 g, 0.62 nol) 5 was dissol ved |n 1 lit ruof t ol uene, cooled to -78C and

Step 1

Step 1 title compound was synthesized by following the
10 literature procedure. [Stephen Hanessian, Ulrich

Reinhold, Michel Saulnier, and Stephen Claridge;

Bioorganic & Medicinal Chemistry Letters 8 (1998) 2123-

2128.]
15  Step 2
9]
TFA -IﬁN\?,JL\N W
D

The title compound was prepared from Step 1 compound,

employing the same procedure as that described for

Example 1, Steps 2-6. LC/MS gave the correct molecular
20 dion [ (M+H)® = 222] for the desired compound.
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treated with [ithiumtriethyl borohydride (666 mL of a 1.0 Msoln in THF)
and added dropwi se over 90 m nutes. After 3 h, 2,6-lutidine (423 nL, 3.73
nol ) was added dropwi se followed by DVAP (0.2 g, 0.0016 nol). To this

m xture 10 was added TFAA (157 q, 0.74 nol) and the reaction was allowed
to cone to anbient tenperature over 2 h. The mxture was diluted with

Et CAc and water and the organics were washed with 3 N HCL, water, aqueous
bi carbonate and brine and dried (Na2SO4) and filtered through a silica gel
15 plug to give 165 g of the crude 4,5 dehydroproline ethyl ester that was
purified by flash col um chronatograpgy—é%mwsiIica gel with 1:5 ethyl

acet ate: hexanes to give 120 g, 75%of the olefin. 20 Cycl opropanati on of
4, 5-dehydro-L-proline ethyl ester: 4,5-Dekvdro-L-proline ethyl ester (35.0

g, 0..145 nol) was added to a salCit-igN-Qf t2Zn (35.8 g, 0.209 noi) in
| liter of 1,2-dichloroethane at -15C :To thys xture was added a
dropw se addition of CICH2I (102 g, O nol ) 25 1 h and the m xture

stirred at -15C for 18 h. The reaction s quahched with saturated aqueous
bi carbonate and the sol vent was evapor &t ed andl the reaction was taken up
in Et OAc, washed with brine and purified by silica gel chromatography
using a stepw radi ent of from 20% 30 Et OAc/ hexanes to 50% Et OAc/ hexanes
to give 17.5 g%%§%@; of diastereoneyically.pure step 1 title conpound. 39
Step 2. TFA Hy7 COOEt 7 To a stirr G s utNon of Step 1 conpound (411 ng,
1.61 mol) in CH2C12 (1.5 nL) at rt was TFA (1.5 ni)

3

Step 1 title compound was prepared by following the
literature procedure. [Willy D. Xollmeyer, U.S. Patent
4,183,857.].

10 Step 2
Q

BocHN\ﬁ?,fu\\N H

>”h..
o g

Te a stirred solution of (5)-N-tert-butoxycarbonyl-
isoleucine {231 mg, 1 mmol} and benzotriazol-1i-
vloxytripyrreolidinophosphonium hexafluorophosphate (780

15 mg, 1.5 mmol} in CHyCl, (6 mlL} under nitrogen at rt was
added 4-methylimorpholine (0.33 mL, 3 mmol). After 5 min,
Step 1 compound (120 mg, 1 mmol) was added in one
portion. The reaction mixture was stirred under nitrogen
at rt overnight and then diluted with CHxCl, (30 mL),

20  washed with 4.1% KHSO, (10 mL}), aqueous NaHCOs (10 mL},
brine (10 mL), dried (Na,30,) and evaporated.
Purification by flash chromatography on silica gel (2.4
20 cm column, 1:3 EtOAc/hexane) gave the title compound
as a colorless oil, 290 mg, 90% yield. LC/MS gave the

25 correct molecular ion [(M+H)" = 297] for the desired

conmpound.
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5 The reaction m xture was stirred at rt for 2 h and evaporated. The
residue was diluted wth CH2Cl2 and then evaporated and re-evaporated
three tines to give the title conpound as a colorless oil, 433 ng, 100%
yield. 10 Step 3. BocHN O COOEt To a stirred solution of
(S)-N-tert-butoxycarbonyl - isoleucine (312.6 ng, 1.61 mml) and
benzotriazol -1- yloxytripyrrolidi nophosphoni um hexaf| uorophosphate (1. 25 15
g, 2.42 mol) in CHRCl12 (6 nL) under nitrogen at rt was added

4- et hyl nor pholine (NMM (0.36 nL, 3.2 nmol). After 5 mn, a solution of
Step 2 conpound (433 ng, 1.61 nmmol) and NW (0.27 nL, 2.4.mMmol) in CH2C12
(1 nL) was adde#er After addition, the reaction m xture was stirrea 20
under nitrogen at roomtenperature overnlg t. The reaction m xture was
diluted with CH2C12 (40 ni) and;«maahg 40 HeO4(1 0 nmL), aqueous
NaHCO3(10 mL) and brine (10 n), drled~(Na2 nd evapor at ed.
Purification by flash chromatography 4 xane) 25 gave the title
conmpound as a colorless oil, 530 ng, gg%% yleI 40 Step 4 BocHN O COCH To
a stirred solution of Step 3 compound (%30 ny, Hy. 44 mmol) in MeOH (4 )
and H20 (4 nL) at rt was added LiO+ 5 H20 (91 ngy, 2.16 nnDI). The reaction
m xt ure was styﬂ{ed at rt overnlrghéf qﬂggagorated (EQB (yyfﬂ}) was added

e reactlon mixtu smpound

5 mmol} and 4 M HCl in dioxane (1.5 mL, 6 mmol) was stirred
at rt for 2 h and evaporated under reduced pressure. Et;0
was added to the residue and a precipitate was fcrmed.
Et;0 was decanted and this was done three times. The
precipitate was dried in vacuo to give the title compound

10 as a white powder, 130 mg (76% yield), mp 205-206°C.

LC/MS gave the correct molecular ion [{M+H)' = 197} for

the desired compound.

Examples 4-44

15

o
TFA - HZN\___,/H\ TFA - HEN\FJ‘L—N
JO IR BN
/ NC " > N(_J:

{Example 4) (Example 4A)

PR

Step 1 title compound, as a 1:1 ratio of enantiomers, was

ffrl

Step 1

=~
Ny
C

N

20 prepared by following the literature procedure. [Willy
D. Kollmeyer, U.S. Patent 4,183,857.]
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to the residue and extracted with Et20 (2 x 10 nL) The aqueous |ayer was
acidified to -pH 4 by addi ng 4% KHSO4 dropwi se. The m | ky sol uti on was
extracted with EtOAc 10 (15 nmL x 3). Conbined Et QAc | ayers were washed with
brine, dried over Na25( and evaporated to give the title conpound as a
white solid, 440 ng, 90%yield. Step 5 BocHN " 0 (N~JJ CONH2 15 To a
stirred solution of Step 4 conpound (300 ng, 0.88 mol) in THE (6 nL) at
-15C under nitrogen, was added 4- nethyl norpholine (0.12 nL, 1.06 mol) and
then isobutyl ghdproformate (0.13 nL, 0.97 mmol) over 2 min. Wite 20
precipitate was fornmed. The reacgion m xture was stigred at -15C under
nitrogen for 25 mn and g gg| uti dn of NH3 ip.. hoxa e ( 8. 8 n1_ 4.4 mmol)

was added. The reaction mxtwre firred at - warmed to
rt and stirred at rt overnight e@ctlon | ure quenched by 4%
KHSO4 to -pH 4 and extracteoﬁ}thc t OAC (20 nL ) NE The extracts were
conbi ned, washed with brine 1 (10 nm.) dried ( 2S04) and evapor at ed.

Purification by flash—colum chronmntography (1:1 Ft QAc/hexane) gave the

title conmpound As1@ /M) be {oHam- 26 . N O''Lv/v
CN To a sti rred sl%lr\é?l on o% St[ejg %dfrfzm%%é%%g%p 15'%1%5@%@ [39;:%

mmo 1)

v1l}amino)propyl)=-3-

5 ethylcarbod11m1de(7? ng, 0.4 mmol) and HCAT ({54.4 mg, 0.4
mmol) in CICH,CH,Cl (0.3 ml) was stirred under nitrogen at
rt for 1 h, then Step 1 compound (22 mg, 0.2 mmol) was
added, fclicwed by Et-N (G.015 mL, 0.1 mmol). The
reaction mixture was stirred under nitrogen at rt

10 overnight and then diluted with CH,Cl> {3 mi), washed with
H;O (1 mi), agueous NaHCC3(l1 mL) and brine (1 mL), dried
{Na504) and evaporated. Purification by flash
chromatography on silica gel (2.4 x 12 cm column, 2:7
EtOAc/hexane) gave the title compound as a ceolorless oil,

15 33 mg, 51% yield. LC/MS gave the correct molecular ion
[{M+H}" = 322) for the desired compound.

Step 3

firy

TFA - H;N\;J]\D TFA - HzN\;/u\N
5 ¥ ':25.
. Ll

{Example {) (Example 4A3)

20 To a stirred solution of Step 2 compound (30 mg, 0.4
mmol) in CH;Cl: (0.5 mL) at rt was added TFA (0.5 mL}.
The reaction mixture was stirred at rt for 2 h. The
reaction mixture was added slowly to a precooled slurry
of NaHCO; (0.8 g) in H;0 {1 mL). The mixture was

25 extracted with CHoCl; (2 mL % 9}, and combined CH.Cl;
layers were evaporated and purified by preparative HPLC

to give the title compounds as a 1l:1 ratio of
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mmol ) and i mdazole (94 ng, 1.38 nmol) in dry pyridine (12 nL) at -35C
under nitrogen was added POC1l3 (0.26 nL, 10 2.76 nmol) dropw se. The
reaction m xture was stirred between -35Cto -20C for 1 h and evapor at ed.
CH2C12 (10 L) was added and white precipitates were formed. After
filtration, the filtrate was concentrated and purified by flash

chromat ography (2:5 Et QAc/ hexane) to give the title IS conpound as a
colorless oil, 196 ny, 88%yield. Step?TFA HZN N O NC To a stirred
sol ution of St co und 30 20 n Cl2 (2 m) at rt
was added TFA ?ga?ﬁ_ erﬁq% 28 g%tl%n =N xf’leléo wagggki}'rér’e af% rfo%rectz h. The
reaction mixt ﬁr‘éem’safadﬂ’ed St y= t%2%1 goé- £88| &P id1edr FYMRFNEHCO3 (3. 8
g) in HO (3 nL) . The m xture was extracted with CH2Cl2 (6 nmL x 5), and

t he conbi ned CH2C12 | ayers were 25 @%@gat edsand purified by preparative

HPLC to give the title conpound as powder, 77 nmg. 57%yield, nmp =
42 141-143 LG M5 gave thejcorrect nolecular ion [(Mg)t _  222] for t he
desired corrpound Exanpl £ 215 0X7 TFA H2N, --I N\Bl\St ep 1
JL::ék and ,,i> < ?
NC
(Example 5} {Example 5A)
Step 1

SA

To a solution of Example 4, Step 1 compound (150 mg, 1.39
10 mmol) in 2-propanocl (0.8 mL}), was added NaCN (40 mg, 1.0

mmol). The reaction mixture was heated to reflux for 3

‘_::\" Nl
C

N

h. After cooling to rt, the reaction mixture was
evaporated and then slurried in Et;0 (5 mL). After
filtration, the filtrate was evaporated to give Example 4
15 Step 1 compounds and Example 5 Step 1 compounds (140 mg.
93%) as a 2:1 mixture of diastereomers, each as a racemic

mixture.

Step 2

!llf
’h‘r

BocHN BocHN D
"1‘::::::;E)|l --ll?%;

A slurry of (S)-N-tert-butoxycarbonyl-iscleucine (595 mg,

20

2.57 mmol), 1-{(3-{dimethyl)amino)preopyl]-3-

ethylcarbodiimide {493 mg, 2.57 mmol) and l-hydroxy-7-

azabenzotriazole (350 mg, 2.57 mmol) in CLCH2CHCL (2 mL)
25 was stirred under nitrcgen at rt for 1 h, then Step 1

compound mixture (139 mg, 1.28 mmol) was added. The
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BOON COOEt

Step 1 title conmpound was synt hesized by followi ng the 10

literature procedure. [Stephen Hanessian, Urich Reinhold, Mchel

Saul ni er, and Stephen C aridge; Bioorganic & Medicinal Chem stry Letters 8
(1998) 2123- 2128.] 15 Step 2 O TFA H2N N ~; NC The title conmpound was
prepared from Step 1 conpound, enploying the same procedure as that

descri bed for
= 2221 for the desired conpound. 43 Exanmple 3 O N HC

i on [(NHHY
HZN- -

follomnn the

4,183, 857 ].

10

20

25

30

Exanple 1, Steps 2-6. LC/Ms gave the correct nol ecul ar 20

en ;1 H Q&xtﬁﬂg-w 5 Sil?ﬁéﬁfdJagf Rb??ound was_prepared by

terature procedur & At BFS. Patent

1003§1ﬂigfLCFﬁp Qﬁﬁﬂ4ﬁ*3upp with CHCl, (30 mLJ, washed

with H:0 (10 mL}, saturated agueous NaHCCy {10 ml) and

brine {10 mL), dried (Na,S0;} and evapcrated,

Purification by flash chromatography on silica gel (2.4 x

20 cm column, 1:3 EtOAc/hexane) gave the Example 4, Step
2 compound (260 mg), and the title compounds (105 mg) as
a ratio of 1:1 diastereomers. LC/MS gave the correct

molecular ion {{(M+H)® = 322] for the desired compounds.

Step 3

TFA - Hz“ * . N
L 2 \ and 3 \':>,,%.

(Exa.mple 5) {Example 5A)

H'M

To a stirred solution of Step 2 compounds (104 mg, 0.32
mmol) in CHzCl; (1 mL) at rt was added TFA {1 mL). The
reaction mixture was stirred at rt for 2 h. The reactiocn
nixture was added slowly to a precooled slurry of NaHCO,
{2 g} in HO (2 mL). The mixture was extracted with
CHzCly (4 mL x 43, and combined CHpCl, layers were
evaporated and purified by preparative HPLC to give the
title compound Example 5 (36 mg) and Example 5A (36 mg).
LC/MS gave the correct molecular ion {(M+H}' = 222] for

the desired compounds.

Example 6

General Method A: Parallel array synthesis methods for

preparation of inhibitors from commercially available
amino acids. &As shown in Scheme 3, the ester 11,
described in Example 1 Step 1, was saponified to the acid
with LiCH in THF/H,0 and converted to the amide 12 by
treatment with isobutyl chloroformate/NMM followed by
ammonia in dioxane. The Boc protecting group was removed

under acidic conditions using TFA in methvlene chloride
to give 13. The TFA salt was coupled to Boc-t-
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H To a stirred solution of (S)-N-tert-bucoxycarbonyl- isoleucine (231 ng, 1
nmol ) and benzotriazol -1- yloxytripyrrolidi nophosphoni um
hexaf | uor ophosphate (780 15 ng, 1.5 mml) in CH2C12 (6 nlL) under nitrogen
at rt was added 4-nethyl norpholine (0.33 nL, 3 mmvl). After 5 mn, Step 1
conmpound (120 ng, 1 mmol) was added in one portion. The reaction m xture
was stirred under nitrogen at rt overnight and then diluted with CH2C12
(30 m.), 20 washed with 4.1% KHSO4 (10 nL), aqueous NaHCO3 (10 mi), brine
(10 nL), dried (Na2SO4) and evaporated. Purification by flash
chr omat ogr aphy BRE%19i¥%d ngels {139 £ 1k hegoERMR /AHBIARNME 1983 Et OAc/ hexane) gave
the title conpoBRAC/UHFdC8llar tessivei 1. 290hapni@8%ys elchydr@EME gave t he
370 HO NN EL by The resetion i Ul e of S ep 2 Corpaund (220 g, 0. 745

1 The reaction m xture of Step_2 conpound ng, O.
mol ) and 4 M HE19i T H'dXaABPTAE S S, Wt imDiH ’\ﬁa§qu%12r reCF““’D«‘J't("““Ft for 2 h
and evapor at 2d HRBRITIedGCEE PFeitle HROI5E Whs added to the residue and a
precipitate was formed. Et20 was decanted and this was done three tines.
The precipitatg-pNage &, %QnLPai/MDhOAgi(ﬂﬁxgi%stktbﬂ conpound 10 as a
white powder, 130 ng (76%yield), nmp 205-206C. LC/ M5 gave the correct
nol ecular iton [(MHH)' = 197] forH the desired corgpound. Exanpl es 4-4A

-, oH AN

AN A A
\ a,b c \ d

- N - N\R T ——— TFAHNH/) —
Boc A Boc . R
H H o

CO,Et CONH; CONH;,

1 12 13
H, /\ .H H oA .H d-H A .H
- » e - 0 f *
N N T N
BocHN K BocHN ﬂ/ N TFAH;N "
" " H
O CONH, © CN o con
14 15 16

a. LIOH inTHF/H,0 or MeOH/ H,0 b. i BuQCOCK NMM or i-BuOCOCITEA at -30C or EDAC,
then NHj in dioxane or ELO at RT ¢.TFA, CH,Cly, RT d. Boc-t-butylglycine and PyBop/ NMM
or EDAC, DMAP, CH,Cl, e. POCH, pyridine, imidazole, -20C f. TFA, CH,Cly, RT

10
TFA * H,N
@ N
NC
Step 1
Boc
\\N
¢
OH
5

To a stirred solution of Example 1 Step 1 compound (1.40
g, 5.49 mmol) in 40 mL of a 1:1 methanol:water solution
at rt was added lithium hydroxide {(0.20 g, 8§.30 mmol).

The reaction mixture was stirred at rt for 18 h and then
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1500 TFA HzN,-1- N~ TFA H2N~I'-- + N ~n(f NC (Exanple 4) (Exanple 4A)
Step 1 HN+ HN NC ~ NC Step 1 title conpound, as a 1:1 ratio of
enantionmers, was 20 prepared by following the literature procedure. [WIlly
D. Kollneyer, US. Patent 4,183,857.] 45 Step 2 0 0 BocHNN BocHNI'LN F
NC A slurry of (S)-Ntert- butoxycarbonyl-lsol eucine (92.5 ng, 0.4 mol),
1- ((3- (di nethyl) am no) propyl ]-3 5 ethyl carbodiimde(77 ng, 0.4 nmmol) and
HOAT (54.4 ng, 0.4 nmmol) in CICH2CH2C1 (0.3 nL) was stirred under nitrogen
at rt for i h, then Step 1 conpound (22 ng, 0.2 nmol) was added, followed
by Et 3N (0. 015habied: o rB®6L ) forTlReh . r edled irQxtRirkt wie dnasztstiiwted under

nitrogen at rt eaQaPV%an'r@@t oanguté}egn@ Lyt wid mm% washed
with H2O (1 ), ueous 2{ % rine m.w dri ed (Na2804)
and evapor at ed“CPﬂ’rTJf‘?%d‘i“on By ‘flﬁsﬁ hro tSQiLé%hir 1811 Y2a gel (2.4

12 cm col um, 2x7rag<@Aciiféxapeyr gavé& ERemkl ¢ | &heopovimkhastascol orl ess

oil, 5 layers were dried cver Na;S0; and evaporated. The residue
was stripped from toluene (2 X 10 ml) and dried under
reduced pressure to give the title compound as a thick
syrup, 1.20 g, 96%.

10 Step 2

Boc

NH,

Te & stirred sclution of Step 1 compound (1.20 g, 5.2Z8
mmol) in THFE (20 mL) at -15%°C under nitrogen was added 4-
methylmorpholine (0.71 mL, 6.50 mmol) and then isobutyl

15 chloroformate (0.78 mL, &.00 mmol) over > min. The
reaction was stirred at -15°C for 30 min, cooled to —20°C
and treated with & solution of NHs in dioxane (50 mL, 25
mmol) . The reaction mixture was stirred at -30°C for 30
min, warmed teo rt and stirred cvernight. The reaction

20 mixture was gquenched with citric acid solution {(pH 4} and
extracted with ether {3 X 50 mL). The combined organic
fractions were washed with brine, dried over Na;50, and
concentrated. Purification by flash column
chromatography on silica gel with EtOAc gave the Step 2

25  compound, 1.00 g, B84%.

Step 3

TFA - HN




15 33 nmg, 51%yield. LC/ M5 gave the correct nolecular ion [(MH)' = 322]
for the desired conmpound. Step 3 00 TFA - HNIIL- TFAHEN~N N+ NC/
NC (Exanmple 4) (Exanple 4A) 20 To a stirred solution of Step 2 conpound
(30 mg, 0.4 mol) in CH2C12 (0.5 nm.) at rt was added TFA (0.5 nL). The
reaction mxture was stirred at rt for 2 h. The reaction m xture was added
slowy to a precooled slurry of NaHCO3 (0.8 g) in H2O (1 nL). The m xture
was 25 extracted with CH2C12 (2 nL x 5), and conbined CH2Cl2 |ayers were

evapor at ed and quri Lied, ti PL i ve the,title . conpounds as
° & RIch3EA M’est'ép7g%:&{?%c?1§‘é Ifél ﬁ% ?ja\fe' Ot%he correct

ﬁollégulrgﬁl ioogf [“?‘}%H?IE"?S&:’%%?F 1 %’r’“’tz %En%é’siwﬁédg‘lé:%er?pgﬁﬁdé3 mlExanfiés 5-5A 5 0
10  TFA TFA H2ZN2ctifp mixtlire/ wak\smiwked at 6T, fWENCE NCB THExanpl e 5)
(Exanpl e 5A) SteptlohMixdite NEsNFhdhraasohutdft ebqfXaiml &sdurstep 1
conpound (1%0 rgé p}0§gce title compound in the form of .a thick oil,

0.98 g, 100%. The oil gradually solidified upon

prolonged standing.

Step 4

BocHN

10 NH

An oven-dried 15-mL test tube was charged with Step 3
compound (56 mg, 0.22 mmol), N-tert-butoxycarbonyl-(L)-
tert-leucine (53 mg, 0.23 mmol}, dimethylaminopyridine
(0.11 g, 0.88 mmel), and CHy;Cly (4 mL). The tube was

15 sealed under nitrogen atmosphere and treated with 1-{(3-
{(dimethyl)amino)propyl]-3-ethylcarbodiimide (84 mg, 0.44
mmol). The mixture was placed in a shaker and vortexed
overnight. The product was purified by solid phase
extraction using a United Techneology SCX ceolumn (2 g of

20 sorbent in a & mL column) by loading the material on a
SCX ion exchange column and successively washing with
CH;Cl; (5 mL), 30% methanol in CH3Cl; (5 mL}), 50% methanol
in CHzCl; {5 mL} and methanol (10 mL). The product
containing fractions were concentrated under reduced

25 pressure to give the desired amide. Further purificaticn
by reverse phase preparative column chromatography on a
YMC S5 ODS 20 X 250 mm column gave the title compound, 50
mg {68% yield). Purification conditions: Gradient
elution. from 30% methancl/water/0.1 TFA to 20%

30 methanol/water/0.1 TFA over 15 min. 5 min. hold at 90%
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10 mmol ) in 2-propanol (0.8 nmL), was added NaCN (40 nmg, 1.0 mmol). The
reaction mxture was heated to reflux for 3 h. After cooling to rt, the
reaction m xture was evaporated and then slurried in Et20 (5 nL) . After
filtration, the filtrate was evaporated to give Exanple 4 15 Step 1
conpounds and Exanple 5 Step 1 conpounds (140 ng, 93% as a 2:1 m xture of
di astereoners, each as a racemc mxture. Step 2 OOl $ocHN'Jl ~ BocHN Y
AN NC NCO\/ 20 A slurry of (S)-N-tert-butoxycarbonyl-isol euci ne (595 ng,
2.57 mmol ), 1-](3-(di;net 1 NQ).pro -3- et hyl bodi i mde(493 ny, 2.57
mmol ) and 1- hy'b%‘%)l(a(n- %S%E)e‘%‘?o{}%%‘azo%&ﬂ(_s%(fe' ?é{zm.c’? “hiol ?e?%étdo&-lZG-lZCI
(2 mL) was stV#reEndmder 2af t r dferRatort ¥6r 1%hi%hen Step 1 25 conpound
m xture (139 ng, 1.28 nmol) was added. The - 47 reaction mxture was
stirred under gidragen at rt overnight and then diluted with CH2C12 (30
m.), washed wth H20 (10 nL), saturated aqueous NaHCC3 (10 nmlL) and brine
(10 nmL), dried (Na2SO4) and evaporgimed. 5 rification by flash

chromat ography on silica gel (2.4 x | umm, 1:3 Et QAc/ hexane) gave
the Exanple 4, Step 2 conpound (260 , and the title conpounds (105 np)
as a ratio of 1:1 diastereoners. LC gave e correct nolecular ion
((MtH)' = 322] for the desired conmpdlinds. s

5 NC

An oven-dried 15-mi test tube was charged with Step 4
compound (30 mg, CG.15 mmol), imidazole {31 mg, 0.4%6
mmol), and pyridine (1 mL). The tube was sealed under
nitrogen atmosphere and cooled to -30°C. Slow addition of

10 POCly (141 mg, B8 ul, 0.92 mmol) gave after mixing a thick
slurry. The tube was mixed at ~30°C for 3 h and the
volatiles evaporated. The product was purified by solid
phase extraction using a United Technology silica
extracticn column {2 g of sorbent in a 6 mL column) by

15 loading the material on a silica column and successively
washing with CHpCl; (5 mL), 5% methanol in CH,Cl:; (5 mL],
7% methanol in CH:Cls; (5 mlL) and 12% methanol in CHCl, (10
mL) . The product containing fractions were pooled and
concentrated under reduced pressure to give the title

20 compound, 46 mg, 96%.

Step §

TFA - HN

NC

An oven-dried 15-mL test tube was charged with Step 5
25 compound (0.45 mg, 0.14 mmol), CHzCl: {1 mL), and TFA {1

mlL). The reaction mixture was vortexed for 40 min at rt,

- 52 -



Step 300 TFA " H N~ TFA' HzN---),N and | NC | NCB (Exanple 5)
(Exanple SA) To a stirred solution of Step 2 conpounds (104 ng, 0.32 nmol)
in CH2C12 (1 nL) at rt was added TFA (1 nlL). The 15 reaction m xture was
stirred at rt for 2 h. The reaction mxture was added slowy to a
precooled slurry of NaHCG3 (2 g) in H20 (2 nL) . The m xture was extracted
with CHCl2 (4 nL x 4), and conbi ned CH2Cl12 | ayers were evaporated and
purified by preparative HPLC to gi ve the 20 title conpound Exanple 5 (36

ng) and Exanpl 6 ave the correct nolecular ion ((MH) + =
222) for the gjesweg [ngotuonl neE)&g Pt'e BB EESHET A et RSRF A Paral | el

array synthesi s*er?é’tcﬁédér?%?urepr‘“@par altlwih oft -i nhirbitrodsctreas comercial 1y
avail abl e am nmrAciids. b:ﬁx&éﬁ%ﬂ% bRaSehe®aacihe @3Ler 11, described in

Exanple 1 Step 4, £d te-t [ in THE/ H,O and
converted tq th rg%@%oéﬁ y 30 t%gat%’gr@%wgt h]w: ésgq)ﬁ“f“yf:o BHrist SRt e/ NWM
fol | owed by’ 3R DEaTEC  FRe Bod9prdbect |%l§ﬁ6ﬁbl%s r enoved

under acidic ccﬂ@dlldtlfteﬂssusmrgidTEAtleﬂlutetdmylfene Ui oeicdenct owgiere0l3. The
TFA salt was caupl ed bes Bﬁ&hﬁn@&/w@é’éﬂ)@'ﬂ@kﬂ%x&@é Ng gihbes GRAGLHEBT/ DVF

or EDAC/ DVAP/ CH2 dehydrat ed 1 the nitrile
15 using PCO , lgl?lm%azo‘(f)tﬁ':]t-moel”wat |ne Eq’2 ndt e na%ﬁ Id}é‘b"l’“ot ected with
TFA in CH2C12 éptgﬁﬁp@%twavelength 220 Retentlon Time: 10 min.

10

Examples 7-27 were prepared from amino acids available
from commercial sources according to the procedure in

Example 6.
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5 tenperature to afford the target 16.
(Exanples 6-27) H \ .Ha. b H/~ .NCA .Hd Boc'NBoc HTFAHN 1 H
CO2Et CONH2 CONH2 11 12 13 Ne HNf HN H BocHN BocHN~-H TFAHZN N O H
CONN2 O CN O CN 14 15 16 a. LiOH inTHF/ H20 or
or 1-BuOCOCl/TEA at -30C or
CH2Cl 2, RT d. Boc-t-butylglycine and PyBop/ NMM or
POCl 3, pyridine, imdazole,

-20C f. TFA, CH2Cl 2, RT 10 TFA -
Step 1 BOCN OH 15 _ To a stirred sol ytion,of Exanple 1 Step 1 conpound
ol :wat er sol ution
The reaction m xture was

2 h. The m xture

nmol ) .

(1.40 g, 5.49 mml) in 40 nL of a 1:17%%%hén
added 1ithium hydroxide (0.20 g, 8.
stirred at rt for 18 h and then -
was diluted with equal

acidified with i<.HS04 to pH 3. The

Schene 3, Genera

MOH H20 b.
EDAC, then NH3 in di oxane or

9\ heated to 50'C for
vol umes gf-Nether and water (50 nL) and then
ééky sol ution was

Example R [M + H]
b "N
0
H,N
M,
8 295
/ o -
HN H,N
W
9 f’S\v/”\7,,<: 240
0
HoN
Ve
10 “\r/‘\7,,<: 222
o
B HoN
//
11 ,/»\\/,<\7/’§% 222
0
HoN
RN
12 ,/1\7,,<: 222
o
——NH
M
13 208
0
H,aN
A%
14 270
o)
H,N
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Et 20 at RT c. TFA,
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extracted with ether (3 X 20 mL) . The conbined ether 5 | ayers were dried
over Na2SO4 and evaporated. The residue was stripped fromtoluene (2 X 10
m.) and dried under reduced pressure to give the title conpound as a thick
syrup, 1.20 g, 96% 10 Step 2 N Ooc NHZ To a stirred solution of Step 1
conpound (1.20 g, 5.28 mml) in THE (20 nL) at -15C under nitrogen was
added 4- net hyl norpholine (0.71 nL, 6.50 mmol ) and then isobutyl 15
chloroformate (0.78 nmL, 6.00 mmol) over 5 min. The reaction was stirred at
-15C for 30 mtﬁr—eeeked—%e—~39G—aym}444%ﬁ4%L+i¢¢pawsgLuLion of NH3 in

, 25 mmo

di oxane (50 ). The reacti oji"m xturie was stirrpd at -30C for 30
mn, warnmed tio rt;gnd stirred Wi ghit. The rleactben 20 m xture was

quenched withl citric acid solution/(pR4) and| extracted wWith ether (3 X 50
mL). The conbined organic fractiHehs were washed with brinpe, dried over
Na2SO4 and cloncentrat d. Purificagjomlby fl agh col um chyomat ography on
silica gel with E{ OAc dave t he 25 conround2 .00 g, 84% Step 3
TFA-HN O NHZ 50" "To 4 stirre | ubi on of Stlep 2 g npoupd (0.90 g, 4.00
mmol ) in CH2GL2 (3 M) |at 0C wasNadde€d TFA (3 |nL) The

17 < 256
H,N
0
\'/ S
18 Hi 268
H,N
o)
H
19 4 220
N
H
0
\\“\\
H
20 Soh 220
N
H
o}
S
. 210
2 = {
1 : o
NH,

Vi
8]
HoN

23 242
/I\/‘H
H,N




reaction m xture was sti
concentrated under

rred at OC for 18 h. Th

e reaction

m xture was

reduced pressure 5 to produce title conmpound in the form

of athick oil, 0.98 g, 100% The oil gradually solidified upon prol onged
standing. Step 4 BoCHN O N O 10 NH2 An oven-dried 15- nL test t ube was
charged with Step 3 conpound (56 ng, 0.22 nmol),

N-tert-but oxycarbonyl-(L)- tert-leucine (53 ng, 0.23 mol),

di met hyl am nopyridine (0.11 g, 0.88 mm. ), and CH2Cl12 (4 nlL). The tube
was 15 seal ed [unider nitTjogenmr atmnos Hvlgvgnd treated—w - ((3-

(di net hyl ) am no) propyl ] -i3- et hyl carpedi i mde (84 ng, 0.44 pmol). The

m xture was pliacedZ2#n a ishaker exed overnight. The product was

purified by sa
g of 20 sorber

lid phase

extraction USIDg a Uni

t in a6 L colum)™Y | oading the materi al

ted Technol

ogy SCX colum (2
on-a SCX ion

exchange col uqm and suco

ESSIVE|y washi ng h

CH2CI2— (5

), 30% et hanol
nol (10 nmL). The

unde¥lreduced 25 pressure

in CH2C12 (5 ML), 50% mat halb 2C12/ (5 m}) and net ha
pr oduct contolnlngSfractlons co r at eqg

to give the ddsired anide. Fur nyki fi Chtion by revers
preparative cglumm—chrofatography. on a YNC S51CDS 20 X 25
the title conmgound, 50 (ng (68% j fication condi
elution from 30% net¢ hangl / wat e 0 90% 30 ngfhanol

e phase

0 mm col um gave
tions: G adient
water/ 0.1 TFA

over 15 min. 5 mn. hold at 90¢
NC HoN
T
27 272
' 0
HO H)N
Example 27
HO
H,N N\r)
O CN
5 Step 1
BnO
BocHN Nj/
O CONH,
(25,45,55)—4,5-methano-L—proline carboxylamide, TF& salt
10 (53 mg, 0.22 mmol) was coupled to N-Boc-L-Tyrosine-benzyl
ether (82 mg, 0.22 mmol) using PyBop (172 mg, 0.33 mmol}
and N-methylmorpholine (67 mg, 0.66 mmol} in 4 mL CH,Cl,.
The reaction stirred for 16 h, was taken up in EtQAc,
washed with H;G, 1N agueous HCl, brine, then evaporated
15 and purified by silica gel flash chromatography to give

the coupled product

{FAB MH+ 480).
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met hanol /water/0.1 TFA. Flow rate: 20 nL/mn. Detection wavelength: 220.
Retention Tine: 14 mn. Step 5 BocHN N 5 NC An oven-dried 15-nL test tube
was charged with Step 4 conpound (50 ng, 0.15 mmol), im dazole (31 ny,
0.46 mml), and pyridine (1 nL). The tube was seal ed under nitrogen

at nosphere and cooled to -30C. Slow addition of 10 POC13 (141 ny, 88 ulL,
0.92 mol ) gave after mxing a thick slurry. The tube was m xed at -30C
for 3 h and the volatiles evaporated. The product was purified by solid
phase extraction using a United Technology silica extraction colum (2 g
of sorbent in a 6 nmL columm) by 15 loading the material on a silica colum
and successi vebyepwashing with CH2C1.2 (5 nL), 5% nethanol in CH Cl2 (5
m), .%nethanol in CH2C12 (5 nlL) and 12% nethanol in CH2Cl12 (10 nl). The
product containing fractions were pool ed and entrated under reduced
pressure to give the title 20fconmpound, 46 ng,\96% Step 6 TFA - HZN O N
NC An oven-dried 15-nlL test bg’ was_.char ged Step 5 25 conpound (0. 45
ng, 0.14 mml), CH2C12 (1 nl), &nd TFA Y W TheNreaction m xture was
vortexed for 40 mn at rt, 52 dil yt M

under reduced pressure to a thick oi

__ Theg product was
Boc

5
The Step 1 amide was dehydrated to the nitrile using the
general method C (which fcllows Example 29} (FAB MH+
462 .

10 Step 3

The Step 2 benzyl ether was cleaved by catalytic

15 hydrogenolysis using 10% palladium on carbon and 1
atmosphere hydrogen gas in MeCH at rt for 1.5 h. The
reaction was filtered through celite and concentrated to
an oil and taken on without further purification (FAB MH+
372y .

20
Step 4

HO

N >
H,N

O CHN
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purified by reverse phase preparative columm chronmat ography on a YMC S5 ODS
20 X 250 mmcolum to give 5 the Exanple 6 conpound, 14 ng, 35%
Purification conditions: gradient elution from 10% nmet hanol /water/0.1 TFA
to 90% net hanol /water/ 0.1 TFA over 18 min; 5 min hold at 90%
met hanol /water/0.1 TFA. Flow rate: 20 nL/mn. Detection wavel ength: 220.
Retention Tine: 10 mn. 10 Exanples 7-27 were prepared fromam no aci ds
avai l able from comercial sources according to the procedure in Exanple
6. 53 Table 1 R N~ CN Example R[M+ H 71 8 302 RN 8 / 295 1 0 HN
H2N 9 ~S~/ ~( 249-epH2NN- 10~ Bp>- LOTY RN 122D - (35) 05 HEN -2~k ad@- 222 0 , NH

methano-L-prolylamide was dissolwved in CH,Ci; and TFA was

added at rt. The reaction stirred for 1 h and was

evapprated and purified by preparative HPLC as described

3 in general method B (set out following Example 29) to

afford the title compound (FAB MH+ 272).

Example 28
HO

H,N

O CN
10

The title compound was prepared by coupling (25,45,55)-
4, S5-methano~L-proline carboxylamide, TFA salt described
in Example 6 Step 3 compound with N-{tert-butyloxy-

15 carbonylhydroxyvaline. After hydroxyl protection with
triethylsilyl chloride and dehydraticn of the amide with
POCl3;/imidazole in pyridine and deprotection (N-terminal
nitrogen and vaiine hydroxyl) with TFA using general
method ¢ (FAR MH+ 224}, the title compound was obtained.

20
Example 29

0
Ho_~ I
NH,

CN

Step 1
o H 1
%TNJ"; OH
0

25 OTBS

N-Boc~L-homoserine {1.20 g, 5.47 mmol) upon treatment

with tert-butyldimethylsilyl chloride (1.67 g, 11.04
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13 208 0 H2N 14 270 O H2N - 54 222 T\ OH2N H 16 - 7~ ~( 206
17 256 LLI HZN O S 18 4 268 HZNO 19 N\ 220 HO H20 220i HO
= 0210 NH2 22 ("y~'~ 262 0 H2N

10

15

20

25

mmol} and imidazole (938 mg, 13.8 mmol) in THF (17 mL)
was stirred as thick slurry for 48 h under N,. The
seclvent was evaporated, and the crude material was
dissolved in MeOH (10 mL). The resulting seolution was
stirred at rt for 2 h. The solvent was evaporated, and
the crude material was diluted with CH;Cl: (50 mL) and
treated with O0.1N HC1l (2x10 mL}). The CH,Cl; layer was
washed with brine and dried over MgS0O,. Removal of the
volatiles gave title compound as an ©il {1.8 g), which
was used without further purification (LC/Mass, + ion):

334 (M+H).

Step 2

To a stirred solution of Step 1 compound (333 mg, 1.0
mmoly in 6 mL of CH.Cl, was added 1-[3-{dimethylamino)}-
propyl]-~3-ethylcarbodiimide nydrochloride {256 mg, 1.32
mmol). The solution was then stirred at rt for 30 min,
followed by addition with Example 6 Step 3 amine TFA salt
{160 mg, 0.66 mmol)} and 4-(dimethylamino)pyridine {244
mg, 2.0 mmel). The solution was then stirred at rt
overnight. The mixture was diluted with CH;Ci; (5 mL) and
washed sequentially with H,O, 10% citric acid, brine, then
dried over Na,S04 and evaporated to give the title
compound (350 mg) which was used without further

purification (LC/Mass, + ion): 442 (M+H).

HO
21



23 242 HZN O - 55 24 210 O H2N NC 25 281 0 HZN 26 281 NC HZN 27 272
HO () HZN O Exanmple 27 HO HZN N~ OGOCN 5 Step 1 BnO BocHN N 0 CONH2
(2S, 4S, 59) -4, 5-met hano- L- prol i ne carboxyl am de, TFA salt 10 (53 ng, 0.22
mmol ) was coupl ed to N Boc-L-Tyrosine-benzyl ether(82 ng, 0.22 mol) using
PyBop (172 ng, 0.33 mmol) and N-nethyl norpholine (67 ng, 0.66 nmol) in 4
mL. CH2Cl12. The reaction stirred for 16 h, was taken up in EtOAc, washed
wi th H20, 1N aqueous HCl, brine, then evaporated 15 and purified by silica
gel flash chrong%ggrﬁphy to give the coupled product (FAB MH 480).

OTBS

5 An oven-dried 10-mL round bottomed flask was charged with
Step 2 compound (350 mg, 0.79 mmol), imidazole (108 mg,
1.58 mmol), pyridine (3 mL). The flask under argon was
cooled to -30°. Slow addition of POCl; (0.30 mL, 3.16
mmol) gave after mixing a thick slurry. The slurry was

10 mixed at -30°C for 3 h and the volatiles evaporated.
Dichloromethane (5 mL) was then added and the inscluble
solid was removed by filtration. The organic layer was
washed with H,0O, 10% citric acid, brine and dried over
Na,50;. Removal of sclvent gave crude desired nitrile

15 {330 mg) (LC/Mass, + ionj): 424 (M+H).

Step 4

A

.

N

J

s

H
2 N

20
Trifluoroacetic acid {3.3 mlL} was added to a stirred

solution of Step 3 compound (330 mg, 0.58 mmol) in 3.3 mL
CH,Cl,. The solution was then stirred at rt for 30 min, a
few drops of water were added and the mixture mixture

25 stirred for 0.5 h. The mixture was diluted with CH,Cl; {5
mL} and concentrated under reduced pressure to a thick
0il. The product was purified by reverse phase
preparative column chromatography on a YMC S5 ODS 20xiG0
mm column to give the title compound, 59 mg, 17%.

30 Purification conditions: gradient elution from 10%

methanol/water/0.1 TFA to 90% methanci/water/ 0.1 TFA
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56 Step 2 NCN HNOOO Il BoC 5 The Step 1 am de was dehydrated to the
nitrile using the general nethod C (which follows Exanple 29) (EAB M+
462). 10 Step 3 CN HOHN I Boo The Step 2 benzyl ether was cl eaved by
catal ytic 15 hydrogenol ysis using 10% pal | adi um on carbon and 1 atnosphere
hydrogen gas in MeCH at rt for 1.5 h. The reaction was filtered through
celite and concentrated to an oil and taken on w thout further
purification (FAB M+ 372). 20 Step 4 HOHZN N OCN - 57 Step 3
N[NBm:L1y ] 4S, 53 yan 5- et m de was
15 %giFA rnln) ho(l:é e?t QJ-)OL% {net%noq?gcgéffgg ]IS 'J{

di ssol ved in ed” at 'ed for 1 h
and was Vlow rate 23 mL/mln Detection wavelength: 220,

Retention Time 10 Min. {(LC/Mass, + ion): 210 {M+H).

5 General Method B: Claisen rearrangement sequence to Boc-

protected amino acids.

BocHN OH

10 General method B affords the quaternary Boc—protected
amino acids. Examples 30-47 contain the wvinyl sidechain
by coupling amino acids of which Scheme 4, compound 20 is
representative, Cyclopentanone was olefinated under
Horner-Emmons conditions to afford 17 which was reduced

15 to the allylic alcchol 18 using DIBAL-H in toluene —-78 °C
to rt. Allylic alcohol 18 was esterified with N-Boc
glycine using DCC/DMAF in CH;Cl, to give 19, Glycine
ester 19 was subiected to a Lewis acid mediated Claisen
rearrangement by complexaticn with anhydrous zinc

20  c¢hloride and deprotonation at -78°C with lithium
diisopropylamide followed by warming to ambient

temperature to affeord 20.

- €1 -



evaporated and purified by preparative HPLC as described 5 in general
nethod B (set out follow ng Exanple 29) to afford the title conpound (FAB
M+ 272). Exanple 28 HZNN O CN 10 The title conpound was prepared by
coupling (2S,4S,5S)- 4,5-nethano-L-proline carboxylam de, TFA salt
described in Exanple 6 Step 3 compound with N-(tert-butyloxy 15

car bonyl hydroxyval i ne. After hydroxyl protection with triethylsilyl

chl ori de and dehydration of the amde with PQOCl3/im dazole in pyridine and

deprotection (MNchendl Palgeqdi-hi 0Gen valine hydroxyl) with TFA using
general et hoch (FAB M—eif 224) .t og{'%i’t ’éamcpglrfep%%rqd)é%as obtai ned. 20

Exanple 29 O N NH2 _Step 1 HbvO ﬁ /. OH @ 25 OIBS
N- Boc- L- honoser | 1.20 ¢g—5. 4%-gppl ) Upon_tfea ngRt— W th
tert-butyldinmethylsilyl chlori (1.67 g, 11.04 58 mmol) and i m dazol e

(938 ng, 13.8 mmol) in THE (144 n.) was stirreg as thick slurry for 48 h
under N2. The

Q%O\[K\ijojf O/U\N OH
19

a. Triethylphosphonoacetate, NaH, THF O C o RT b. DIBAL-H, toluene,
-78 C to RT c. N-Boc glycine, DCC, DMAP, CH,Cl,, RT
d. ZnCi,, THF, LDA, -78 C ta RT

Step 1
5 <Cyclopentylideneacetic acid ethyl ester.

To a flame-dried 500-mL round-bottomed flask centaining
NaH {5.10 g of a 60% dispersion in mineral oil, 128 mmol,
1.10 eguiv) in 120 mL anhydrous THEF at 0°C under argon was

16 added triethylphosphoncacetate (25.6 wl, 128 mmol, 1.10
equiv} dropwise through an addition funnel. The mixture
was allowed to warm to rt, stirring for an additiocnal 1
h. A solution of cyclopentanone {(10.3 miL, 116 mmol) in
10 mL anhydrous THF was added dropwise over 20 min

15  through an addition funnel, and the mixture was allowed
to stir at rt for 2.5 h. Ether (200 mL) and water (100
mL) were then added, and the layers were separated. The
organic phase was washed successively with water (100 mL)
and brine {100 mL), dried {MNa:50Q4), and concentrated under

20 reduced pressure, giving 17.5 g {98%) of the desired

ester as a colerless oil.



sol vent was evaporated, and the crude material was dissolved in McOH (10
m.). The resulting solution was 5 stirred at rt for 2 h. The sol vent was
evaporated, and the crude nmaterial was diluted with CH2C12 (50 nL) and
treated with O 1IN HC1 (2x10 nlL). The CH2Cl2 | ayer was washed with brine
and dried over MpSO4. Renoval of the volatiles gave title conpound as an
oil (1.8 g), which 10 was used wi thout further purification (LC Mass, +
ion): 334 (MtH). Step 2 OH O OIBS 0 NH2 15 To a stirred solution of
Step 1 conpound (333 ng, 1.0 mmol) in 6 nL of CH2Cl2 was added

1-[ 3- (di met hyl &ERo¥- propyl]- 3- et hyl carbodi i mi de hydrochl oride (256 ny,
1.32 20 mmol ). ZFhecsepetiandenseth@ibistirred at rt for 30 nin, followed by
addition with Exanple 6 Step 3 amne TFA salt (160 ng, 0.66 mmol) and

4- (di met hyl am no) pyridine (244 ng, 2.0 mol). The sol ution was then
stirred at rt Tover hlygtr-drilee APRtul eonad-detinmed Wiledk GH2ZEE2EBanl) and 25
washed sequgnt icglch Ypihd J1 1dRQeadB8 £iddildC g d.e RN 7 hien 1dri ed over
Na2SO4 and evaporated to give the title conpound (350 ng) which was used
wi t hout furthe™opdr ikt imdnaphednmss toluppm)at 443°¢ MAdRr argen wStsep 3 O
Fi. O \-NN CN zdded DIBAL-H {189 mL of a 1.5 M solution in toluene, 284

mmol, 2.50 equiv) dropwise over a 30 min perieod through
an addition funhel, and the mixture was then allowed to

10 warm to rt, stirring for 18 h. The reaction mixture was
then recooled to —78°C, and quenched by the careful
addition of 30 mlL anhydrous MeCH. Upon warming to rt, 1
N Rochelle’s salt (100 mL) was added, and the mixture was
stirred 90 min. The biphasic reaction mixture was then

15 diluted with Et,0 (200 mL) in a separatory funnel, and the
layers were separated. The corganic layer was then washed
with brine (100 mL), dried {Na;SQ,), and concentrated
under reduced pressure. Purification by flash column
chromatography (silica gel, CHCl, / EtOAc, 10:1) gave

200 11.6 g (92%) of the desired allylic alcohol as a

colorless oil.

Step 3
(2-Cyclopentylideneethyl)-N-(tert-8utyloxycarbonyl)
25 glycinate.
0
J o
NPT
0

To a flame-dried 500-mL round-bottomed flask containing
30 N=-{tert-butyloxycarbonyl)glycine (13.45 g, 76.75 mmol) in
100 mL CH,Cl, at rt was added Step 2 compound (8.61 g,
76.75 mmol, 1.00 equiv) in 20 mL CHpCl,, followed by
dicyclohexylcarbodiimide (16.63 g, mmol, 1.05 equiv) in

80 mL CHy;Clz. To this reaction mixture was then added 4-
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OIBS 5 An oven-dried 10-nL round bottoned flask was charged with Step 2
conpound (350 ng, 0.79 mmol ), imdazole (108 ng, 1.58 mmol), pyridine (3
m.). The flask under argon was cooled to -30C. Slow addition of POC13
(0.30 nmL, 3.16 nmol) gave after mxing a thick slurry. The slurry was 10
m xed at -30C for 3 h and the volatiles evaporated. Dichloronmethane (5 nL)
was then added and the insoluble solid was renoved by filtration. The
organic |l aver was washed with H20, 10%citric acid, bri ne and dried over
Na2SO4. Renoval, . of soI vent 9a§, cr ude desi red ni tr|I S (330 nm)

(LC/ Mass, + i off)TeHulMmpgpy ™ £ 4% 24 L NN 0 d\P %’*?rrf‘li%r oacetic
acid (3.3 nL) was aidedd vaa stisweed tosetut iorrafigit ep hecorpound: (330 ny,
0.58 mmol) in Ridelle HLChen INASQAULhoR RS KRNI Rd AL L, Jor 30

mn, a fewdrops wat er were ad mxture mxture 25 stirred
for 0.5 h. ThefuPRelr Finsdngi vit'ed O Pl €12 3% crpyeahd tesheeder at ed
under reduced peassed q;ﬁe@sarbhl Ckhe Qirlide Theodiickdues was puiities by reverse
phase preparatiye cglum chro nat o ph on, a,YMC S5 00 mncol um
to give the tltf 35%0 rootﬂnr?&oqgﬁp &ﬁ XB%GJF’urhle FE% |%r% é:dnélg’tl oHS:

gradi ent el uti énlf@mﬁlm% net@m‘rﬁnlll%/éﬁew 0246 )TPA the 9%imetthanol / wat er/

0.1 TFA - 60 4Qy8inyD d8dr asM NNQdedl (g)ﬁ/o met hanol /water/ 0.1 TEA. Fl ow
rate: 20 nli/mn. Detection wavel ength: 220

10 Step 4

N-{tert-Butvioxycarbonyl} (1’ vinylcyclopentyl)-giycine

OH
BocHN

i5
A flame-dried 5300-mL round-bottomed flask under argon was

charged with @nCl, {11.8 g, mmol, 1.20 equiv) and 20 mL
toluene. The mixture was heated under vacuum with
vigorous stirring to azeotrecpe off any traces of molsture
20 with the distilling tcluene, repeating this process {2
x}. The flask was then cocled to rt under argon, {2-
cyclopentylideneethyl) N=-({tert-butyloxycarbonyl)glycinate
{19.36 g, 71.88 mmol} was added via cannula as a solution
in 180 mL THF, and the mixture was then cooled to -78°C.
25 1In a separate flame-dried 200-mL round-bottomed flask
containing diisopropylamine (26.3 mL, mmol, 2.60 equiv)
in 90 ml THF at -78°C was added n-butyllithium (71.8% mL
of a 2.5 M solution in hexanes, mmel, 2.5 equiv), and the

mixture was allowed to warm to 0°C for 30 min before

30 recooling to -78°C. The lithium diiscopropylamine thus
generated was then added via cannula to the ZnCli, ester

mixture dropwise at a steady rate over 40 min, and the
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Retention Tine 10 Mn. (LC/ Mass, + ion): 210 (MtH). 5 General Method B:
Cl ai sen rearrangenent sequence to Boc- protected am no acids. BocHN OH O
10 CGeneral nethod B affords the quaternary Boc-protected am no acids.
Exanpl es 30-47 contain the vinyl sidechain by coupling am no acids of
whi ch Schenme 4, conpound 20 is representative. Cycl opentanone was
ol efi nat ed under Horner-Emons conditions to afford 17 which was reduced
15 to the allylic alcohol 18 using DIBAL-H in toluene -78 C to rt. Alylic
al cohol 18 was estgéi fied with NNBoc glycine using DCC/DVAP in CH2Cl12 to
give 19. 4 yci AE°UesTEr KA sbftetite 2 or Wl avedi 50 atiar ivediatedo C: Lai sen
rearrangement By eodpsteixatdvennigtith. artmedyouseZife-20:Chgnide and
deerotonation @t .p 785 h Lithi i.isopropyl.am de foll owed_by warm ng to
aribi ent  t enper a?ﬁr% to aplpord 2%@%%t°§¥_h£e§ﬁ’£%&,’ Banert "WERhAE® B2 Exanpl es
30-47 a C~ b c @9/ argethepsuldany 289am@ Mol ke isrOMANWESEd 19 20  a.
Thet hyl phosphosoaces aiws1 yNaltleh ThHio QrCikoudl a BoBAL: H il ugp;_aed] -78 Cto
RT c. N-Boc g Xﬁ!ﬂ:&%q}%d %@’engfgt%cg’unglrdfec%.lr!:ce;dzbr;arys':ﬁrer_.[) » ~/8 Cto RT
Purification by flash chromatography (silica gel, 3% MeOH
in CH;Cl, with 0.5% HOAc) gave 17.8 g (92%) of the desired

amino acid product as a white solid. (FAB MH+ 270).

10

Example 30
General Method C: Peptide coupling to 4,5-methano-

prolinamide, amide dehydration and final deprotection.

N

HoN
15 0 CN

The TFA salt of amide 13 was coupled to a variety of
racemic quaternary protected amino acids using HOBT/EDC

20 in DMF at rt to give a D/L mixture of diastersomers at
the N-terminal aminoc acid. The desired 1 diasteresocmer
was chromatographically isolated either as the amide 21
or as the nitrile 22, Nitrile 22 was obtained by
treatment of the amide with POCli/imidazole in pyridine at

25 -20°C. The final target 23 was obtained by deprotection

under acidic conditions using TFA in CH.Cl,.
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Step 1 5 Cycl opentylideneacetic acid ethyl ester. To a flane-dried 500-nL
round-bottoned flask containing NaH (5.10 g of a 60% di spersion in m neral
oil, 128 mmi, 1.10 equiv) in 120 nL anhydrous THF at OC under argon was
10 added tri et hyi phosphonoacetate (25.6 nu,, 128 nunol, 1.10 equiV)
dropwi se through an addition funnel. The m xture was allowed to warmto
rt, stirring for an additional 1 h. A solution of cycl opentanone (10.3 ni,
116 nmml) in 10 nL anhydrous THF was added dropw se over 20 min 15 through
an addition funnel, and the m xture was allowed to stir at rt for 2.5 h.

Et her (200 nLFchﬁﬂaﬁbtéﬁneiébiﬁﬁﬁpdmére t hen added, and the |ayers were
separated. The organic phase was washed succeSS|ver i.th water (100 niL)

and brine (100 M)A dried (Na2SO4 Rd scopcent rat ed reduced
pressure, givVving \5 g (98% of déé$$ed gster lTess oil. 62
Step 2 2- Cycl'bjsdng ,pund bot t oned

i %: Iane—drl%d
fl ask containingH5 cIo yl I denea eﬁ?% ﬂCId et hyf* H\ﬂ7 5 g, 113
mmol) in 100 nL anﬁyd?@uﬂu Qene at - 78C Uhder argon was® atfed DI BAL-H
(189 nL of a 1.5 Mgsolution ®n tolueng, 284 mol, 2.50 eQU|v) dr opw se
over a 30 mn period throu an addition funnel, and thé®ni xture was then
allowed to 10 warmto rt, rﬁl % 18 h. The reaction m xture was then
recooled to -78C, and qu ed A t'he careful addition of 30 nL anhydrous
MeOH. Upon war m-pg—+e r ochell e's salt (100 nL) was added, and the

m xture was stirred 98“#? Thelbi phasic reaction mixture was then
CN

23

a. EDAC, HOBT, DMF b. POCI,, pyridine, imidazole, -20C ¢ TFA, CH,Cly, RT

SO

s CONH;

Step 1

Example 6 Step 3 compound (877 mg, 3.65 mmol) and MN-Boc
cyclopentylvinylamino acid, described in Step 4 of

1}  general method B (1.13 g, 4.20 mmol) were dissolved in 20
mL anhydrous DMF, cocled to 0°C and to this mixture was
added EDAC {i.62 g, 8.4 mmol}, HOBT hydrate (2.54 g, 12.6
mmol, and TEA (1.27 g, 12.6 mmol} and the reaction was
allowed to warm to rt and stirred for 24 h. The reaction

15 mixture was taken up in EtOAc (100 mL), washed with HyO (3
x 20 ml), dried (Na,504), and purified bylsilica gel flash
column chromatography (100% EtOAc) to give 1.38 g (86%)
of Step 1 compound {MH+, 378).
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15 diluted with Et20 (200 nmL) in a separatory funnel, and the |ayers were
separated. The organic | ayer was then washed wth brine (100 nL), dried
(Na2SO™4), and concentrated wunder reduced pressure. Purification by flash
colum chromat ography (silica gel, CH2Cl2 / EtOAc, 10:1) gave 20 11.6 ¢
(92% of the desired allylic alcohol as a colorless oil. Step 3

(2-Cycl opentylideneethyl)-N(tert-Butyloxycarbony.l) 25 glycinate. O 4-10
N HOTo a flame-dried 500-nm round-bottomed flask containing 30
N—(tert-butyl%E%gqébonyl)glycine (13.45 g, 76.75 nmol) in 100 nL CH2Cl2 at
rt was added P conmpound (8.61 g, 76.75 nmmol, 1.00 equiv) in 20 nL
CH2Cl 2, followed by dicyclohexylcarbgdini mde (16.63 g, mmol, 1.05 equiv)
in 80 nmL CH2C12 To this reaction m e t hen added 4 - 63

di met hyl am nopyridine (0.94 ng, mol, "4, 1@ equiv), and the m xture was
allowed to stir overnight. The red®ein JTm Xture was then filtered through
a medi um sintered-glass funnel, rinsing®w t4% 100 nL CH2C12, and
concentrated under 5 reduced pressure-—The-—crude product was then purified
by flash ghr graph il el xanes/ Et OAc,. 20:1 t :1 gradient)
to give 19543982%8ﬁ¢§%8¥uﬁﬁel%§§ﬁg@dB-dfng§§|a%é¥§ 1%%50280 ?%%Iess oil. 10
Step 4 N-(terg-Butdf onpdar bory ldeiedvibnyl cysehepematinopgi y&ime x OH

23, dissolved in 10 mL anhydrcus pyridine, cooled te -30°C

under nitrogen gas and POCi; (2.23 g, 14.60 mmolj was
added by syringe. The reaction was complete after 1 h

10  and was evaporated to dryness and the remainder purified
by twe seguential flash celumn chromatographies over
silica gel. The first column (100% EtOAc) was used to
isplate the mixture of diasterecmers (1.15 g, B88%) from
the by-products of the reaction. 7The second column

15 {gradient of 25% EtCAC/hexanes to 50% EtOAc/hexanes) was
run to resolve the mixture of diastereomers and provided

504 mg of the desired Step 2 nitrile (MH+360).

Step 3

HoN

Step 2 compound (32 mg, 0.09 mmol) was dissolved in 1 mL
of CH,Cl; and 1 ml of TFA was added and the reaction

25 stirred for 30 min at rt and was evaporated to dryness.
The product was purified by reverse phase preparative
column chromatography on a YMC S5 0DS 20 X 250 mm column
to give 12 mg of the TFA salt (lycophilized from water or
isolated after evaporation of eluent and trituration with

30 ether) the title compound. Purification cenditions:

gradient elution from 10% methanol/water/0.1 TFA to 90%
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BocHN O 15 A flame-dried 500-nL round-bottoned flask under argon was
charged with zZnCl12 (11.8 g, mmol, 1.20 equiv) and 20 nL toluene. The

m xture was heated under vacuumw th vigorous stirring to azeotrope off
any traces of moisture 20 with the distilling toluene, repeating this
process (2 x). The flask was then cooled to rt under argon, (2-

cycl opentylideneethyl) N-(tert-butyl oxycarbonyl)glycinate {(19.36 g, 71.88
mol ) was added via cannula as a solution in 180 nL THF, and the m xture
was then cooled to -78C. 25 In a separate flanme-dried 200-nL round-bottoned
fl ask cont ai ReAEHli/Sope oY larfifhect26. P min/ nhotin .2heddequi 0% in 90 ni
THF at -78C Wﬁét@ﬂdﬂdwﬁtbﬂf@]lHﬁhﬁmﬁbfaiuﬁﬂcNECL@f F1d45rMsolagtion in
hexanes, Znth eqlble\&t,:t%lg ?Q%e%& urgowas allowed to warmto OC for

3’n

30 mn before 30 rétool | ng to - e | |th| um di i sopropyl am ne thus

gener at ed s_then added via cannula to the ZnCl2 ester m xture dropw se
at a steady rat@ RV 4037 veraamdSPRES 6% tr&sTftRAfS rEALiTEh i xture was
al lowed to sl oshyratanmchod Btarandestisl awamhobght stakhe ngelfkow reaction

m xt ure was Qyr nt O r I Iuted with 300 mi

Et 20, and theEPgPO ar?%gglra arh’&%ggﬁﬁ?%% ﬁclﬂgﬂ&an&) ‘successively with 300
m. 1N Hd andCSGDOYFﬁPtl?PPﬁe: PG lepctpnaPSOPLs-dnél- concent rat ed under reduced

pressure. Pupifé ndgmlayemézfdheqhmmwraahue(mIlca gel, 3% MCH in

S:zgl\ih;’“t SSF?% OF(’T—O/% %%\ég%%mla%ﬁggg, acoeftogﬁg,e gne; Bre[:)gantgm:nrqlg acid product

respectively.
Table 2
0
R
N
HaM
NC
15
M5
Example R (M o+ H)
30 260
\
JJ'
31 $ 246
32 i& 274
33 % ‘ 288
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Exanpl e 30 General Method C. Peptide coupling to 4,5-nethano- prolinam de,
am de dehydration and final deprotection. NZN N 15 O CN The TFA salt of

am de 13 was coupled to a variety of racem c quaternary protected am no
acids using HOBT/EDC 20 in DWMF at rt to give a D)L m xture of

di astereoners at the N-termnal amno acid. The desired L di astereoner was
chromat ographically isolated either as the amide 21 or as the nitrile 22.
Nitrile 22 was obtained by treatnent of the am de with POCL3/im dazole in
pyridine at 25 -20C. The final target 23 was obtai ned by deprotection

under acidiclconditions usiing TEAT 2Cl 2. 65 Schene 5, Gerleral Method C
H. .. HH HHH ab TFAHN NEéTOCHRR\I BocHN NH CONH2 YOH O H CONH2 O H CN
BocHN lift 13 021 %2 H HCT 0 HGON 23 a’"EDAC, HJST, DM b.
POC13, pyridine, imdazole, -20C c. TFA|| CH2CIi2, RT Step 1 BogHN N A O
CONH2 :

35 288
7/ >
0.
36 276
=
Ned
37* e 232
_Ff

38 %\( 234
N

39 262
T
_rf

* Step 3 compound was prepared by the method described in Tetrahedron

Letters 1996, 1281-1284,

Example 40

£

CN
5 F  NH O

Step 1

OH




Exanple 6 Step 3 compound (877 ng, 3.65 mmol) and N Boc

cycl opentyl vinylam no acid, described in Step 4 of 10 general nethod B
(1.13 g, 4.20 mmol) were dissolved in 20 nL anhydrous DMF, cooled to 0OC
and to this mxture was added EDAC (1.62 g, 8.4 mmol ), HOBT hydrate (2.54
g, 12.6 mmol, and TEA (1.27 g, 12.6 mml) and the reaction was allowed to
warmto rt and stirred for 24 h. The reaction 15 m xture was taken up in

Et OAc (100 niL), washed with H2O (3 x 20 nL), dried (Na, SO4), and purified
by silica gel flash colum chromatography (100% Et OAc) to give 1.38 g
(86% of Step 1 conmpound (M, 378). - 66 Step 2 9BocHN N O CN 5 Step 1
gorrpoimd (1. 3&w@p 3. @%n;mmid) wa?dpiaé’ﬂéiiélziobgpléhgiﬁg @Enex?&;]ﬁ@nerﬂﬂ‘.ﬁﬁ) awe(rje dried
y tol uene azeqtrope nmk x 2), dissolved,in 10 nL anhydrqus pyridine,

b0l ed o - 30C GRAER MTT G3ea At R POri 2 (7 g 1 HOEhRRT) wae

added by syri mypenoFhetreactnisonadast comsltby epiafardionahel®-sand was evapor at ed
to dryness sand the renmai nder purified by two sequential flash colum
chromat ographi es over silica gel. The first columm (100% Et OAc) was used
to isolate th&®Ri fture of diastereomers (1.15 g, 88% from the

by- products of the reaction. The second cpum 15 (gradient of 25%

Et CAC/ hexanes to 50% Et QAc/ hexanes) -was n~to resol ve the m xture of

di astereoners and provided 504 ny t he \degi
Step 3 ZNN'(> LOOCN

ired Step 2 nitrile (MH+360).
CN

F NH, ©

10 Title compound was prepared by the peptide coupling of
Step 1 acid followed by dehydration and final

deprotection as described in general method C [MS (M+H)

27871.
15 Example 41
(?l
CN
F NH, O
Step 1
8]
OH
F NHBoc
20
Step 1 compound was prepared employing general method B
starting from cyclobutanone and 2-fluoro-triethylphos-
phoncacetate instead of triethylphosphoncacetate.
25
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Step 2 conpound (32 ng, 0.09 nmol) was dissolved in 1 nL of CH2Cl12 and 1
m. of TFA was added and the reaction 25 stirred for 30 min at rt and was
evaporated to dryness. The product was purified by reverse phase
preparative colum chromatography on a YMC S5 OD5 20 X 250 nmcolum to
give 12 ng of the TEA salt (lyophilized fromwater or isolated after
evaporation of eluent and trituration with 30 ether) the title conpound.
Purification conditions: gradient elution from 10% et hanol/water/0.1 TFA
to 90% 67 methanol/water/0.1 TPA over 18 min; 5 min. hold at 90%
met hanol / wat er/6P12t ri fl uoroacetic acid. Plow rate: 20 nL/nin. Detection
wavel engt h: 220. 5 Exanples 30-39 were prgpared by the nethods outlined in
General Method B and CGeneral Method C stagtirgg from cycl opentanone,
cycl obut anone, cycl ohexanone, cycl pt ahone¢, cycl ooctanone, cis-3, 4-
di met hyl cycl opent anone, and 4- pyr. C ippropaneethylheniacetal

gle 0

acetone, and 3-pentanone respecti . R jj N C |5 -M-
Example P. [M+ H) 30 260 31 246F NH;

3 Title compound was prepared by the peptide coupling of
Step 1 acid followed by dehydraticn and final

deprotection as described in general method C. MS {(M+H)

264,
10 Example 42
HzN N
o)
CN
Step 1
0
OH
NHBoc
15
tep 1 compound was prepared employing general method B
starting from cyclopentanone and triethylphosphono-
propionate instead of triethylphosphoncacetate.
20
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32 274 33 289 68 34 302 11 | 35 268 36 276 37* 232 38 234 39 262
Step 3 conpound was prepared by the nethod described in Tetrahedron Letters
1986, 1281-1284. Exanple 40 CN 5 F NH2 O Step 1 Y OH FHN O 1 Boc 69
Step 1 conpound was prepared enpl oyi ng general nethod B starting from

cycl opent anone and 2-fluoro-triethyl phos- phonoacetate instead of

tri et hyl phosphonoacetate. 5 Step 2 RCN F NH2 O 10 Titl e conmpound was
prepared by the peptide coupling of Step 1 acid followed by dehydration
and final depyQiestion as described in general method C [M5 (MtH)

iifi;i—n
0
CN

5 Title compound was prepared by the peptide coupling of

Step 1 acid followed by dehydration and final

deprotection as described in general methed C. MS {(M+H;

274
10 Example 43
jZfiism
O
CN
Step 1

e}
OH
NHBoc

15
Step 1 compound was prepared employing general method B
starting from cyclobutanone and triethylphosphono-
propicnate instead of triethylphosphonoacetate.

20
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2781 15 Exanple 41 CN F NHZ O Step 1 OOH F NHBoc 20 Step 1 conpound was
prepared enpl oyi ng general nmethod B starting from cycl obutanone and
2-fluoro-triethyl phos- phonoacetate instead of triethyl phosphonoacetate. 25
70 Step 2 CN F NH2 O5 Title conpound was prepared by the peptide
coupling of Step 1 acid followed by dehydration and final deprotection as
described in general nethod C M5 (M+tH) 264. 10 Exanple 42 H2ZN N Y O CN
Step 1 OH NHBoc 0 15

Step 2

HzN N

CN

>  Title compound was prepared by the peptide coupling of
Step ! acid follewed by dehydration and final
deprotection as described in general method C. MS (M+H)
260.

i0 Example 44

General Method D: Oxidative cleavage of vinyl
substituent by ozonolysis. The protected
cyclopentylvinyl nitrile 22 was treated with aozone for 6-

15 8 min and subjected to a reductive quench with sodium
borohydride to furnish the hydroxymethyl analog 24
directly. This compound was deprotected under acidie
conditions with TFA in CHpCl; at 0°C to give the target
compound 25,

20

Scheme 6, General Method D, Examples 44,46,48

Q\gig HO %iz HO giz
a b
BocHN N@ BocHN N@ TFAH,N N@
8] CN o CN o] CN
22 24 25

a. O3, MeOH:CH,Cl,, 10:4, -78 C; then NaBH,, -78 Cto 0 C, 79%
b. TFA:CH,Cl,, 1:2, 0 degrees C.




Step 1 conpound was prepared enpl oying general nethod B starting from
cycl opent anone and tri et hyi phosphono- propionate instead of

tri et hyl phosphonoacetate. 20 71 Step 2 HZN N OCN 5 Title conpound was
prepared by the peptide coupling of Step 1 acid followed by dehydration
and final deprotection as described in general nethod C. Ms (MtH) 274 10
Exanple 43 H2ZN N Y OCN Step 1 OOH 15 680C Step 1 conpound was
prepared enpl oyi ng general nethod B starting from cycl obutanone and
triethyl phOSp%%Q%' LPr opi onate instead of triethyl phosphonoacetate. 20 72

Step 2 H2N N
HO
BocHN N
"0 CN

Cyclopentylvinyl compound prepared in Step 2 of general

5 method C (1.28 g, 3.60 mmol) was dissolved in 56 mL of a
2:5 mixture of CH2Clz:methanbl, cooled to -78°C and was
treated with a stream of ozone until the-reaction mixture
took on a blue color, at which time, NaBH; (566 mg, 15.0
mmol, 4.2 equiv) was added and the reaction was warmed to

10 0°C. After 30 min, the reaction was gquenched with 2 mL
saturated aqueous NaHCO; and then warmed to rt. The
reaction mixture was evaporated to dryness and taken up

" in EtOAc. A small amount of water was added to dissolve
the inorganics and the layers separated. The EtQOAc layer

15 was dried {Na,S04), filtered and evaporated to an oil that
was purified by flash column chromatography on silica gel
with EtOAcC to glve 922 mg (71%) of Step 1 compound.

MS (M+H) 364 .

20 Step 2

HO

H,N
O ON

Step 1 compound {900 mg, 2.48 mmol) was dissolved in 60
mL of CH,Cl;, cooled to (0°C and treated with 20 mlL of

25 freshly distilled TFA. The reaction was complete in 80
min and the mixture was evaporated to dryness and
purified by preparative HPLC (YMC S5 ODS 30 x 100 mm, 18
minute gradient 80% Solv A:Solv B to 100% Solv B, Solvent
A = 10% MeOH-90%H0-0.1% TFA, Solvent B = 90% MeOH-10%
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“CN 5 Title conpound was prepared by the peptide coupling of Step 1 acid
foll owed by dehydration and final deprotection as described in general
nmethod C. M5 (MtH) 260. 10 Exanple 44 General Method D: Oxidative cl eavage
of vinyl substituent by ozonolysis. The protected cyclopentylvinyl
nitrile 22 was treated with ozone for 6 15 8 mn and subjected to a
reductive quench with sodium borohydride to furnish the hydroxynethyl
analog 24 directly. This conpound was deprotected under acidic conditions
with TFA in CH2012 at 0C to give the target conpound 25. 20 Schene 6,
General Met hod'$, "EXanpifes c#4126t a8 prodNat af HEr NA b 6HD mBOCKHN BoekN r Y\
TFAHZN N O CN £rtEN Qyobhi PR 24128 foom 03 O €HRLC 2121064, £ +¢t4& C, then
NaBH4, -78 Cto O C'm/b TH\GQQ%ylZ Od%¥e5é12§ Step 1 HO
BocHN " 0 CN TY¢iopent yiviTHyi conpound’préﬁgféd 1st8pt2%0F general 5
method C (1.28 g, 3.60 mmwl) was dissolved in 56-nL of a 2:5 mXxture of
CH2C12: net hmnol , cooled to -78C and gagpikrggted with a streamof ozone
until the reactlon m xture , .
neral Method E: Oxidative cleavage of vinyl

substituent by osmium tetroxide-sodium periodate followed

by sodium berohydride reduction to alcohel. The

cyclobutylolefin 26 was treated with osmium tetroxide and

10 sodium pericdate in THF:water, 1l:1, and the intermediate

aldehyde was isolated crude and immediately reduced with

~sodium borohydride to give 27 in 56% vield. Standard

deprotection conditions using TFA afforded the target

compound 28.

15
Scheme 7, General Method E, Examples 45, 47
HO /5\
b N \
BocHN" T BocHN \ﬁ/ TFAH,N ~
QO Ch
28 28
a.0s0y, THF:H,0, 1:1; NalO,; workup,then NaBH,, MeOH, RT. 56%
b. TFA:CH.Cl,, 1:2, 0 degrees C to RT.
N
CN
HO
20 HN o}
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took on a blue color, at which tinme, NaBH4 (566 ng, 15.0 mmol, 4.2 equivV)
was added and the reaction was warnmed to 10 OC. After 30 min, the reaction
was quenched with 2 nL saturated aqueous NaHCO3 and then warned to rt. The
reaction m xture was evaporated to dryness and taken up in EtOAc. A snal
amount of water was added to dissolve the inorganics and the |ayers
separated. The EtOAc |ayer 15 was dried (Na2SO4), filtered and evaporated
to an oil that was purified by flash colum chromatography on silica gel
with EtOAc to ’% 922 ng (71% of Step 1 compound. MS(M+H)364. 20 Step 2
HHH 2N N 0O CN tep 1 conmpound (900 ng, 2.48 mmol) was dissolved in 60 nL
of CH2Cl2, cooled to OC and treated with mL of 25 freshly distilled TFA.
The reaction was conplete in 80 m d e ™ xture was evaporated to
dryness and purified by preparati LCYYMZ S5 ODS 30 x 100 nm 18

m nute gradient 80% Solv A:Solv B to TWB, Solvent A = 10%

McOH 90%4H20- 0. 1% TFA, Sol vent B = 90% 10% ¥ H O -.1% TFA, collected
product from5.1-6.5 nmin) to givé? arter yophillization fromwater, 660
ng (71% of title conpound, TFA salq as a‘white lyophillate. (NH+264). 5
Exanpl e 45 General Method E: Oxi dati we: cl eavage of vinyl substituent by
osm um t et roxi de-sodi um peri odate_foll owed by sodi um borohydride reduction
to al cohol. The cyclobutylolefin 26 was treated with osm umtetroxide and

5 N-Boc protected cyclobutylvinyl compound {Example 231,
prepared by general method €} (0.16 g, 0.46 mmol) was
dissolved in 10 mL of a 1:1 mixture of THF:water and
treated with 0s0, (12 mg, catalyst) and NaIOs (0.59 g,
2.76 mmel, 6 equiv). After 2 h, the reaction mixture was

10 diluted with 50 mL of ether and 10 mL of water. The
layers were equilibrated and the organic fraction was
washed one time with NaHCO; solution, dried over MgSO; and
concentrated to give a dark oil. The oil was diluted
with 10 mL of methanol and treated with NaBH, (0.08 g, 2.0

I5 mmol). The mixture turned very dark and after 30 min was
diluted with ether and the reaction was gquenched with
agqueous NaHCO; solution. The mixture was equilibrated and
layers separated. The organic fraction was washed with
solutions of NaHCO; and 0.1 M HCl. The organics were

20 dried (MgSO,) and concentrated to give 90 mg (56%) of the

Step 1 compound as a dark oil,.

Step 2

CN
HO
H,N Q
25
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10 sodium periodate in THF: water, 1:1, and the internedi ate al dehyde was

i solated crude and i mredi ately reduced with sodi um borohydride to give 27
in 56%yield. Standard deprotection conditions using TFA afforded the
target conpound 28. 15 Schene 7, General Method E, Exanples 45, 47 HO b HO
"/ X BocHN -t4 BocHN ~N TFAH2ZN N( OCN O CN O CN 26 27 28 a.(0s04,

THF: H20, 1:1; NalO4; workup,then NaBH4, M CH RT. 56%b. TFA:CH2Cl 2, 1:2, O
degrees Cto RT. NCN HO20 HN O 75 Step 1 NCN HOHN O Buc 5 N Boc
protected cycl obutyl vinyl conpound (Exanple 31, prepared by general nethod
C (0.16 g, 0.3Bmmokympasnd diXsobved- i h Ol wed diskol vadXximre mof

THF: wat er and zr,ea ed wi 04 2 Lyst nd_Nal04 (0.59 g, 2.76
nol , 6 equiv. TAFTE Wog?ﬁ(?rfoea[gz |%rr;r:9n%rxetaure vvagsh%o " PGt BFSh*th 50 L of

et her and 10 nil%tfllwaﬁef.m?rhﬁhd agersiserasequipidreatied 8andit herddr gani c
fraction was evaporated to dryness and purified by preparative HPLC

5 (YMC 85 CDS 30 x 1006 mm, 10 minute gradient 100%A to
100%8, Solvent A = 10% MeOH-90%HZ20-0.1% TFA, Solvent B =
50% MeOH-10% H;O -0.1% TFA, to give, after removal of
water, 50 mg {60%) of title compound. (MH+250).

10 Table 3

NC

Method of

Example Preparation M + H)

R
Ozonolysis/
44 Qvé borohydride 264
Osmium/periodate/
45 § borohydride 250
H
Qzonolysis/
46 borohydride 278
HO N

Osmium/periodate/

borohydride 292

ég
Ozonolysis/
borohydride
48 § 292
HO
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washed one tine with NaHCO3 sol ution, dried over MgJSO4 and concentrated to
give a dark oil. The oil was diluted wth 10 nL of methanol and treated
with NaBH4 (0.08 g, 2.0 15 mmol). The mixture turned very dark and after 30
mn was diluted with ether and the reaction was quenched with aqueous
NaHCO3 sol ution. The m xture was equilibrated and |ayers separated. The
organic fraction was washed with solutions of NaHCO3 and 0.1 M HCl. The
organics were 20 dried (MgSOX) and concentrated to give 90 ng (56% of the
Step 1 conpound as a dark oil. Step 2 %Y C JS NHO HZN O 25 76 Step 1
conmpound (90 ng, 0.26 mmol) was dissolved in 3 MI' of CH2Cl2, cooled to OC
and treated with 3 nL of freshly distddohedsdJFA. The reaction was conpiete
in 80 mn and evaporated to dryness an urified by preparative HPLC 5
(YMC S5 CGS 30 x 100 mm 10 m nute gradi 00%A to 10098, Solvent A =
10% MeOH 909%H20- 0. 1% TEA, Sol vent B = 10% H20 -0. 1% TFA, to give,

after renoval of water, 50 ng (609 'NI ejconpound. (MH250). 10 Table
3 O R 2 NC Method of Exanple R Pre i cJ'H]
HO
HoN o}
5 Step 1
O
o

Part A. A 50-mlL flask was charged with dihydro-4, 4-

10 dimethyi-2, 3-furandione (5.0 g, 39.0 mmocl), acetic acid
(10 mL), sodium acetate (3.82 g, 39.0 mmol) and
hydroxylamine hydrochloride (2.71 g, 39.0 mmol). The
reaction mixture was stirred for 2 h at rt and
concentrated under reduced pressure to remove most of the

15 acetic acid. The remainder was poured into water {100
mL] and the agqueous phase extracted with EtQAc (3 X 40
mL) . The organics were dried over Na;S50; and concentrated

to a colorless oil which seolidified on standing.

20 Part B. A 200-mL round bottomed flask was charged with
Part A solid (@ 39 mmol) and diluted with 80 mL of
ethanocl and 39 mL of 2N HC1l (78 mmol). The mixture was
treated with 1.0 g of 5% Pd/carbon and the mixture
degassed. The flask was placed under an atmosphere of H;

25 for 8 h. The mixture was filtered through celite and the

filtrate concentrated to an off white solid.
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Qzonol ysis/ 44 @ borohydride 764 HO' Gsm um periodate/ 45 borohydride
250 Ozonol ysi s/ 46 borohydride 278 HO Osm uni periodate/ 47 borohydride
292 H QOzonol ysi s/ borohydride 48 292 HO 77 Exanple 49 CN HOH N 5

Step 1 0 0 NH Boc

Part A. A 50-nL flask was charged with di hydro-4,4 10

di met hyl - 2, 3-furandione (5.0 g, 39.0 aunol), acetic acid (10 nL), sodium
acetate (3.82 g, 39.0 mmol) and hydroxyl am ne hydrochloride (2.71 g, 39.0
nmol ). The reaction mxture was stirred for 2 h at rt and concentrated
under reduced pressure to renove nost of the

Part C.

A 250-mL round bottomed flask was charged with

Part B solid and diluted with THF (50 mlL) and water (15

mL} . The mixture was treated with di-tert-

butyidicarbonate {(12.7 g, 117 mmol) and sodium

n

bicarbeonate (10.0 g, 117 mmol)}. After 4 h of stirring

the mixture was diluted with 50 ml of ether and 50 mlL of

water.

The layers were separated and the organic

fraction dried over MgSO, and concentrated. The residue

was purified by flash column chromatography on silica gel

10 with 30% EtOAc in hexanes to give 2.00 g (22% overall) of

Step 1 compound as a white solid.

Step 2

i3

HO
NH

T8S——0 Boc

To a stirred scolution of Step 1 compound (1.00 g, 3.80

mmol)

in THF (20 mL) at rt under nitrogen was added LiOH

hydrate (0.16 g, 3.80 mmol}) and then water (5 mlL). The

reaction was stirred at 40°C for 0.5 h and theﬁ cooled to

200 rt. The mixture was concentrated to dryness and the

remainder was stripped from THF (2X), toluene {2X} and

THE (1X)}. The remaining glass was diluted with 5 mL of
THE and treated with imidazole {0.63 g, 9.19 mmol)
followed by t-butyl—dimethylsilylrchloride {1.26 g, 8.3¢6

25 mmol).

The reaction was stirred overnight and quenched

with 10 mL of methanol. After 1 h of stirring the

mixture was concentrated. An additional portion of

methanol was added and the mixture concentrated. The oil
was diluted with ether and 0.1 N HCl (pH 2). The layers

30 were equilibrated and aqueous drawn off. The organic



15 acetic acid. The remmi nder was poured into water (100 nlL) and the
aqueous phase extracted with EtQAc (3 X 40 nl). The organics were dried
over Na2SO4 and concentrated to a colorless oil which solidified on
standing. 20 Part B. A 200-nL round bottoned flask was charged with Part A
solid (@39 mmol) and diluted with 80 nL of ethanol and 39 nL of 2N HCl
(78 mmol ). The m xture was treated with 1.0 g of 5% Pd/carbon and the

m xture degassed. The flask was placed under an atnosphere of H2 25 for 8
h. The rrixtureras filtered through celite and the filtrate concentrated
to an of f white 3TIiG P8 CPEFY CErAMoBe andr eRifEBERE ORI fdiask was
charged with Pati B @S0kidoansteti Rutedpondd aFHE ¢S50 iTelsagdaynater (15

m.). The m xture was treated with di-tert butyldicarbonate (12.7 g, 117
mmol ) and sodi um 5 bi carbonate (10.0 g, 117 nmmol). After 4 h-of stirring
the mixture wad'®f [{uted with 50 nL of ether and 50 nL of water. The |layers

were separated and the organic fraction i ed over MgSO4 and concentr at ed.
The residue was purified by flash colu mat ogr aphy on silica gel 10
with 30% Et OAc in hexanes to give 2.00/ g (\22% overall) of Step 1 conpound
as a white solid. Step 2 0 HO NH BS- On 15 To a stirred solution of
Step 1 conmpound (1.00 g, 3.80 CN
HO
5 HyN 0

The Title compound was prepared by the peptide coupling

of Step 2 carboxylic acid with Example 6 Step 3 amine,

followed by dehydration and deprotection as outlined in
10 General Method C. MS (M+H) 238.

General Method ¥F: Catalytic Hydrogenation of vinyl
substituent. As shown in Scheme 8, the protected vinyl
substituted amino acid 20 was transformed to the

15 corresponding saturated analog 29 by catalytic
hydrogenation using 10% Pd/C and hydrogen at atmospheric

pressure,

Scheme 8, General Method F, Examples 50-56

Y a
BocHN OH BocHN oH
o
29

o}
20
20 ' a. 10% PA/C, 1 atm Hy, MeOH, 12h, 100%

Step 1.

The N-(tert-Butyloxycarbonyl) (1‘vinylcyclopentyl)glycine

{(2.23 g, B.30 mmol) was dissolved in 50 mL MeOH and

placed in a hydrogenation vessel purged with argoen. To
25 this mixture was added 10% Pd-C (224 mg, 10% w/w) and the

reaction stirred under 1 atm H; at rt for 12 h. The

reaction was filtered through celite and concentrated and
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mmol) in THE (20 nL) at rt under nitrogen was added Li OH hydrate (0.16 g,
3.80 mmol ) and then water (5 nL). The reaction was stirred at 40C for 0.5
h and then cooled to 20 rt. The mi xture was concentrated to dryness and the
remai nder was stripped fromTHE (2X), toluene (2X) and THE (1X). The

remai ning glass was diluted wwth 5 nL of THE and treated with i m dazole
(0.63 g, 9.19 mol) followed by t-butyl-dinethylsilyl chloride (1.26 g,
8.36 25 mml ). The reaction was stirred overni ght and quenched wth 10 niL
of nmethanol. After 1 h of stirring the mxture was concentrated. An

addi ti onal pompuronied byrethanotowas: added:andabhe mmqueaC@@pentrat ed. The
oil was dilut r d HC1 (pH.2) ers 30 were

equi | i brat ed Eﬁéwgiﬂ%gﬁgﬂ P§3nCFF# lvg Qﬁféﬁﬁp7g TR Was dried
over MySO4 an@*ééﬁcehvﬁh?@d £62hgive 1. 25 (83% of Step 2 conpound as a
colorless glass. Step 3 NCN HO 5 N2N O The Title conpound was prepared

by th d f St | d th Exanple 6 St 3
aﬁlnee pepﬁioﬁﬁggﬁgé%e y&%aVFB%%Eﬁﬁ%%ég %%é%%ﬁggbﬁk GFWPﬁégglgf 10 ggnera

Met hod C. M5 @NERp 238ls Geheral tivetiogl Fsuigatialghi chddy dreegenat i on of vi nyl
substi tuent. Agqshounhddy §eég£@l ttoh@egépgle%%qowﬂylfolgu&?é&'syt ed am no

acid 20 was transforned to the 15 correspondi ng saturated anal og 29 by

catal ytic hy&FBﬁgﬁ%ﬁﬁQﬂwaﬂglﬂﬁpﬁﬁ¢§ﬁdPﬁi%ﬁuﬁqﬁfﬂﬁBﬁ%dfhﬁeﬁﬁﬁﬁépher|c

methed C.
10
Table 4
Rz o
Ry
N
H N
NC
R1l, R2 MS
Example
M + HI
50 Cyclopentyl 262
51 cyclobutyl 248
52 cyclcheptyl 290
53 4~-pyranyl 278
methyl,
54 23%
methyl
55 ethyl, ethyl 264
56 _ methyl, ethyl 250
15 Example 57
N
NH :
o0 c¢n

The title compound in Example 57 was prepared by the

peptide coupling of the isopropyl cyclobutane amino acid
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pressure. Schene 8, General Method F, Exanples 50-56

a BocHN OH B. N~ / OH

00 2029 20 a. 10%Pd/C, 1 atmH2, MOH 12h, 100% Step 1. The

N-(tert-Butyl oxycarbonyl) (1" vinyl cycl opentyl)glycine

(2.23 g, 8.30 nmol)

was dissolved in 50 nL MeCH and placed in a hydrogenation vessel purged
with argon. To 25 this m xture was added 10% pd-C (224 ng, 10% w w) and the

reaction stirred under 1 atmH2 at rt for 12 h. The

reaction was filtered

t hrough celite and concentrated and 80 purified by flash col um
chronatograph*wgn silica : 9 met hanol : CHZC12 to give the Step 1

conpound as a

FREst I fN7P|+S‘2t7‘°2‘31t5leE§aFr‘bT e a50 hEBr @5 Y5fepar ed by t he

pepti de coupl iangoofiin@ann@eaeirdd fatdterde F) heo Viawekd substttdientiohas been

hydr ogenat ed %ggogg%rfb,g:ggnggaée Jg%q E cﬁ%ﬁé %geg_ﬁﬁgd hydratlon and

deprotection as des in gener
NC R, R M

5 Example 58

NH,
0 CN

O R N HzZN

The title compound in Example 58 was prepared by the

peptide coupling of the isopropyl cyclopentane aminc acid

10  {where the olefin substituent has been hydrogenated

according to general method F} followed by dehydration

and deprotection as described in general method C. MS

{M+H) 27¢

15 General Method G: L-Aminc acids synthesized by

Asymmetric Strecker Reaction. Commercially available

adamantyl carboxylic acid was esterified either in MeOH

with HCl at reflux or using trimethylsilyldiazomethane in

Et:O/methancl to give 30. The ester was reduced to the

20 alcohol 31 with LAH in THF and then subjected to a Swern

oxlidation to give aldehyde 32. Aldehyde 32 was

transformed to 33 under asymmetric Strecker conditions

with KCN, NaHSG; and R—(—}—Q—phenylglycinol.

The nitrile

of 33 was hydrolyzed under strongly acidic conditions

25 using 12M HCl in HOAc to give 34. The chiral auxiliary

was removed by catalytic reduction using Pearlman’s

catalyst in acidic methanol under 50 psi hydrogen to give

35 and the resulting amino group was protected as the t-

butylcarbamate to give 36.
30
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Example (M + H 50 Cyclopentyl 262 51 cyclobutyl 248 52 cycl oheptyl 290
53 4-pyranyl 278 54 nethyl, 236 nethyl 55 ethyl, ethyl 264 56 nethyl,
ethyl 250 15 Exanple 57 N NNy O CN The title conpound in Exanple 57 was
prepared by the peptide coupling of the isopropyl cyclobutane am no acid
- 81 (where the olefin substituent has been hydrogenated according to
general nethod F) followed by dehydration and deprotection as described in
general nethod C. 5 Exanple 58 N NHy o CN The title conpound in Exanple
58 was prepared by the peptide coupling of the isopropyl cyclopentane
amno acid 1Gchukere®, tdameehefiMdrrid st i Exmiltasobeen hydrogenat ed
according to general nethod F) foll owed by dehydration and deprotection as
descri bed in general d C. aM5 276 15 eral ¢vethod G L-Amn
aci ds synt hesi zed by :
H3C0,C OHC

30 31

32
d HO\_ @ e

HO._
: N~ “CHN N7 T CO.H
33 34

o

HC1HN COH BOC-HN COzH
35 36

a. LAH, THF, 0 C to RT, 96% b. CICOCOC|, DMS0, CH;Cl,, -78 C, 98% c. R-(-)-2-Phenylglycinot,
NaHS04, KON d.12M HCI, HOAC, 80 C, 16h, 78 % e. 20% Pd{OH},. 50 psi Hy, MeOH:HOAC, 511
f. (Boc),0. K;C05, DMF, 92%, 2 sleps

Step 1

H4CO,C

Adamantane-l-carboxylic acid (10.0 g, 55 mmol, 1 equiv)
was dissolved in a mixture of Et,0 (160 mL}) and MeOH (40
mL), and was treated with trimethylsilyl diazomethane
(2.0 M in hexane, 30 mL, 60 mmol, 1.1 equiv) and stirred

10 at rt for 3 h. The volatiles were then removed by rotary
evaporation and the product purified by flash column
chromatography on silica gel (5x15 cm) with 40%
CH,Cl./hexanes to give the product as a white crystalline
solid (10.7 g, 100%).

15
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Asymretric Strecker Reaction. Commercially avail able adamantyl carboxylic
acid was esterified either in MOH with HO at reflux or using

trimethyl silyldiazonethane in Et2Q nmethanol to give 30. The ester was
reduced to the 20 al cohol 31 with LAH in THE and then subjected to a Swern
oxidation to give aldehyde 32. Al dehyde 32 was transformed to 33 under
asymmetric Strecker conditions wth KCN, NaHSC3 and
R-(-)-2-phenylglycinol. The nitrile of 33 was hydrol yzed under strongly
acidic conditions 25 using 12M HCL in HOAc to give 34. The chiral auxiliary
was rempved by’' &t &l ytic reduction using Pearl man's catalyst in acidic

met hanol under 50 psi hydrogen to give .35 and the resulting am no group
was protected as the t- butyl carbamate ive 36. 30 - 82 Schene 9,
General Method G Exanples 59-64 H3CQZL J OHOC~/J OH30 31 32 HOB d
HOBe HHO2HCNC HHHA 33 34 HC[H2N COzZH f BOC-HN | COzZH 35 36 a.
LAH, THF, 0 Cto RT, 96%b. Cl COCOClI. DvB®O, CH2Cl2, -78 C. 98%c.
R-(-)-2-Phenyl glycinol, NaHSO3, KCN.d.12M HClI, HOAc, 80 C. 16h, 78 % e.
20% Pd(SO—I) 2.1 Srepsin ERmpdi{dH (HOAC, g 50l 056, mkBOC12QqukeCRs DVF, 92% 2
steps Step ¢

dissolved in anhydrous THF (150 mL) under argon and was

treated with a solution of LiAlHs (1 M in THF, 69 mL, 69

mmol, 1.25 equiv). After stirring at rt for 1.5 h, the

reaction was cooled to 0°C and quenched sequentially with

HzG (5.1 mL), 15% ag NaOH (5.1 mL), and H,0 (10.2 mlL).

10 After stirring at rt for 15 min, the slurry was vacuum
filtered, and the solids washed with EtOAc (2x100 mL).
The filtrate was concentrated by rotary evaporation and
the resulting solid purified by flash column
chromatography on silica gel (5x15 cm) with 10%

I3 EtOAc/CH,Cl;. This afforded the Step 2 product as a white

solid (8.74 g, %6%).
.

OHC

Step 3

20
An oven-dried 3-neck flask eguipped with 125-ml additicn
funnel was charged with anhydrous CH;Cl, (150 mL} and
anhydrous DMSO (10.3 mL, 0.145 mol, 2.5 equiv) under
argon atmosphere and coocled to -78°C. Slow dropwise

25 addition of oxalyl chloride (6.7 mL, 0.0768 mol, 1.32
equiv) followed by stirring for 15 min provided an
activated DMSO adduct. This was treated with a solution
of Step 2 compound (9.67 g, 58.2 mmol, 1 equiv) in dry
CHCl, (75 mL) and the reaction allowed to stir for 1 h.

30 The resulting white mixture was then treated dropwise

with triethylamine (40.5 mL, 0.291 mol, S equiv). After
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H3C02C 5 Adamant ane-|-carboxylic acid (10.0 g, 55 nmmol, 1 equiv) was
dissolved in a mxture of Et20 (160 M.) and MeOH (40 ni), and was treated
with trimethylsilyl diazonmethane (2.0 Min hexane, 30 niL, 60 mml, 1.1
equiv) and stirred 10 at rt for 3 h. The volatiles were then renoved by
rotary evaporation and the product purified by flash colum

chromat ography on silica gel (5xI5 cm wth 40% CH2Cl12/ hexanes to give the
product as a white crystalline solid (10 7 9, 100%9. 15 - 83 Step 2 OH H
Step 1 conpoun 10. 7 was 5 di ssol ved i n anhydrous
THE (150 i) u%odé“r “ar ég% %%Og“w&sngo 3Eh e“éﬁ 380\‘/? %d'aaé‘&i GEEOFPIFCICPAIRA (1 Min

THE, 69 ni, 699uanwled $e@Serequiliy. vl erolst RO% i ng KakPoL (fzermﬂ) S, the

reacti on was c&ol£d,.6006 an, qu_@fg;_.j}e tial Ly.wt 1 m), 15%
aq NaOH (5.1 n1_ and E—IZO (;I 3 %gﬂg‘? alstt %Irtrfé# ﬁ Fﬁé 15 mn,

_the slurry was" éﬁﬁrﬁ"a?l?’t]é‘r%ﬂl wé%‘él Bhe sH19 &@Mﬁ@h‘é@e v&atYﬁrEt@Ee (2x100
m.). The fil tseataeanad. conoenirgahids bye reolvakye @ \aR@MALI ONcranRG ) 4t he

resulting solighgpuri kigd b o] Gl Qe r silj,ca gel (5xlI5
cm) with 10% 15 EtgA }-bCHQ ¥3H%:ﬁ%§a%# t‘i‘ﬁeﬁ%%hepdgEpF“QEIuct"’1 8% a white
solid (8.74 g, Ig@%lcssy@be Hryag Nazso.;J, flltered and concentrated.

The residue was purified by flash column chromatcgraphy

on silica gel (5x10 cm) with CHCl; to give the Step 3
10 compound as a white solid (9.40 g, 98%).

Step 4

-

15 Step 3 compound {9.40 g, 57 mmol, 1 equiv) was suspendad
in HzO0 {145 mL) and cooled to 0°C. The mixture was
treated with NaHS0; (5.95 g, 57 mmol, 1 equiv), KCN {4.0
g, 59 mmol, 1.04 equiv), and a solution of {(R)-{-)~
phenylglycinocl (8.01 g, 57 mmol, 1 equiv) in MeOH (55

20 mlL). The resulting mixture was stirred at rt for 2 h,
then refluxed for 16 h. The mixture was cooled to rt,
and 200 mL of EtOQAc added. After mixing for 15 min the
layers were separated. The agqueous fractiocn was
extracted with EtOAc. The combined EtOAc extracts were

25 washed with brine (50 mL), dried over anhydrous Na,30,,
filtered and the filtrate concentrated. The product was
purified by flash column chromatography on silica gel
(6.4x%20 cm} with 20% EtOAc/hexanes to give the desired
(R,8) product as a white solid (11.6 g, 37.4 mmol, 65%}:

30 MS m/e 311 (M+H)".
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20 An oven-dried 3-neck flask equipped with 125-nL addition funnel was
charged wi th anhydrous CH2Cl12 (150 nl) and anhydrous DVSO (10.3 ni, 0.145
nol, 2.5 equiv) under argon atnosphere and cooled to -78C. Sl ow dropw se
25 addition of oxalyl chloride (6.7 nL, 0.0768 not, 1.32 equiv) foll owed
by stirring for 15 mn provided an activated DVSO adduct. This was treated
with a solution of Step 2 conpound (9.67 g, 58.2 mml, 1 equiv) in dry
CH2C12 (75 nmL) and the reaction allowed to stir for 1 h. 30 The resulting
white m xture s then treated dropwise wth triethylamne (40.5 m., 0.291

mol, 5 equiv). KPtar 84 30 mn, the cooling bath was renoved, and the
reacti on quenched sequentially mﬁth coI % aq KH2PO4 (25 nL) and cold
H O (150 nL). After stirring at rt, n the mxture was diluted with
Et20 (400 ni)and the |ayers were 5 §Ep . e organi cs were washed
organic with cold 10% agq KH2PO satd aq Nad (100 nL) The
organics were dried (Na2sO™4), fqgggﬁgguan ébncentrated The residue was
purified by flash col um chronat aphy on silica gel (5x10 cm) with
CH2C12 to give the Step 3 10 campound as a white solid (9.40 g, 98%. Step
4 HOB N CN HTL% Step @rﬁQ@EQHnﬂS.(E% 40 98 mloiMRbs HeAQH V) WBJ Suspended
in HO (14 aqugo | ed Eo C. The xture was treated with NaHSO3
(5.95 g, s Kﬁf%“‘u‘, 85 89 Hhpl for1 194 heqaf Vjhi%nd a

sol uti on of (Rymé_}he reaction was cooled in an ice bath. Vacuum
filtration of the resulting precipitate afforded the
desired product as a white solid (5.21 g, 14 mmol, 78%).
MS m/e 330 (m+H)'.
10
Step 6

HCI HN™ ~COH

The Step 6 compound (5.21 g, 14 mmol) was dissolved in
15 MeCGH (50 mL} and HOAc (10 mL), and hydrogenated with H»
(50 psi} and Pearlman’s catalyst (20% Pd{OH):, 1.04 g, 203
w/w) for 18 h., The reaction was filtered through a PTFE
membrane filter and the catalyst washed with MeOH {3x25
mL}) . The filtrate was concentrated by rotary evaporation
20 to afford a white solid. The product was used in Step 7

without further purification.

Step 7

BOC-HN COzH
25

The crude Step & compound (@ 14 mmol) was dissolved in

anhydrous DME (50 mL) under argon and treated with K,COj
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phenyl gl ycinol (8.01 g, 57 mol, 1 equiv) in MeOH (55 20 nL). The resulting
m xture was stirred at rt for 2 h, then refluxed for 16 h. The m xture was
cooled to rt, and 200 nL of EtOQAc added. After mixing for 15 mn the

| ayers were separated. The aqueous fraction was extracted with Et OAc. The
conmbi ned Et OAc extracts were 25 washed wth brine (50 nlL), dried over
anhydrous Na2SO4, filtered and the filtrate concentrated. The product was
purified by flash col um chronat ography on silica gel (6.4x20 cm) with 20%

Et OAc/ hexanes t.o.gi ve e desired (R S) product as ite solid (11.6 g,

37. 4 mmol , 650};5:' LS r\g\?‘%‘(’ 11£(‘T\%+”ﬁ)("". aé% d‘sﬁ&ﬁ%&@%“ RP$EH OCPH The

Step 4 nitril €3(5468. gh4 IBoinol )emdy) heated dmyopopt. rt 5 WELe(12® ni) and

HOAc (30 ni) af, 8QC her 18 Qem@&ea/wy}ﬁ&lotwme&a@%ra_@%leﬁm\aﬁfsaﬁc@ol ed in an
a

ice bath. Vacuum filtration of the resulting-precipitate orded the
desired produdt®ageaiHHi 1 1681 Fyr s r2rnger 1FIrSE, PY8Y5Ure -VsTHEe 330
(mtH) {. 105St epsGdbEl wdNicedH Tite Hbepl @ eanpevadEd;5. 210Q,m1b4 mrel ) was

di ssolved in ) )., ogenated with H2
(50 psi) and I%iag’ﬁygna%r}éag’%at{ggry%‘?g(tgg%%ﬁg%%ﬁ%, %?QQSQY%%% w for 18 h.
The reaction WaslPP|wler & trRPOUYH-IE PYFETOHEHDIEARE Fi¢ter and the catal yst
washed wi th N@{;drgéégg&ysis step. The agueous was cooled to 0°C,

diluted with EtOAc (200 mL), and stirred vigorously while

10 carefully acidifying the aqueous to pH 3 with 1IN ag HC1.
The lavers separated and the aqueous extracted with EtQJAc
{100 mL}. The combined EtOAc extracts were washed with
brine (50 mL), dried {NazS04), filtered and the filtrate
concentrated by rotary evaporation. The residue was

15 purified by Si0, flash column (5x12 cm) with 5%
MeOH/CH,Cl, + 0.5% HOAc. The product was chased with
hexanes to afford the product as a white foam {(4.07 g, 13
mmol, 92%): MS mfe 310 (m+H)'.

20 Example 59

The title ccmpound in Example 5% was prepared by the
‘peptide coupling of the Step 7 compound in general method

25 G followed by dehydration and deprotecticn as described
in general method C.MS m/e 300 (m+H)".
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m.). The filtrate was concentrated by rotary evaporation 20 to afford a
white solid. The product was used in Step 7 wthout further purification.
Step 7 BOC-HN CO2H 25 The crude Step 6 conmpound (@14 mmol) was di ssol ved
in anhydrous DMF (50 nL) under argon and treated with K2COB3 - 86 (5.90
g, 42 mol, 3 equiv) and di-tert-butyldicarbonate (3.14 g, 14 mol, 1
equi v) under argon at rt. After 19 h, the DVF was renoved by rotary
evaporation (punp) and the residue dried further under reduced pressure.
The 5 residue was m xed with H2C)(199mﬁhhaﬁgd Et 20 (100 m .), the |layers
separated, and the al kal i ne aqueous—wrt (2x100 nL) to renove the
by-product fromthe hydrogenolysis st The aqueous was cooled to 0C,
diluted with Et OQAc (200 nL), and stHOr¢ i gorously while 10 carefully
acidifying the aqueous to pH 3 with I4yaq MM¥. The |ayers separated and
the aqueous extracted with Et OAc Q%p LN, The conbi ned Et OAc extracts
were washed with brine (50 nm), drifed ((NagsSO™4), filtered and the filtrate
concentrated by rotary evaporation. The r#8idue was 15 purified by Si02
flash colum (5x12 cm) with 5% MOACH2CL2+.0. 5% HOAc. The product was
chased with Isexpnes to afford the product as a white foam (4.07 g, 13
mmol, 92%: M5 mle 310 (mtH) *. 20 Exanple 59 'fwd TFA H2N NY O NCYY

HO

5 BOC-HN™ “COH

A solution .of KMnOs (337 mg, 2.13 mmel, 1.1 equiv) in 2%
aq KOH (6 mL) was heated to 60°C and Step 7 compound in
general method G (600 mg, 1.94 mmol, 1 equiv) was added

10 in portions, and heating increased to 3%0°C. After 1.5 h,
the reaction was cooled to 0°C, EtOAc (50 nl) was added,
and the mixtﬁre was carefully acidified to pH 3 with 1IN
HCl. The layers were separated and the agqueocus was
extracted with EtOAc (50 mL). The combined organic

15 extracts were washed with brine, dried over Na;S304,
filtered and concentrated. The residue was purified by
flash column chromatography c¢n silica gel (3.8x15 cm)
with 2% (200 wmL), 3% (200 mL}), 4% (200 mL}, and 5% {500
ml) MeOH/CH,Cl, + 0.5% HOAc. After isolation of the

20 product, the material was chased with hexanes to affcrd a

white solid (324 mg, 51%): MS m/e 326 {(m+H)" .
Step 2
HO
7
BOC-HN N
s}
o~ NH;
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The title conmpound in Exanple 59 was prepared by the peptide coupling of
the Step 7 conpound in general method 25 G followed by dehydrati on and
deprotection as described in general nmethod C.Ms nfe 300 (m+H) " 87
Exanple 60 HO HZN N O NC Step 1 HO 5 BOC-HN CO2H A sol ution of KNhO4
(337 ng, 2.13 mol, 1.1 equiv) in 2% ag KOH (6 nL.) was heated to 60C and
Step 7 conmpound in general nethod G (600 ng, 1.94 mmol, 1 equiv) was added
10 in portions, and heating increased to 90C. After 1.5 h, the reaction

was cool ed to Q¢ adde and m xtu e was carefully
acidified to pH 3 WI hEI(l\i %i-(lmf) %éql N eﬂsz\é}\erp"em]ts Slarggfléﬁ aftf t he aqueous
was extract edd IR VEEON {BUYrRys TR dénblhedndrganmigon1Sn@xtacdetis wer e

washed wi th brideccdriad awelio %re Likiered cﬁf@grcor%};pr atgd. The
resi due was pu |f|§E b¥ /g sh col chro Lﬁ on sil'ica gel (3.8x15
yo3 )59 :

cn)  with 2% ( G‘erL)‘ oP‘“tozloo YPEE00°2 g -
McOH/ CH, C12 + ?O BYHORE . 3 Af tegruivg ol BRADN 56D hde 2£I’>1pmdmct2. the materi al

was clhased W t J}Q;g%nggdt&zgf(foorf,q fL, Wi t5em§‘91i dy (13%%11[179, S1s MS Ve 326
(meH) ™. Step 2react10n mixture was allowed to warm to rt overnight and
the DMF removed by rotary evaporation {pump). The
remainder was dried further under vacuum. The residue
10 was dissolved in EtCAc (160 mL), washed with satd ag
NaHCO; {50 mL) and satd ag NaCl (25 mL), dried over
anhydrous Na;S04, filtered and concentrated by rotary
evaporation. The product was purified flash column
chromatography on silica gel (3.8x15 cm) with & gradient
15 of 6% (200 mL), 7% (200 mL), and 8% (500 mL) MeOH/CH,Cl-
to give the product as a white solid (460 mg, 1.06 mmol,
85%): MS m/e 434 (miH)*. '

Step 3

Et;Si0 [ /j

e ?

The Step 2 compound (95 mg, 0.22 mmol, 1 equiv) was

20

dissolved in anhydrous CH;Cl, (2.5 mL) under argon and
cooled to -78°C. The mixture was treated with

25 diisopropylethylamine {65 pL, 0.37 mmol, 1.7 equiv), and
triethylsilyl triflate (75 ulL, 0.33 mmol, 1.5 equiv), and
stirred at 0°C for 1.5 h. The reaction was mixed with
MeGH (0.5 mL}, silica gel {200 mg) and H0 (2 drops) and
stirred at rt for 18 h. The solvent was removed by

30 rotary evaporation and the residue purified flash column
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O- NH2 25 88 The Step 1 conmpound (404 ng, 1.24 mmol, 1 equiv) was

di ssol ved in anhydrous DMF (10 nlL) under argon and cooled to OC. The
following were added in order: Exanple 6 Step 3 salt (328 ng, 1.37 mol,
1.1 equiv), HOBT (520 ng, 5 3.85 nmol, 3.1 equiv), EDAC (510 ng, 2.61 nmmol,
2.1 equiv), and TEA (0.54 nL, 3.85 mol, 3.1 equiv). The reaction mxture
was allowed to warmto rt overnight and the DVF renoved by rotary
evaporation (punp). The renminder was dried further under vacuum The

resi due 10 was dissolved in Et GAC (100 rrL2), washed with satd ag NaHCO3 (50
nL) and satd agfieRaAtogzarhy on diléda ot (2 -anhydibusiNg28b4, filtered and
concentrat ed byegit@byl. evapofatd Ahe phedprrodyet mynaso pur imfbed fl@ash col um
chr omat ographyMQr]Igsi |i 8a[19 )+(3.8x15 cm with a gradient 15 of 6% (200 ni),
7% (200 L), and Oo(:'g 0 McOH CH2C12 to give the product as a white
solid (460 ng, 1.06 mmol, 85%: MS nmfe 434 (mtH)'. Step 3 Et3Si0 BOCC. HN
t!17 N O 205 O N The Step 2 conpound (95 ng, 0.22 mmol, 1 equiv) was

di ssol ved in anhydrous CH2C12 (2.5 nL) under argon and cooled to -78C. The

mxture was treated with 25 diisoprg ¥)I | amne (65 L, 0.37 nml, 1.7
equiv), and triethylsilyl triflate’? .83 mol, 1.5 equiv), and
stirred at OC for 1.5 h. The reaction 1 wth .

BOC-HN N

ONC

The Step 3 compound {90 mg, 0.16 mmol, 1 equiv) was
dissolved in anhydrous pyridine (2 mL} under argon and

10 cooled to -30°C. Treatment with imidazole (24 mg, 0.35
mmol, 2.1 equiv) and phosphorous oxychloride (66 pL, 0.6&7
mmol, 4.1 equiv), and continued stirring at -30°C for 45
min gave a thick slurry. Volatiles were by rotary
evaporation and the cake dried further under reduced

15 pressure. The product was purified by flash column
chromatography on silica gel (2.5x10 cm) with 7%
EtOAc/CH,C1, to afford the product as a white foam (76 mg,

87%): MS m/e 530 {m+H}’

HO
I
TEA HoN N
O nc

The Step 4 compound {76 mg, 0.14 mmol) was dissolved in

20 Step 5

anhydrous CH;Cl. (1 mL) and cooled to 0°C and treated with
25 TFA (1 mL}! and H:C (2 drops) and stirred for 1.5 hr at
0°C. The solvents were removed by rotary evaporation and

the residue was chased with toluene (5 mL) and dried

- 90 -



MeOH (0.5 L), silica gel (200 ng) and H20O (2 drops) and stirred at rt for
18 h. The sol vent was renpoved by 30 rotary evaporation and the residue
purified flash colum - 89 chronat ography on silica gel (2.5xI O cn) with
4% MOH CH2C12 to afford the product (92 ng, 0.17 mmol, 77 N5 me 548
(mtH)'. 5 Step 4 Et3SiO BOC41N NY O NC The Step 3 conmpound (90 ng, 0.16
nmml, 1 equiv) was dissolved in anhydrous pyridine (2 nlL) under argon and
10 cooled to -30C. Treatnent with imdazole (24 ng, 0.35 mmol, 2.1 equiV)
and phosphorous oxychloride (66 L, 0.67 mol, 4.1 equiv),. an onti nued
stirring at -éﬁﬁf ofeﬂgceéLHf JaV&=a tf%%ﬁ?rgfh??YT&%bggffFﬁgoﬁg? by rotary
evapor ati on anthd hetéakeomprdumd far & heritendetid ethiced . 188presdlir e/=The
product was pugidigedyby flash colum chronatography on silica gel (2.5x10
cm with 7% EtOAc/CH2Cl2 to afford the product as a white foam (76 ng,
87%: M5 me 530 (mtH)t 20 Step 5 HO TFA HZN N O NC The Step 4 conpound
(76 ng, 0.1% mmol) was dissol ved in Exampyer 6Uus CH2C12 (1 nL) and cooled to

OC and treated with 25 TFA (1 nL) and H2Q (2 drops) and stirred for 1.5 hr
at 0C. The solvents were renoved by rat vaporation and the residue was
chased with toluene (5 nL) and dried
TFA HzN "ﬁ
° e

Step 1

BOC-HN
O

10 0~ NHz

An oven-dried flask purged with argon was charged with
anhydrous CHzCls {3 mL) and cooled to -78°C. Treatment
with diethylaminosulfur trifiucride {DAST, &0 pL, €.45

15 mmol, 1.5 equiv), followed by a sclution of the Example
60 Step 2 compound (131 mg, 0.30 mmcl, 1 equiv) in dry
CH,Cl; (3 mL). After 15 min, the reaction was poured into
a separatory funnel containing satd ag NaHCO; ({25 mL) and
the layers were separated. The agqueous fraction was

20 extracted with CH,Cl, {25 wmL), then the combined organic
extracts were washed with brine ({10 ml), dried (Na;504)},
filtered and concentrated. The product was purified by
flash column chromatography on silica gel (2.5x10 cm)
with 5% MeOH/CH.Cl, to give Step 1 compound (124 mg, ©.Z9

25 mmol, 94%): MS m/e 436 {(m+H)}'.
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- 90 under reduced pressure. Trituration with Et20 afforded the title
conpound as a white solid (54 ng, 88%: Ms nme 316 (mH'. 5 Exanple 61 F
TFA H2ZN N O NCYYY Step 1 F BOC-HRIN O 10 O NH2 An oven-dried flask
purged with argon was charged with anhydrous CH2Cl12 (3 mlL) and cooled to
-78C. Treatnent wth diethylam nosul fur triflucride (DAST, 60 L, 0.45 15
mml, 1.5 equiv), followed by a solution of the Exanple 60 Step 2 conpound
(131 ng, 0.30 nmmol, 1 equiv) in dry CH2Cl2 (3 nL) . After 15 mn, the
reacti on was red into a separatory funnel containing satd ag NaHCO3 (25
m.) and the Iay@rs wer e separated. The aqueous fraction was 20 extracted
with CH2C12 (25 nl), then the conbi ned gani ¢ extracts were washed with

brine (10 nlL), dried (Na2S™), filteF d concentrated. The product was
élica gel (2.5x10 cm) with 5%

purified by flash colum chromatograp

MeOH CH2C12 to give Step 1 corrpoung)c( 29 25 mol, 94%: M5 me 436

(mH)'. - 91 Step 2 F BOC-HN N
NC

The fluorinated amide from Step 1 (161 mg, 0.37 mmol, 1

5 equiv) was dissolved in anhydrous pyridine {4 mL) under
argon and cooled to -30°C. The mixture was treated with
imidazole (54 mg, 0.77 mmol, 2.1 equiv) and phosphorous
oxychloride (143 pL, 1.52 mmoi, 4.1 equiv) and stirred ar
—-30°C for 40 min. The solvent was removed by rotary

10 evaporation and dried further under reduced pressure.
The product was purified by flash column chromatography
on silica gel(2.5x10 cm) with 5% EtOAc/CH,Cl; to give the
Step Z compound as a white foam (126 mg, 82%): MS m/e
418 (m+H)".

15
Step 3

=

/f
TFA HaN

/
N
e NC

The Step 2 compound (125 mg, 0.30 mmol) was dissblved in
20 TFA/CH,Cl; (1:1 v/v, 2 mL), and stirred at rt. After 30

min, the solvents were removed by rotary evaporation, the

remainder was chased with toluene (2x5 mL), and the solid

dried under reduced pressure. Trituration with Et;0

afforded the title compound as a white solid (93 mg, 0.21
25 mmol, 72%): MS m/e 318 (m+H)".
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0 NCYYY The fluorinated amde fromStep 1 (161 ng, 0.37 mml, 1 5 equiv)
was di ssol ved in anhydrous pyridine (4 nL) under argon and cooled to -30C
The m xture was treated with imdazole (54 ng, 0.77 mmol, 2.1 equiv) and
phosphorous oxychloride (143 pL, 1.52 mmoi, 4.1 equiv) and stirred at

-30C for 40 mn. The solvent was renoved by rotary 10 evaporation and dried
further under reduced pressure. The product was purified by flash col um
chromat ography on silica gel (2.5x1Ocm) with 5% Et OQAc/ CH2Cl Z to give the
Step 2 conpound as a white foan1(12qma 18224: Ms Ve 418 (mtH)' . 15 Step 3
F- ~ TFA H2ZN NY O NC The Step 2 COﬁ;g%%ﬁmé%ZS ng, 0.30 mmol) was
dissolved in 20 TFACHOA Z (1:1 v/v, ), and stirred at rt. After 30
mn, the solvents were renoved by rot evaporation, the remainder was
chased with toluene (2x5 nL), and th id i ed under reduced pressure.
Trituration with Et20 afforded the tit cnmppbund as a white solid (93 ny,
0.21 25 mml, 72%: M5 mie 318 (m+HfHN 92 anple 62 TPA HZN NY O
NCYYY Step 1 BocHN OH O © N

Step 1

OH
BocHN

(o]

o

The Step 1 compound was prepared beginning with 2~
adamantanal and elaborated to the homochiral Boc-amino
acid by an asymmetric Strecker synthesis according to

10 general method G.

Step 2

135 The title compound in Example 62 was prepared by the
peptidé coupling of the 2-adamantyl amino acid described
in Step 1 followed by dehydration and deprotection as
described in general method C.MS {M+H) 300.

- 93 -



5 The Step 1 conpound was prepared beginning with 2- adamantanal and

el aborated to the honochiral Boc-amno acid by an asymretric Strecker

synt hesis according to 10 general method G Step 2 TFA HZN N 0O NC 15 The
title conpound in Exanple 62 was prepared by the peptide coupling of the
2-adamantyl amno acid described in Step 1 followed by dehydration and
deprotection as described in general nethod C. M5 (MtH) 300. - 93 Exanple
63 TFA HZNNOCN Step 1 4b 5 H3CO2C An oven-dried flask equipped with a
condenser and drying tube was charged wth_norbornane-2-carboxylic acid
(4.92 g, 35 mml, 1 equiv) and tregﬁgﬁﬁgﬁ%%gbronine (2.1 nL, 41 10 mol,

1. 15 equiv) and phosphorous trichloride {0.153 nL, 1.8 mmol, 0.05 equiv.
The m xture was heated at 85C for 7 h 0 ed fromlight. Additiona
bromne (0.4 n, 7.8 mml, 0.22 equivV) S added wi th continued heating

for 1 h. The m xture was cool ed t oreatHeNa 0 (100 nm.) 15 was added. The
m xture was washed with 10% aq NaHSO3 (50oni)}ny H2O (2x50 L) , and brine
(25 m.) . The ether fraction was_dried (Na2SH4), filtered and concentrated
by rotary evagg&agion. The product was purified by flash colum

5 HJCOZC

An oven-dried flask equipped with a condenser and drying
tube was charged with norbornane-2Z-carboxylic acid (4.92‘
g, 35 mmoi, 1 equiv) and treated with bromine (2.1 mL, 41

10 mmol, 1.15 equiv) and phosphorous trichloride (0.153 mlL,

1.8 mmol, 0.0% equiv). The mixture was heated at 85°C for
7 h protected from light. Additional bromine (0.4 mL,
7.8 mmol, 0.22 equiv) was added with centinued heating
for 1 h. The mixture was cooled to rt, and Et,;0 (100 mL)
1)  was added. The mixture was washed with 10% ag NaHSO; (50
mlL), Hy2 {2x50 mL}, and brine (25 mL). The ether fraction
was dried {Na;503;), filtered and concentrated by rotary
evaporation. The product was purified by flash column
chromatography on silica gel {5x15 cm) with 2% to 4%
20 MeOH/CH:Cl; + G.5% HOAc. The product was chased with
hexanes to remove residual HOAc. The isolated material
consists of two inseparable materials (4.7 g), which was

used without further purification in the next step.

Br
HiCO.C

25 The crude product from above, exo-2- bromonorbornane-1-
carboxylic acid (4.7 g, impure) in E£;0 (80 ml) and MeOH
(20 mL), was mixed with trimethylsilyldiazomethane (2.0 M
in hexane, 11.8 mL, 23.6 mol), and stirred at rt for 1 h.



chromat ography on silica gel (5xI5 cm) with 2%to 4% 20 MeOH CH2C12 + 0.5%
HOAc. The product was chased wth hexanes to renove residual HOAc. The
isolated nmaterial consists of two inseparable materials (4.7 g), which was
used without further purification in the next step. 4hBr H3C02C 25 The
crude product from above, exo-2- brononorbornane-1- carboxylic acid (4.7 g,
inpure) in Et20 (80 nm.) and McOH (20 L), was m xed with

trimethylsilyldi azorrethane (2.0 M in hexane, 11.8 nL, 23.6 nol), and
stirred at rt goolven ent was renoved by rotary evapor ation,

and purificationcof Fag %“}ovﬁﬁ #Va%%tacrd'l GRAPRH? o1t o§F Aphy on  silica gel
(5x18 cm) withpwidrigdiem of t@HZeiQ/%eﬁaﬁ@s c¢ BOO mhremetopfar2@¥eand 30%

fol I owed by C"ia?ﬁji%aafgfei?r @ﬁ@&cﬁhewp{}gcg*'%tra@§e§tw t"@ solid,£3.97 g, 0.017
nmol , 79% f or ste m e 233/ 235 (m+H)’ “H3CD C2C_Met h?ll

exo- 2- br ononor b%)ronﬁ‘ eef“:l&a‘t‘fb&yl are ?%}O o %“%% bfl@“ﬁcn]t?l afgo V) was
di ssol ved i arteygrodscTHE (H&hdty salidan3o09eng drd.ed 73maecks 4 ask equi pped

with a condensgr, g The m xture was treated with Al BN
(288 ny, 1.71 e?@g 2p&£%3f/%w§§gzt§$|gﬂt§lu n hydride (3.6 ni, 12.87

mml, 1.5 equiv), and then heated to 15 rEqux for 2 h. The flask was

cool ed tort, and the THE was renoved tary evaporation to give the
crude product The product was purlt,l by flash colum chromat ography on
silica gel (SxIOcm wth 5% Et OAc/ hexanés. The resul ti ng material was used
in the ,

Methyl exc-Z-bromonorbernane-l-carboxylate (2.0 g, 8.58

10 mmol, 1 equiv) was dissolved in anhydrous THF (50 mlL) in
an oven-dried 3-neck flask equipped with a condenser, and
purged with argon. The mixture was treated with AIBN
(288 mg, 1.71 mmol, 0.2 eguiv) and tributyltin hydride
(3.6 mL, 12.87 mmol, 1.5 equiv}), and then heated to

5] reflux for 2 h. The flask was cooled to rt, and the THF
was removed by rotary evaporation to give the crude
product. The product was purified by flash column
chromatography on silica gel(5x10 cm} with 5%
EtDAc/hexanes. The resulting material was used in the

20 next step without further purification.

Step 2

BOG-HN  CO;H

25 The Step 1 compound was prepared beginning with 1-
norbonyl methyl carboxylate and elaborated to the
homochiral Boc amino acid by an asymmetric Strecker

synthesis according to general method G.
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20 next step without further purification. Step 2 BOC-HN CO=H 25 The
Step 1 conmpound was prepared beginning with 1 norbonyl nethyl carboxylate
and el aborated to the honochiral Boc ami no acid by an asynmetric Strecker
synt hesis according to general nmethod G 95 Step 3 ~rl_Jt\ N TFAH2N T O
CN The title conmpound in Exanple 63 was prepared by the 5 peptide coupling
of the 1-norbonyl am no acid described in Step 2, followed by dehydration
and depr ot ecti on as described in general nmethod C. Ms (M+tH) 260. Exanpl e
64 H2 N 10 QCN _Step 1 COBocHN OH 0O 15 The Step 1 conpound was
prepared begi TYie Rg with 4 fornyl pyran and el aborated to the honochiral Boo
amno acid by an asymretric Strecker sy theS| s according to general
method G 20 Step 2 H2ZN N

TFA H,N \A)

The title compound in Example 63 was prepared by the

5 peptide coupling of the l-norbonyl amino acid described
in Step 2, followed by dehydration and deprotection as
described in general method C. MS (M+H) 260.

Example 64

0

10

Step 1

15 The Step 1 compound was prepared beginning with 4-
formylpyran and elaborated to the homochiral Boc amino
acid by an asymmetric Strecker synthesis according to

general method G.

20 Step 2

Nf >
H,N

o CN
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OCN 96 The title conmpound in Exanple 64 was prepared by the peptide
coupling of the 4-pyranyl am no acid described in Step 2, foll owed by
dehydration and deprotection as described in general nethod C. M5 ( MtH)
250. 5 General Method H Strecker Synthesis of Racemic Amino Acids. Schene
10, General Method H, Exanples 65-66 10 a b 0/ BocHN OH H CO2H 37 38
39 a. celite, PCC, CH2ClI2, RT, 91 %b. NH4C, NaCN, MeOH 12M HCl, HOAc;
(8oc)20, TEA, DM. Step 1 I~ 1 He 15 To a stirred solution of

1- phenyl cycl o- 1- % ne- carboxyli¢ acid %3 00 26.3 mol) 25 nL of THE
at 0C was added LA E52°MOUn53 7 nfit™ Le° Y KETHESPRAEY PRadtS on mi xture
was sl owly V\B.I’Hf'm?diltd@ cbuphthd lveént2€ 4ﬂfr}in§med foind &chad Thecrigeset iian was

quenched aCCOfﬁ&él}g a2 t@ozb&d@ %@eeenw&eﬁ%rean&a&@ge&heé@%&'@y of 2 niL of
o Na

wat er ; in water; The bl phasic m xture
was dlluted mn??ﬁ?ﬁy?eﬁLlﬁfg%RQﬁéﬁ EﬁHmVﬁé: &?aﬁﬁT%ﬁ %ﬂﬁlte solid filtered

of f. The ether fraction
General Method H: Strecker Synthesis of Racemic Amino

Acids.

Scheme 10, General Method H, Examples 65-566

10
= ] =
- a = b
Otﬁ/ BocHN
K1)
a. celite, PCC, CH,Cly, RT, 91% b. NH,CI, NaCN, MeOH; 12M HCI, HOAc;
{Boc),0, TEA, DMF.
Step 1
PN
L)
L“"‘i/r_‘—'\
/ Y
i
HO
15

To a stirred solution of l-phenylcyclo-l-pentane-
carboxylic acid (5.00 q, 26.3-mmol} in 25 mL of THF at 0°C
was added LAH {52 mL , 52 mmcl, iM) in THF. The
reaction mixture was slowly warmed to rt and then

20 refluxed for 18 h. The reacticn was guenched according
to the Fieser procedure: careful addition of 2 ml of
water; 6 mlL of 15% NaCH in water; and 2 mL of water. The
biphasic mixture was diluted with 100 mL cof ether and the
granular white solid filtered off. The ether fraction

25 was dried over Na,50; and evaporated to give 4.30 g {93%)

of the Step 1 compound.
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25 was dried over Na25(4 and evaporated to give 4.30 g (93% of the Step 1
conpound. 97 _ Step 2 OHC 5 To a stirred solution of Step 1 conpound (0.80
g, 4.50 mol) in 15 nL of CH2Cl2 at rt was added celite (5 g) followed by
PCC (1.95 g, 5.00 mmol). After stirring for 3 h the reaction m xture was
diluted with 40 nL of CH2C12 and filtered through celite. The filtrate was
filtered 10 an additional time through silica gel resulting in a colorless
filtrate. The CH2Cl2 fraction was evaporated to give 0.72 g (919 of the
al dehyde as a colorless oil. Step 31 HBoo-N 15 COGN To a 50-nm,
round-bottoned flask containing Step 2 conpound (0.72 g, 4.20 mmol) in 8
nL of water at°Y¥ was added NaCN (0.20 g, 4.20 nmol) followed by NH4C
(0.20 g, 20 5.00 Mol ). To this reactiop~ xture was then added et hanol
(8 nL) and the m xture was aliowed to s overnight. The reaction m xture
was then extracted with ether (2X15 nL), dried (MJSO4) and concentrated
under reduced pressure to give the crudg~Strecker product. 25 To a 100-m,
round- bottoned fl ask contai ning the og0 t recker product was added 10 niL
of HOAc and 10 nL of <conc. HCl. The mixture was refluxed overnight. The

m xture wass corwentsiatedd under ibRASIE aft Y @SSURE IR JoVeoag, 4.50
mmel) in 15 mL of CHyCl; at rt was added celite (5 g)
followed by PCC (1.95 g, 5.00 mmeol). After stirring for

3 h the reaction mixture was diluted with 40 mL of CH;Cl:

and filtered through celite. The filtrate was filtered
10  an additional time through silica gel resulting in a

colorless filtrate. The CHpCl; ffaction was evaporated to

give 0.72 g {91%) of the aldehyde as a colorless oil.

Step 3

H
Bog—=M

15 COOH

~

To a 50-mL round-bottomed flask containing Step 2
compound {0.72 g, 4.20 mmel) in 8 mlL of water at rt was
added NaCw {0.20 g, 4.20 mmocl) followed by NH,C1 {(0.20 g,
20 5.00 mmol). To this reaction mixture was then added
methancl {8 mL) and the mixture was allowed to stir
overnight. The reaction mixture was then extracted with
ether (2X15 mL), dried {(MgSO,;) and concentrated under
reduced pressure to give the crude Strecker product.
25
To a 100-mL round-bottcomed flask containing the crude
Strecker product was added 10 ml of HOAc and 10 mL of
conc. HCl. The mixture was refluxed overnight. The

mixture was concentrated under reduced pressure to give a
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- 98 yellow solid. The solid was triturated with 5 nL of 1:1 mxture of
et her and hexanes. The white solid was treated with triethylamne (1.4 ni,
9.99 nmol) and di- tert-butyldicarbonate (1.00 q, 4.60 nmol) in 50 ni DWF.
5 After 4 h the pH of the m xture was adjusted to 9 with saturated Na2CGO3

soln. After an additional 3 h of stirring the mxture was extracted with

1:1 ether and hexanes and the aqueous fraction acidified to pH 2 with 5%
KHSO4 sol ution. The aqueous phase was washed with 10 ether (2 X 40 nL), the

organi cs dried,. 04),. and.. evaporated to.an qil- that_ was purified by
silica gel f&éf%%/ggh?%lr%a 'og?&%hﬁg%cﬁﬁ“aéz gﬁl%ﬁaﬁtgﬁior’? o £6 Yive 0.3 g
(23% of the BB&Iprotekbtedieantng iadeas alled gititei bolidvkids 318). 15

Exanpl e 65 H2Ne@:EN wSteR rletmy1dhiBRC(N. 120, CQ0y The; syphgsis of the
Step 1 conpound was described in g?neral met hod H for the Strecker
2

synthesi s of r&¢&nPetYHHiGRgPaRrbs. (1290 999t - & @Fop) in 50 mL DMF.
5

After 4 h the pH of the mixture was adjusted to 9 with
saturated Na;CQ; soln. After an additiocnal 3 h of
stirring the mixture was extracted with 1:1 ether and
hexanes and the aqueous fraction acidified to pH 2 with
5% KHS0, solution. The aqueous phase was washed with

10  ether (2 X 40 mL), the organics dried {(MgSQ4), and
evaporated to an oil that was purified by silica gel
flash chromatography with 8:92 methancl:CHCl; to give 0.3
g {23%) of the Boc-protected amino acid as a light oil

(M-H, 318).
15
Example 65
HzN N \
o Y
CN
Step 1
H
Boc—N
20 COQOH
The synthesis of the Step 1 compound was described in
general method H for the Strecker synthesis of racemic
. amino acids.
25



HZN N O CN The title conpound in Exanple 65 was prepared by the 5
peptide coupling of the cycl opentyl phenyl am no acid described in Step 1
and general nethod H foll owed by dehydration and deprotection as descri bed
in general nmethod C. M5 (MtH) 310. 10 Exanple 66 0 NC Step 1 QOH
BocFiN 15 Step 1, conpound was prepared using racem c Strecker synthesis
according to general nethod H starting from 2,2-dinethyl-phenylacetic
acid. 20 Step 2 O H2N NC 100 The title conpound in Exanple 66 was
prepared by thgtegqptide coupling of the dinethyiphenyl am no acid
described in step 1 foll owed by dehydrati on and deprotection as descri bed
in general nmethod C. M5 (MtH) 5 Exanple 67 N H M

HoN

CN

The title compound in Example 65 was prepared by the

5 peptide coupling of the cyclopentylphenyl amino- acid
described in Step 1 and general method H followed by
dehydration and deprotection as described in general
method C. MS (M+H) 310.

10 Example 66

Step 1

===

O/j)/)\o

15
S5tep 1 compound was prepared using racemic Strecker
synthesis according to general method H starting from
2,2-dimethyl-phenylacetic acid.

20 Step 2
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OCN 10 Step 1 N (Benzyl oxycarbonyl) succini'mde (5.6 g, 22.4 nmmol) was

di ssolved in CH2C12 (25 nL) and the solution was added to
and stirred solution of diethyl
mol ) and

15 am nomal onate hydrochloride (5.0 g,
triethylamne (13.4 nmL, 95 mol) in CH2C12 (125 m). The

resulting solution was stirred at OC for 10 min and then at rt for 1
The sol ution was washed with 10%citric acid x 50 nL , i'v o SP~-,

a .}'.
dried (Na2SO4) ﬁ@dtl@y@p(%
mal onate as a col orl ess ol
g) (LC/ Mass + |Ft5*rﬁ’)t19§0‘3‘(WH)ﬂg 25 'Sﬁfepﬂ1216©l1®rbhd\dH1H@Inlﬁte¢rm conpound (6.18

g, 20 mmol) Waﬁedlc:SSBéd/eﬂq |smegry f@]tlm(al ng Hlldra®Rd, agdded to a solution
of sodium 30 etf) 1%

m). A sol uti on gECé]tchn %52 aBﬁ?IéJrFéﬁd li‘ 88yt 22@erhe@1C. #ifolJi+Hn et hanol

jdrGgcn carbonate (2 X SC 20 m_) and water (50 mL) and was then

dgt ford th N- benzyl oxycar bonyl am no-
"ﬁ’ o F e%s GPERITRY dhdithG at OC (6.3

ch c}?amsot al

w w solution in etha

nol

a cooled (0C
23.

h.
| uu

(6

(12 m) was Sadd8d; and the sol ution stl rred at 25C for 24 h. Acetic acid
(0.56 nmL) was then added the solution hydrogenated at 50 psi for
10% Pd/ C (2.0 g) as catalyst. The solution was filtered, 5

usi ng

evaporated and the residue chromat ogE3pRREE dtY.
(9:1) to give 2,2-dicarboet hoxy- 3, 3-
+ ion):

244

10

15

20

25

30

Step 1

N-{Benzyloxycarbonyl) succinimide (5.6 g, 22.4 mmol} was
dissolved in CH;Cl,; (25 mL) and the solution was added to
a cooled {(0°C) and stirred solution of diethyl
amigomalonate hydrochloride (5.0 g, 23.6 mmol) and
triethylamine (13.4 mL, 95 mmol) in CH,Cl, (125 ml). The

resulting sclution was stirred at 0°C for 10 min and then

rt

h

2r 1 h. The solution was washed with 10% citric

rt

a

Q

id {2 x 50 mLj},19% sodium hydrogen carbonate (2 x 50

¢!
[y

mL}, and water (50 ml) and was then dried (Na.504) and
evaporated to afford diethyl N-benzyloxycarbonylamino-

malonate as a coloriess o0il, which crystallized upon

standing at 0°C (6.3 g} ({L{/Mass + ion):310 (M+H).

Step 2
O

-HCI

Step 1 compound {6.18 g, 20 mmol) was dissolved in dry
ethanol (30 mL} and added to a solution of sodium
ethoxide {2.85 g, 8.8 m mol; 21% w/w solution in ethanol
{6 mL). A sclution of 3-methyl-2-butenal (1.68 g, 20

- 101 -
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silica with CHZC12/ Et OAc

&if}? pyrrolidine (1.6 g) (LC Mass,

6

%



(MtH). 10 This diester (850 ng) was refluxed in 5 M hydrochloric acid (10
mL)/ TFA (1 nmL) for 8 h to give, after evaporation, a powdery white solid.
Crystallization from nethanol/ether gave 3, 3-di nmethyi-dl-proline

hydrochl oride (190 ng) as white crystals np 110-112C. 15 Step 3 O CH SCC
step 2 compound (173 ng, 0.97 mmol) was [dissolved ~, DV 20 (3 nL) /
water (3 nL). To this clear solution was added triethylamne (0.46 niL,
3.18 mml) and di-t-butyi dicarbonate (0.23 g, 1.06 mml), and the reaction

mxture was Stinbt@didtedHanb®r (2 hor)THEsSQLMLd 0N Was, evanorated and the
resi due chronmat ogr apﬁede onnsi lica col umﬁ usi ng 25 CH/A 71 rrét% gnol (9:1) as

el uent to yiel dtErped ydtoxyp-C clarbady h- 3, Beadiirerhyt - 01 -56r o) neaf 20@rngy) as an
oi | (LG Mass, atab@Mne 244 M) nyarobQRarShiep 4oLAYN AN Q.CN The title
conmpound in Exgﬁpl e /67 was pr egar ed by the 5 peptide coupli r_lg of the’

t- but yl oxycar bonyl ¥%/3-t-Pefhyts AEP¥SEr net Hisd ety tHesdilbeEEdn Step 3
fol |l onwed by3 delwdoadtisah aaddtdepreotietki ahrasatdesaphbedri sigeneral tn met hod
C. M5 (M-H) 22%142(;'102 JEXLQ_IHNCG (9.81) '\!'é 'give 2,2-dicarboethoxy-3, 3-

dimethyl-pyrrolidine (1.6 g) (LC/Mass, + ion}: 244
(M+H) .

100 This diester (850 mg) was refluxed in 5 M hydrochloric
acid {10 mL)/TFA {1 ml) for 8 h to give, after
evaporation, a powdery white solid. Crystallization from

methanol/ether gave 3,3-dimethyl-dl-preline hydrochloride
{190 mg) as white crystals mp 110-112°C.

15
Step 3
S
OH
N\
BOC
Step 2 compound {173 mg, £.97 mmol) was dissclved in DME
20 {3 mL)/ water {3 mL). To this clear solution was added

triethylamine (0.46 mL, 3.18 mmol) and di-t-butyl
dicarbonate (0.23 g, 1.06 mmel), and the reaction mixture
was stirred at rt for 5 h.  The solution was evaporated
and the residue chromatographed on silica column using

25 CHsCls/methanol {9:1) as eluent to yield t-butyloxy-
carbonyl-3, 3-dimethyl-dl-preoline (200 mg) as an oil
(LC/Mass, + ionj): 244 (M+H)}.
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O YYCCN Step .1 0O )---NO HO KO 15 Sodium et hoxide (940 ng of 21 wt%
solution in ethanol, 2.9 mol) in ethanol (2 nL.) was added to a stirred
sol ution of diethyl acetam domal onate (4.31g, 19.8 mmol) in EtOH (23 )
at rt under argon. The reaction m xture 20 was cooled to 0C, and
trans-2-pentenal (1.51 g, 18.0 mmol) was added dropw se mai ntaining the
reaction tenperature at < 5C. After the addition, the reaction was
allowed to warmto rt, stirred for 4 h, then quenched wth acetic acid
(460 ). The setagion was concentrated 25 in vacuo, and the residue

di ssolved in EtOQAc (25 nL), washed with 10% NaHCG3 sol ution (2x5 niL),
brine and dried (MJSO). The sol uti cm,f}jas || tered and concentrated to a

- 103 10 nL volune, then heated to [r:e‘t ux; and diluted with hexane (20
mL). Upon cooling to rt, the title c 0 'nd{preci pitated and was coll ected
to give 3.0 g (50% of the Step 1 conpo@ndcinp 106- 109C, LC/ Mass: + ions,
3245 M Na). Step 2 '-,0 O eN Q. jon of Step 1 conpound
(2.87 g, 9.5 nmid )riand compound in Example 67 was prepared by the

5 peptide coupling of the t-butyloxycarbonyl-3,3~dimethyl-
dl-proline amino acid described in Step 3 followed by
dehydration and deprotection as described in general
method C. MS (M+H) 220.

10 Example 68

S
0 CN
N
: o]
-

HO 1o
o)\

Loy

Step 1

15

Sodium ethoxide {940 mg of 21 wt% solution in ethanol,
2.9 mmol) in ethanol (2 mlL) was added to a stirred
solution of diethyl acetamidomalcnate (4.31g, 19.8 mmol)
in EtOH {23 mL} at rt under argon. The reaction mixture
20 was cooled to 0°C; and trans-Z-pentenal (1.51 g, 18.0
mmol) was added dropwise maintaining the reaction
temperature at <« s%C. After the addition, the reaction

was allowed to warm to rt, stirred for 4 h, then gquenched
with acetic acid (460 ul}. The sclution was concentrated

in vacuc, and the residue dissolved in EtQRc (25 mL),

b
L}

washed with 10% NaHCO; solution {2x5 mlL), brine and dried

{Mg503). The solution was filtered and concentrated to a
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triethylsilane (2.28 nL, 14.3 mmol) in CH2C12 (30 nlL) wunder argon was
added TFA (7.35 nL, 95.3 mmol) dropwise wth stirring while maintaining
the internal tenperature at 25C by nmeans of an ice bath. After stirring
for 4 h 15 at rt, the solution was concentrated. The residue was diluted
with CH2C12 (100 nL), then treated with H20 (50 nlL) and solid Na2CG3 with
vigorous stirring until the mxture was basic. The organic |ayer was
separated, dried (Na,SOl), filtered, then concentrated to give the 20 Step
2 conpound as | | ow oi l iC s. used without further purification
(LC/ Mass: + i6ﬁ§¥336§WﬁWNaf%@nSF%%%§i%OIr?¥ier@4qCF1*?5?%ﬁWﬁ§h2 conpound
(3.73 g, 9.5 rmaxapewds0 suigpendiedni o iNg HElr{ 20:hel }iand H@deukd nl) and
heated at refldbefik + 20ac NenaThesr td Lxtirge wag then.cool.ed, washed
with EtOAc (5%%%L , then cgnceﬁtégﬁgg%ggnk§y%‘§% ofl%mh?%ﬁ 30 gF?stallized
upon triturat i witt FCBRHE tBPgl V& k%PeC/ 1184/ Masst | e* dofFouddd (1.2 g, 70. 6%
(LG Mass, ® iofrNa)l4d (MrH). Step 4 O \~OH N 5 SOC Step 3 conpound (692
ng, 3.76 nmmol) was dissolved in acetone (12 nL)/ water (12 nmL). To this

cl ear solution
Step 2

O

10 To a solution of Step 1 compound (2.87 g, 9.5 mmol) and
riethylsilane ({2.28 mL, 14.3 mmol) in CH.Cl:; (30 mL}
under argon was added TFA (7.35 mL, 95.3 mmol) dropwise
with stirring while maintaining the internal temperature
at 25°C by means of an ice bath. After stirring for 4 h
15 at rt, the solution was concentrated. The residue was
diluted with CH;Cl; (100 mL), then treated with H;0 ({50
ml} and scolid Na;C0O; with vigorous stirring until the
mixture was basic. The organic layer was separated,
dried (Na;S0y), filtered, then concentrated to give the
20 Step 2 compound as a yellow oil which was used without

further purification (LC/Mass: + ions, 308 M+Naj.

Step 3

/

0]
OH

NH -HCI

ﬁ:z;

25

Step 2 compound (3.73 g, 9.5 mmol) was suspended in 6 N
HC1 {20 mL) and HOAc (5 mL) and heated at reflux for 20
h. The reaction mixture was then cooled, washed with
EtOAc (20 ml), then concentrated to give an oil which

30  crystallized upon trituration with ether to give the
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was added triethylamne (1.9 ni, 12.8 mml) and di-t 10 butyl dicarbonate
(928 ng, 4.24 mmol). The reaction mxture was stirred at rt for 18 h. The
solvents were evaporated and the residue chromat ographed on silica with
1:9 nmethanol : CHZG 2 to give the Step 4 conmpound as an oil (LC/ Mass: +
ions, 266 MtNa). 15 Step 5 O CN Exanpl e 68 conpound was prepared by peptide
coupling of 20 Step 4 amino acid foll owed by dehydration and deprotection
as described in general nmethod C (Ms (M+tH) 234). P.xamle 69 ,,H N N 25
OCN 105 St 0. 0 ,Saodi t.hoxj 940 ny, 2.9 mml; 21% w w
solution in gﬁé:tjiﬁaﬁg gglﬁlé_ieqtlﬁgngf Jfldzne"raﬁ_)) ?\)J;\gg‘?aas(cfdea tqgnb‘ sti%red solution
of diethyl acet'fifi’domal onate (4.31 g, 19.8 mml) in EtOH (23 L) at rt
under argon. The reaction m xture was cooled to 0C, and
4- et hyl - 2- pergteenal4 (1.77 g, 18.0 mmol)was added dropw se naintaining the
reactton 10 terrpé’rature at < 5C. After the addition, the reaction was
allowed to warmto rt, stirred for 4\h,o\then quenched

: OH

N

LY

5 BOC

Step 3 compound (692 mg, 3.76 mmol) was dissclved in
acetone (12 mL)/ water {12 ml}. To this clear solution
was added triethylamine (1.9 mL, 12.8 mmol) and di-t-

10 butyl dicarbonate (928 mg, 4.24 mmol). The reaction
mixture was stirred at rt for 18 h. The solvents were
evaporated and the residue chromatographed on silica with
1:9 methanol:CH,Cl, to give the Step 4 compound as an oil
{LC/Mass: + ions, 266 M+Naj.

15
Step S

[y

A

Y
J

=
I.'“ s /
o i

CN

Example 68 compound was prepared by peptide coupling of

20 Step 4 amino acid followed by dehydration and
deprotection as described in general method € (MS (M+H)
234 .

Example £9
~_

N\ H
N N
CN

25 0
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with acetic acid (460 |). The solution was concentrated and the renai nder
di ssolved in EtQAc (25 nlL). The organics were washed with 10% NaHCC3
solution (2x5 nL), 15 brine and dried (MyS04). The solution was filtered
and concentrated to 10 nL volune, then heated to reflux and treated with
hexane (20 nL). On cooling, the Step 1 conpound precipitated and was
collected (3.3 g) (LC!'Mass, + ion): 338 (MtNa). 20 Step 2 0 | OO\ 25
To a solution of Step 1 conpound (3.0g, 9.5 mml) and triethylsilane (2.28
m., 14.3 mml)sgn 2C12 (30 nlL) wunder argon was added TFA (7.35 niL, 95.3
mrol ) dropwi se” "W tth stirring while maintaining the internal tenperature

at 25C, by neans of an ice bath. After stirring for 4 h 106 at rt, the

solution was concentrated, the residueg oiluted with CH2A 2 (100 nL) , then
treated with H2O (50 nL) and solid oM th vigorous stirring until the
m xture was basic. The organic |aver se\ﬁrat ed, dried (Na2S®™4), 5

filtered, then concentrated to giveudhg t@tle conpound as an oil which was
used wi thout further purification (L ss:+ ions, 300 MtH). Step 3 /
-1/OOH 10 -NH HC Step 2 conmpound{3.8-g—9-5 mmvol) was suspended in 6 N

Sodium ethoxide (940 mg, 2.9 mmol; 213% w/w sclution in

5 ethanol) in ethanol (2 mlL) was added to a stirred
solution of diethyl acetamidomalonate {4.31 g, 19.8 mmol)
in EtOH (23 mlL) at rt under argon. The reaction mixture
was cooled to 0°%; and 4-methyl-2-pentenal (1.77 g, 18.0
mmol)was added dropwise maintaining the reaction

10 temperature at < 5°C. After the addition, the reaction
was allowed to warm to rt, stirred for 4 h, then quenched
with acetic acid {460 pl}. The solution was concentrated
and the remainder dissolved in EtOAc (25 mL}. The
organics were washed with 10% NaHCO,; solution (2x5 mL),

15 brine and dried (Mg$504). The seclution was filtered and
concentrated to 10 mlL volume, then heated to reflux and
treated with hexans (20 mL). ©On ccoling, the Step 1
compound precipitated and was collected (3.3 gi {(LC/Mass,
+ ion): 338 (M+ha).

20
Step 2

Yo

{

DY

25 To a solution of Step 1 compound (3.0g, 9.5 mmol) and
triethylsilane {2.28 mL, 14.3 mmol) in CH:Cl; (30 mL)
under argon was added TFA {7.35 mL, 95.3 mmol) dropwise
with stirring while maintaining the internal temperature

at 25%C, by means of an ice bath. After stirring for 4 h
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HC1 (20 nmL) and HOAc (5 mL) and heated at reflux for 20 15 h. The reaction
m xture was cool ed, washed with EtOAc (20 nlL), then concentrated to give
an oil which crystallized upon trituration with ether to give the step 3
conpound (1.4 g, 76.0%. LC/Mass: + ions, 158 (NI+H). 20 Step 4 OH N BCC
Step 3 conpound (728 ng, 3.76 nmol) was dissolved in a 25 1:1
acetone/water solution (24 nL). To this clear solution was added
triethylamne (1.9 nL, 12.8 nmol) and di-t-butyl dicarbonate (928 ng, 4.24

mol ). The reag% an xtuie was stirred at rt for 18 h. The sol ution was
evapor at ed and®t he r 6<°dG8! thrOhdeSgFaprith f8h =S | 11 36 idef udhl Wisiong
CH2C12/ met hanottif HiFlad 18Pusht, tthegi vecdted wiiichl aqccqrspomnﬂ @;ﬁj an oi l

(LG Mass, + i080ii3B,¢Mthen 1074 -o3keR. 5. H I e QN 2. Exampl e 69
conpound was pre epar ed b?/&geptl degocgupl ing %Jfr[ §:l£‘ ‘ém“notééied ‘0l | owed by

dehydr ati on and?S Fepr SR o ifs 1488 Er Fhe PR gRFbr alt Lrst Be:S0: (M5 (VH)
248) . 10 Exanpfeltied) EheNHbdcNntBhegd Iro give the title compound as

an oil which was used without further purification
{LC/Mass:+ ions, 300 M+H).

Step 3

Yo

O}—OH
10 . NH .HCI

Step 2 compound (3.8 g, 9.5 mmol) was suspended in 6 N
HC1 (20 mL) and HOAc {5 mL} and heated at reflux for 20

1t

15 h. The reaction mixture was cocoled, washed with EtOAc
(20 mL), then concentrated to give an oil which

crystallized upon trituration with ether to give the step

3 compound (1.4 g, 76.0%). LC/Mass: + ions, 158 (M+H).
20 Step 4
\:/O
= CH
N,
. BOC

Step 3 compound (728 mg, 3.76 mmol) was dissolved in a

25 1:1 acetone/water solution (24 mL). To this clear
solution was added triethylamine (1.9 mL, 12.8 mmol} and
di-t-butyl dicarbonate (928 mg, 4.24 mmol). The reaction
mixture was stirred at rt for 18 h. The sclution was
evaporated and the residue chromatographed on silica

30 column using CH,Cl,/ methanol (9:1) as eluent to give the
title compound as an oil (LC/Mass, + ion}: 258 (M+H).
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-tS~~IN NHBoc 1S CN Step 1 conmpound was prepared by the procedure
described in General Method C starting from N-Boc-S-t 20 butyl cysteine.
Step 2 O 4S'N 0 NHBoc CN 25 A 25-nL round-bottoned fl ask equi pped with
a magnetic stirring bar and N2 inlet was charged with Step 1 conmpound 108
(78 ng, 0.21 mmol) and chloroform (3 nL). The m xture was cooled to 0C and
treated with mchl or ouer oxybenzoic acid (85 ng, 0.44 mmol) in CHC13 (2
m.). After 3 h the solution was diluted with CHC13 (7 nlL), washed with 5%
5 NaHC03 (2x5dSrELe%j, H20O and dried over Na2SO4. Renoval of solvent gave
crude sul f oxi de €100 ng), which was used w thout further purification

(LG Mass, + ions): 384 (MtH). 10 Step~3 Oz S-**r N NH2 CN 15

Trifluoroacetic acid (1.5 nL) was agded to cooled (0C) solution of Step

2 compound (100 ng, 0.26 mml) in w 2. The solution was then

stirred at OC for 1.5 h, diluted wN CHZC12 (5 nmL) and concentrated under
o]

reduced \?
CN

5 Example 69 compound was prepared by peptide coupling of

Step 4 amino acid fcllowed by dehydration and

deprotection as described in general method C {MS (M+H}

248 .
10 Example 70
o o)
n
/Fs,\)gé
NH
2 CN
Step 1

i D
NHBOCCN

Step 1 compound was prepared by the procedure described

in General Method C starting from N-Boc-5-t-

O
/Fﬁﬁ)g,
0 NHBoc
CN

A 25-mL round-bottomed flask equipped with a magnetic

20 butylcysteine.

Step 2

25

stirring bar and N; inlet was charged with Step 1 compound
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pressure to a thick oil. The product was purified by 20 reverse phase
preparative columm chromatography on a YMC S5 ODS 20x100 nm colum to give
the title conpound of Exanple 70 , 17 ngy, 16% Purification conditions:
gradient elution from 10% net hanol /water/ 0.1 TFA to 90% net hanol /water/
0.1 TFA over 15 min 5 mn hold at 90% 25 net hanol /water/ 0.1 TFA. Flow rate:
20 mL/ mn. Detection wavelength: 220. Retention Tinme 10 Mn (LC/ Mass, +
ion): 284 (MtrH). Exanple 71 Ois " N30 ONH2 CN - 109 Step 1 O O

NEos CN & A 2Broihgl 0y Dol el Fasiccequp ppedt e TBANGHLS | ti T1ing

bar and N2 inlet was charged wi th conpoun rom “S¢ ep 1 (78 nyg,
0.21 nmol ) in "&H 6PBEST MY P Cnind t'Fﬁ‘fél foﬁ%%él%ﬁm%@wbe@@%d treat ed

with m chloroparoxybengoi sacio(14¢4: mup 84 ity )A;.trérc}‘dcllst}(ﬂz 10 ni).
After 30 min ted with  CHC13 , washed
with 5% NaHCCIgSI (lftt%;’n% C{#g andma%‘rl n5'ff:)ver "Na2ses" eﬁe#&&ﬁl bf sol vent
gave the crudd!abiEgs f oird ("}0)0 M) andhdciedveyensdat St + hRemotrat t her
purification (dQhvMasSgave idbe SdhrdMEE Buda wp ,SLEPcK #hs 1SeaNll~

without further purification (LC/Mass, + ions)}: 384
(M+H) .

10 Step 3
o 0 i:
n
/{\sﬁ)LN
NH, CN

15 Triflucroacetic acid (1.5 mL) was added to a cooled (0°C)

solution of Step 2 compound (100 mg, 0.26 mmel) in 5 mL
CH,Cl;. The solution was then stirred at 0°C for 1.5 h,
diluted with CH;Cl; {5 mi) and concentrated under reduced
pressure to a thick oil. The product was purified by

20 reverse phase preparative column chromatography on a YMC
S5 ODS 20x100 mm column to give the title compound of
Example 70 , 17 mg, 16%. Purification conditions:
gradient elution from 10% methanol/water/0.1 TFA to 90%

methanol /water/ 0.1 TFA over 15 min 5 min hold at 90%

[RS)
LA

methanol/water/0.1 TFA. Flow rate: 20 mL/min. Detection
wavelength: 220. Retention Time 10 Min {LC/Mass, + ion):
284 (M+H) .

Example 71

30
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11 ONH2 CN 20 Trifluoroacetic acid (1.5 nL) was added to a cooled (0Q
and stirred solution of Step 1 conpound (100 ng, 0.26 mol) in 5 nL
CH2C12. The solution was stirred at OC for 30 mn, diluted with CHCl12 (5
m.) and concentrated under reduced pressure to a thick oil. The product
was 25 purified by reverse phase preparative colum chromatography on a
YMC S5 ODS 20x100 mm colum to give the title conmpound, 14 ng, 17%
Purification conditions: gradient elution from 10% et hanol/water/0.1 TFA
to 90% net han%{E ter/ 0.1 TFA over 15 min. 5 mn hold at 90% 30
met hanol /wat er70.1 TFA. Flow rate: 20 ml/nmin. Detection 110 wavel engt h:
220. Retention Tinme 10 Mn. (LC/ Mass, + i®n 300 (M+tH). Exanple 72
TFAHNe7\ J 5 CONH2 The title conpoun@ epared follow ng a published
procedure (Sasaki® et al, Tetrahedron fet}y. , 36, 10 3149, Sasaki et ai.
Tetrahedron 1994, 50, 7093) used to SQynvHRs -
(2S, 3R, 45) - N- Boc- 3, 4- et hano- L-proline carboXylate. The correspondi ng
am de was prepared by general method—Aand deprotected with TFA to give
the TFA sagt ?I %é)“ s descrjbed in gfneral nethod A. 15 Exanple 73 HZN NV
! p

O CN 20 The’ti GURE RS PrEEpar 8T BACBEEF hyt 75 "R ES) <
3, 4- met hano- L- ptdtiivey darbexanideaNett rvisfsd abrogedtwatté compound from

Example 70, Step 1 {78 mg, 0.21 mmol} in chloroform {3
mL}. The mixture was ccecled to 0°C and treated with m-
chlocroperoxybenzoic acid (144 mg, 0.84 mmol) in CHCl; (2
10 mL). After 30 min at rt, the soluticn was diluted with
CHCl; (7 mL), washed with 5% NaHCO; {(2x10 mL), H,0 and
dried over Na;S0y. Removal of sslvent gave the crude
sulfone'(loO mg), which was used without further
purification (LC/Mass, + ion): 344 {(M+H-Bu).
15
Step 2

o LA
Heh

20 Trifluorcacetic acid (1.5 mL) was added to a cooled {0°)
and stirred solution of Step 1 compeound (100 mg, 0.26
mmol}l in 5 mL CHzCl;. The solution was stirred at 0% for
30 min, diluted with CHaCl:; {5 ml) and concentrated under
reduced pressure to a thick oil. The product was

25 purified by reverse phase preparative column
chromatography on a YMC S5 ODS 20x100 mm column to give
the title compound, 14 mg, 17%. Purification conditions:
gradient elution from 10% methanol/water/0.1 TFA to 20%
methanol/water/ 0.1 TFA aver 15 min. 5 min hold at 50%

30 methanol/water/0.1 TFA. Flow rate:20 mL/min. Detection
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described in Exanple 72 wth L-cycl ohexyl gl yci ne and then dehydrated to
the am de with POC13/im dazole and deprotected (N-termnal nitrogen) with
TFA using general 25 C (FAB M+ 248). Exanple 74 HyN 7 OCN - 111 The
title conpound was prepared by coupling (2S,3R 4S)- 3, 4-nethano-L-proiine
carboxam de-N-trifluoroacetate described in Exanple 72 with
L-tert-butylglycine and then. 5 dehydrated to the amde with

POC13/i m dazol e and deprotected (N-term naI nit rogen) wi th TFA using
general C (FAB

). mle 75, H 0.0 CN The t|tIe conmpound was
prepared by colplTHg %g %%’(48) \STENRIRY é“r?o 1% Hror i ng-/Mass,
car boxam de- N- t¢mn¥ lﬁ@tﬂoalﬂehat e 15 descrl bed in Exanple 72 with L-valine and
t hen dehydrated to the am de with POC 3/i m dazol e and deprotected (N

termnal nitrogen) with TFA using general C_(FAB M+ 207). 20 Exanple 76
\'J HZNNt OCN The title corrpounE—-ﬁ%l—:pLéx pared by coupling (2S, 3R 45)-

25 3, 4- nmet hano- L-proline carboxam de-N-t oroacetate described in
Exanple 72 with N-(tert-butyl oxycar bTTfiN). -
5 CONH;

The title compound was prepared following a published
procedure {Sasaki et al, Tetrahedron Lett. 1935, 36,

10 3149, Sasaki et al. Tetrahedron 1994, 50, 7093} used to
synthesize (25, 3R,45)-N-Boc~3,4-methano-L-proiine
carboxylate. The corresponding amide was prepared by
general method A and deprotected with TFA to give the TFA

salt also as described in general method A.

Example 73

20 The title compound was prepared by coupling (25,3R,45}-
3,4-methano-L-proline carboxamide-N-trifluorcacetate
described in Example 72 with L-cyclohexylglycine and then
dehydrated to the amide with POCli/imidazole and
deprotected (N-terminal nitrogen) with TFA using general

25 C (FAB MH+ 248).

Example 74

N ;
HoN

QO CN

- 111 -



(1" et hyl cycl opentyl ) gl yci ne described in General Method B and then
dehydrated to the am de with POC1l3/im dazole and deprotected (N-term nal
nitrogen) with TFA using general 30 C (FAB M+ 262). 112 Exanple 77 H2N
N7 OCNS5 The title conpound was prepared by coupling (2S, 3R, 4S)-

3, 4- met hano- L-proline carboxam de-N-trifluoroacetate described in Exanple
72 with N-(tert-butyl oxycarbonyl)- (1'vinylcyclocentyl)glycine described in
General Method B and then dehydrated to the amide with POC13/i m dazol e and
10 deprotected (N-term nal nitrogen) with TFA using General Method C (FAB
MH+ 260). Exanple 78 HO HO N H2N O CN 15
N[((S)-cyclopentylvinyi)-Ntert-b vbabychdyids, 3r, 45) -

(2S, 4S, SS)-2-§9%n g %55 %Pﬁ%%%-”ﬁa-sp%%%{g% ?2"(7_0% fp. 19 ool ) descri bed
in General I\/EBh@dmé},haStoep-QIV\hjs“ﬁjic§§8P6%‘*ﬂldeZ(5J"i“ﬁ‘gg?ﬁx Are®of 2 L t-BuOH /
3 nL THE and I, uet hylmorpeehiges Noxide (38a-b0c8chymine was bdeked

foll owed by osmumtetroxide (0. ,’Ld mjerQI ggcfrgli%dag'&% amgaction was
quenched wist hdehrer e 0% 4G8eBUE NE2S06" and was taken up in Et OAc and
washed with H2@p5otketel i @dt2Em{NaR SOFF2I¢R] tv8rtdd TFRVEPUIRPEG“EAAd puri fi ed

by silica gelC (FRBE MH+ 222).

Example 75
N: S
10 O CN
The title compound was prepared by coupling {28,3R,45) -
3, 4-methano-L-proline carboxamide-N-trifluoroacetate
|5 described in Example 72 with L-valine and then dehydrated
to the amide with POC1l,/imidazole and deprotected (N-
terminal nitrogen) with TFA using general C (FAB MH+
207) .
20 Example 76
N
HaN"™
O CN

The title compound was prepared by coupling {25,3R,45) -

25 3, 4-methano~-L-proline carboxamide-N—trifluoroacetate
¥

described in Example 72 with N—(tert—butyloxycarbonyl)—

i i B
(l’ethylcyclopentyl)glycine described in General Method

and then dehydrated to the amide with POCls/imidazole and

i i 1
deprotected (N-terminal nitrogen) with TFA using genera

30 C {(FAB MH+ 26Z).
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flash chromat ography (5% MeOH CH2C12) to give 41 ng (55% of the protected
diol as an oil. The title conpound was obtained by deprotection of the

am ne functionality with TFA according to General Method C (FAB M+ 294).
30 - 113 Exanple 79 N H2N p CN 5 General Procedure |: Synthesis of
Quaternary Am no Acids Via Mchael Addition to Mal onates fol |l owed by

Sel ective Hydrolysis and Curtius Rearrangenent. Exanples 19-84.

Cycl ohexanone and di et hyl mal onat e underwent Knoevenagel 10 condensati on
medi ated by titaniumtetrachloride in THF and CCl4 to give 40. Copper (I)
nedi ated Grignard addition of methyPHBHESIdm broni de gave 41 which was
sel ectively saponified to 42. Curtiu earrangenent with trapping by

benzyl al cohol gave 43 which was co ed to 15 44 by a standard
deprotection-protection protocol. Este 4 s saponified to give the
gquaternary am no acid 45. Schenme 1IN enal Method I abc OEOOER EtO
OEt Et0O OHI OOOO0OO0OO0 40 41 42 d QA ONH Eto NHHONH 11 I O

CBZ 0 soc 0 BCc

5 The title compound was prepared by coupling (2S5, 3R,45)-
3,4-methano-L-proline carbexamide-N-triflucroacetate
described in Example 72 with N-(tert-butyloxycarbonyl}-
(1"vinylcyclopentyl)glycine described in General Method B
and then dehydrated to the amide with POCi;/imidazeole and

10 deprotected (N-terminal nitrogen) with TFA using General
Method C (FAB MH+ 260) .

Example 78

HO
HO
HyN
O CN
15

N~-[{(S})~cyclopentylvinyl)-N~tert-butoxycarbonylglycinyl]-
{25,45,58) -2-cyano-4, 5-methano-L-prolylamide (70 mg, 0.19
mmel) described in General Method €, Step 2 was dissolved

20 in a mixture of 2 mL t-BuCH / 3 mL THF and N-
methylmorpholine-N-oxide (33mg, 0.28 mmol) was added
followed by osmium tetroxide (0.1 mmol, 50 mol%). The
reaction was guenched with 1 mL of 10% aqueous Na;S50; and
was taken up in EtOAc and washed with H;O 5 mL, dried

25 {Na»S04}, filtered, evaporated and purified by silica gel
flash chromatography (5% MeOH/CH.Cl,)} to give 41 mg (55%)
of the protected diol as an oil. The title compound was
obtained by deprotection of the amine functionality with
TFA according to General Method C (FAB MH+ 294).

30
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43 44 45 a. THE. CCl4, Tid 4, diethylmalonate, 0 C, pyridine, THF, 0 to RT
72 h b. MMgBr, Cul, Et20, 0 CC IN NaOH, EtOH, RT 6 days d. Ph2PON3,

TEA, RT to retux to RT, 20 BnOH e. 10% Pd(CH) 2/ C, Et OAc; (Boc)20. K2C03,
THF f. I N NaOH, dioxane 114 Step 1 EIOOE OO 5 According to
literature procedure (Tetrahedron 1973, 29, 435), a mxture of dry
tetrahydrofuran (400 m.) and dry carbon tetrachloride (50 nL) was cool ed
to OC (ice-salt bath) and treated with titaniumtetrachloride (22.0 nL, 10
0.2 nole). The resulting yell ow suspensi gn was stirred at OC for 5 mn,
treated sequentially with cyclohexa l 53 m, 0.1 nol e) and dlstllled
di ethyl mal onate (15.2 ni, 0.1 nole) then stlrred at 0C for 30 mn. The

reaction mxture was then treated w sojution of dry 15 pyridine (32
d t OCfor 1.0 h, then at rt for
th wat er (100 nL), stirred for 5

m., 0.40 nole) in dry THE (60 niL), st
¥ he conbi ned organic extracts

72 h. The reaction mxture was quench-d

mn, then extracted with ether (2 x.00

were washed with saturated sodi um 20 chlﬂrld (100 nlL), saturated sodi um

bi carbonate (100 nL) and brine (100 nL), dri"ed over anhydrous magnesi um
sulfate, filtered and concentrated—Fast—Tchronat ography wusing 5% Et OAc in
hexane gave step 1 conpound as a light yellowoil. Yield: 5.25 g (22%. M
(M + Na) 2673. Gapera]BroegdurepI: Synthesis of Quaternary Amino Acids

Via Michael Addition to Malonates followed by Selective

Hydrolysis and Curtius Rearrangement. Examples 79-84.

Cyclohexanone and diethylmalonate underwent Knoevenagel
10 condensation mediated by titanium tetrachloride in THF
and CCly to give 40. Copper (I} mediated Grignard
addition of methylmagnesium bromide gave 41 which was
selectively saponified to 42. <Curtius rearrangement with
trapping by benzyl alcohol gave 43 which was converted to
15 44 by a standard deprotection-protection protocol. Ester

44 was saponified to give the guaternary amino acid 45.

Scheme 11, General Method I

e
3,959

45
a. THF, CCi,, TiCl,, diethylmaltonate, O C; pyridine, THF, 0 to RT 72 h b. MeMgBr,

Cul, Et;0, 0 C c. 1N NaOH, EtOH, RT 6 days d. PhPON;, TEA, RT toreflux to RT,
20 BnQOH e. 10% Pd(OH),/C, EtOAC; (Boc),0, K,C0,, THF £ IN NaQOH, dioxane
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EtOOEt O O5 According to literature (Org. Syn. VI, 442, 1988; Liebigs
Ann. Chem 1981, 748) a m xture of 3.0 M nethyl nagnesium iodide (3.1 niL,
9.36 nmol) and cuprous chloride (9.0 ng) was stirred at OC (ice-salt water
bath), treated with a solution of Step 1 conpound (1.5 g, 6.24 muvl) in

.dry 10 ether (1.8 nL) over 5 mn and stirred at OC for 1 h, then at rt for

40 mn. The mxture was slowy added to a slurry of ice and water (15 nli),
treated dropwise with 10% HCl1L (3.7 nL) then extracted with EtQAc (3 x 25
mL). The conbi ned organic extracts were washed with 1% sodi um 15
thiosulfate (2.0 nL) and saturated sodiumchloride (2.0 nlL), dried over
anhydrous magnesépim sul fate, filtered, and concentrated. Flash

chromat ography on a silica gel colunmm usi 5% ether in hexane (1.0 L)
gave step 2 conpound as a clear syrup. ¥ :1.09 ¢,(68%. M5 20

(MtH) 257. Step 3 EE0O OH O O 25 A soluti of Step 2 conpound (1.09 g,
4.03 mol) in a mxture of nethanol (5.4 ) and water (2.7 nL) was
treated with 1IN sodi um hydroxi de (4.8§ m., M. 84epmol or - 116 1.2 equiv)
and stirred at rt for 6 days. The reactign 1fixture still showed the
presence of starting material, so THE (4 0 mL) was added and the entire
m xture stirred for another 2 days. _The solution was evaporated to 5
dryness and®the resulting syrup partitioned between water

According to literature procedure {(Tetrahedron 1973, 29,

435), 2 mixture of dry tetrahydrofuran {400 mL) and dry
carbon tetrachloride (50 mL) was cocled to 0°C {ice-salt
bath) and treated with titanium tetrachloride (22.0 mL,

10 0.2 mole). The resulting yellow suspension was stirred
at 0°C for 5 min, treated seguentially with cyclohexanone
{10.3 mL, 0.1 mole) and distilled diethylmalonate (15.2
mL, 0.1 mole) then stirred at 0°C for 30 min. The
reaction mixture was then treated with a solution of dry

15 pyridine (32 mlL, 0.40 mole) in dry THF (60 mL), stirred
at Q°C for 1.0 h, then at rt for 72 h. The reaction
mixture was quenched with water (100 mL), stirred for 5
mir then extracted with ether {2 x 200 mL}). The combined
organic extracts were washed with saturated sodium

20 chloride {100 mlL), saturated sodium bicarbonate (100 mLj
and brine (100 mL), dried over anhydrous magnesium
sulfate, filtered and concentrated. Flash chromatography
using 5% EtOAc in hexane gave step 1 compound as a light
yellow o0il. Yield: 5.25 g (22%). MS (M + Na) 263.

25
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(8.0 nL) and ether (15 nlL). The aqueous phase was acidified with IN
hydrochloric acid (4.8 nL) to pH 2-3 and extracted with EtQAc (3 x 25 nL).
The conbi ned organic extracts were washed with brine (10.0 nL), dried 10
over anhydrous magnesium sul fate, filtered, and concentrated to give step
3 conpound as a thick syrup. Yield: 875 ng, (95.1%9. M5 (M+ H) 229. O
alternately: solutions of the diester in a mxture of 15 ethanol, THF,

di oxane and water or m xtures thereof nay be hydrolyzed with sodi um
hydr oxi de. Step tépE'C)NH I OCBzZ 20 According to literature (J. Og.
Chem 1994, 59, 8215), a solution of Step 3 conmpound (0.875 g, 3.83 mmol)
in dry benzene (4.0 nL) was treated w riethylamne (0.52 nm., 25 3.83
nmol ) and di phenyl phosphoryl azi de (0. , 3.83 nmmol), refluxed under
nitrogen for 1 h and cooled to rt. The ution was treated with benzyl

al cohol (0.60 nL, 5.75 mmol or 1.5 equi bg{luxed for 17 h, cool ed then
diluted with ether (40 nmL). The sol &®i S Washed with 30 10@6aqueous
citric acid (2x3 nlL), back-extracting tfe itric acid wash with ether (40
m.). The conbined - 117 organic extracts were washed with 5% sodi um

bi carbonate (2x3 nL), dried (MySO4), TiTtered, and concentrated. Flash

chr omat ogr aphy, 0 lica g of .the ude rod ct % Ef QAc i n hexane
(1.0 L) gavg s’f‘etgo%!m %8u§5t%%a 8 g{)é%r Sy?%\ﬂp q\?JBgl'd L1gPIEs 4 (909 .

NB(Nm+ﬂ 334. Ann. Chem 1981, 748} a mixture of .0 M methylmagnesium

iodide (3.1 mL, 9.36 mmol} and cuprous chloride (9.0 mg)

was stirred at 0°C (ice-salt water bath), treated with a
solution of Step 1 compound (1.5 g, 6.24 mmol) in dry

10 ether (1.8 mL) over 5 min and stirred at 0°C for 1 h, then
at rt for 40 min. The mixture was slowly added to a
slurry of ice and water (15 ml), treated dropwise with
16% HC1l (3.7 mL) then extracted with EtOAc (3 % 25 mL).
The combined organic extracts were washed with 1% sodium

15 thiosulfate (2.0 mL) and saturated sodium chloride (2.0
mL}, dried over anhydrous magnesium sulfate, filtered,
and concentrated. Flash cﬁromatography on a silica gel
column using 5% ether in hexane (1.0 L) gave step 2
compound as a clear syrup. Yield: 1.09 g, {68%). MS

20 {(M+H)257.

Step 3

EtO OH

25
A solution of Step 2 compound {(1.09 g, 4.03 mmol) in a
mizxture of methanol (5.4 mL) and water {2.7 ml) was

treated with 1IN sodium hydroxide (4.84 mL, 4.84 mmol or
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Step 5 EFONH | OBoc 10 A solution of Step 4 conpound (1.15 g, 3.46
mmol) in EtOAc (60 nL) was treated with palladi um hydroxi de on carbon
(298 ngy) and hydrogenated at rt for 20 h. The mxture was filtered through
a celite pad and then 15 washing the pad well. with EtOAc (3 x 25 nL) then
the filtrate was concentrated to give the free amne. A solution of the
amne in tetrahydrofuran (12 nL) and water (12 nlL) was treated with

di -t-butyl dicarbonate (1.0 g, 4.58 mml or 1.48 equiv) and potassium
carbonate 20 (854 4 59 §d”a‘~.@1rr%a W)ee t hen srgllrred at rt for 20
h. The reaction nmixturé Was partition d beotr e WAt er *S( 8T Uhd di et hyl
ether (3 x 40 fﬁfl_%tua:ﬁfdStﬁhélcﬁrﬁmeﬂiedheomg@ﬂr@eemfrabatxsﬁmer sawasteld wWith brine
(8 nL), dried s M3SO4), of il 1 6f£d-caBd £QNGEMAL EﬁEEPe afih@she ChHY orRt.ogr aphy 25
of ‘'t he crude péoduct wth_ 10% Et OAc in hexane (1 L) gave step 5 conpound

as a clear thitk @IEETVEefs 1. T8%¢°C{U96 ¥=RE (PP £3805° Ot her et hods
can al so be’ enptyoneed, ahdr tiexamgudxi39 Acoer gangit torket bahedsonidmett . 1988,

29, 2983, wherega 59| %wﬁtﬁ_ 148 #agﬂzy"ﬁaer QA0BLG, Igha %ghgggl may be

treated - 118 with trie ane -t-bu I carbonate (I.
equi v), catal y"t‘"rjcdlpfallepaﬂi‘ﬁ% ]a“bé‘tY&‘tféc%‘b"-’-‘tcr |a§t1HyI{ &fﬁ ) (CG BHefd v) to g ve
t he BOC- prot eciwdl cadtireced W tDMROAPOLS AINAL) . S The combined

organic extracts were washed with brine (10.0 mL), dried
i0 over anhydrous magnesium sulfate, filtered, and
concentrated to give step 3 compound as a thick syrup.

Yield: 875 mg, (95.1%). MS (M + H)} 229.

Or alternately: solutions of the diester in a mixture of
15 ethanol, THF, dioxane and water or mixtures thereof may

be hydrolyzed with sodium hydroxide.

Step 4

EtO NH

|
6] cBZ
20

According to literature {J. Org. Chem 1994, 59, 8215}, =
sclution of Step 3 compound {0.875 g, 3.83 mmol) in dry
benzene (4.0 mi) was treated with triethylamine {0.52 nmL,
25 3.82 mmol) and diphenylphosphoryl azide (0.85 mL, 3.83
mmol), refluxed under nitreogen for 1 h and cooled to rt.
The solution was treated with benzyl alcohol (0.60 wml,
5.75 mmol or 1.5 equiv), refluxed for 17 h, cooled then
diluted with ether (40 mL)}. The sclution was washed with
30 10% aqueous citric acid (Z2x3 mlL) ,back-extracting the

citric acid wash with ether {40 mL}. The combined
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O alternately: Solutions of the benzyl carbamate in nethanol nmay be

subj ected to hydrogenolysis in the present of di-t-butyldicarbonate to
give the BOC- protected anine in a "one-pot" nmanner. 10 Step 6 HO NH O eoc
15 A solution of Step S conpound (1.18 g, 3.09 mml) in dioxane (8.0 nl)
was treated with 114 sodium hydroxide (9.1 nL, 9.1 nmol or 3.0 equiv) and
stirred at 60C (oil bath) for 28 h. The reaction m xture was concentrated
to a syrup which was dissolved in water (15 nL) and 20 extracted W th
ether (25 nlL). ;Fhen i d 1N
hydr ochl ori c amg (?ﬁﬁc??aﬁ%éﬁ?ﬂgtﬁe@% ?)h %8% (?D§ Bn?ﬁ_ The
conbi ned or gani &> e¥trradtd eie I Sas hel Wit ds at uf astcwe%aamﬁ chI oride (10
m.), dried (MySD43hn cfl’lﬂdl‘rﬁltedraw 25 seonegnddlabedt ho Give phepud: conpound

as an off-whitg 808 ng,(9 - 119 Step 7 N
H2N O CN 5 The tllt;ﬁloied%cégt%ou i i hre érgﬁ)f rggr‘ﬁesg/g%géz%ﬁﬁ%%l 2%ccor di ng
to the procédur’eci?ﬁ@éﬁ’eﬂél sKetthod ‘I@e\l\,ﬁerel tie g 4APho. adisdMwas Toupl ed, the
am de was dehydrated, and the protecting group renoved to give the title

conpound. M5 g@@;‘;—bs 262. 10

EtO NH

O Boc

10
A solution of Step 4 compound (1.15 g, 3.46 mmol) in
EtCAc {60 mL) was treated with palladium hydroxide on
carbon (298 mg) and hydrogenated at rt for 20 h. The
mixture was filtered through a celite pad and then

15 washing the pad well with EtOAc (3 x 25 mL} then the
filtrate was concentrated to give the free amine. A
solution of the amine in tetrahydrofuran (12 wml) and
water (12 mlL) was treated with di-ft-butyl dicarbonate
(1.0 g, 4.58 mmol or 1.48 equiv} and poctassium carbonate

20 {854 mg, 6.18 mmol or 2.0 equiv}), then stirred at rt for
20 h. The reaction mixture was partitioned between water
(8 mL) and diethyl ether (3 x 40 ml) and the combined
organic extracts were washed with brine (8 mL}, dried
{Mg504), filtered, and concentrated. Flash chromatography

25 of the crude product with 10% EtOAc in hexane (1 L} gave
step 5 compound as a clear thick syrup. Yield: 1.18 g
{100%). MS:(M+H} 300.

Other methods can also be employed, for example:
30 According to Tetrahedron Lett. 1988, 29, 2983, where a

solution of the benzylcarbamate in ethanol may be treated
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Compounds 90- 100 were prepared by General Method I and General Method C
starting from cycl ohexanone, cycl opentanone and cycl obut anone, and

enpl oying nethyl-, ethyl-, allyl- and propyl nagnesi um halides as Gignard
15 reagents. Table 5 XNR H2 0 CN Exanple # Cycl oal kane R M5 Data M+H 79
cycl ohexane Methyl 262 80 cycl ohexane Ethyl 276 81 cycl opentane Met hyl
248 82 cyclopentane Allyl 274 83 cycl opentane Propyl 276 84 cycl obutane
Methyl 234 20 - 120 Exanple 85 NHZNCN O Step 11 Ot EO5 O
According to ture of dry garpagn trachl oride (50 nL) was
cooled to 0OC ﬁfg%;ﬂplgg Zgh Ta? u”a{t'eg ?"H‘tty'tlgéﬁ?{f?ﬁ”taéter athtori de
(11.0 nm_, O. 19%[")’ CFﬁ’éaJrsetsGl Pﬁhga@neml ewe s asp earsi @mlmmméed at 0C

{0.3 equiv} to give the BOC-protected amine in a “one-

pot” manner,

5
Or alternately: Solutions of the benzylcarbamate in
methanol may be subjected to hydrogenclysis in the
present of di-t-butyldicarbonate to give the BOC-
protected amine in a “one-pot” manner.

10

Step 6

HO

15 A solution of Step 5 compound {(1.18 g, 3.09 mmcl) in
dioxane (8.0 mlL) was treated with 1N sodium hydroxide
{92.1 mL, 9.1 mmol or 3.0 equiv! and stirred at 60°C {(oil
bath) for 28 h. The reaction mixture was concentrated to
a syrup which was dissolved in water (15 mL} and

20  extracted with ether (25 mL). The aqueous phase was
acidified to pH 2-3 with 1N hydrochloric acid (9.2 mL)
then extracted with EtCAc (3 x 50 mL). The combined
organic extracts were washed with saturated sodium
chloride (10 mL}, dried {MgS04), filtered, and

25 concentrated to give Step € compound as an off-white
sclid. Yield: 808 mg (96%). MS (M+H) 272.
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for 5 mn, treated sequentially with cycl opentanone (4.42 ni, 0.05 nol)
and distilled diethylmalonate (7.6 niL, 0.05 nol) then stirred at 0OC for 30
mn. The reaction m xture 15 was then treated with a solution of dry
pyridine (16 mL, 0.20 nmol) in dry THE (30 nmL), stirred at OC for 1.0 h,
then at rt for 20 h. The reaction m xture was quenched wth water (50 ni),
stirred for 5 mn then extracted with ether (2 x 100 nL). The conbi ned
organi c extracts were 20 washed with saturated sodiumchloride (50 ni),
saturated sodgien bi carbonate (50 nL) and brine (50 nL), dried (MSOH4),
filtered and concentrated. Flash chromatography using 5% Et OAc i n hexane
gave Step 1 conpound as a light vyel il. Yield: 7.67 g (68%. M5 (M +
H 226. 25 - 121 Step 2 CEt EtO O S tion of Step 1 conpound (1.00
g, 4.42 mmol) in nethanol (50 nL) wa e with 10% Pd/C (0.20 g, 10
nol 99 and hydrogenated (balloon pressuie) gt pt for 20 h. The m xture was
diluted with nethanol and filteredH:mhroggh pad of celite. The filtrate
was concentrated 10 and purified by flas@y cotwarm chromat ography on silica
gel with 7% EtOAc in hexanes to give 0.84 g (91% of Step 2 conpound. M5
(MtH) 229. Step 3 LOH HN O

"5 The title compound was prepared from Step 6 compound

according to the procedure in General Method C where the
amino acid was coupled, the amide was dehydrated, and the
protecting group removed to give the title compound. MS
{M+H) 252.

10
Compounds 90-100 were prepared by General Method I and
GeneralAMethod C starting from cyclohexancne,
cyclopentanone and cyclecbutanone, and employing methyl-,
ethyl-, allyl- and propylmagnesium halides as Grignard

15 reagents.

Table 5
P
e
HoN
0 CN
Example # Cycloalkane R MS Data

M+H
79 cyclohexane Methyl 262
80 cyclohexane Ethyl 276
81 cyclopentane Methyl 248
g2 ' cyclopentane Allyl 274
83 cyclopentane Propyl 276
84 cyclobutane Methyi 234

20
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15 Boc The Step 3 conpound was prepared by the process outlined in General
Met hod H, where the ester underwent 20 hydrolysis, Curtius Rearrangenent,
protecting group exchange, and again final ester hydrolysis. Step 4 HZN O
CN 25 - 122 The title conmpound was prepared from Step 3 conpound
according to the procedure in, General Method C where the amno acid was
coupl ed, the am de was dehydrated, and the protecting group renoved to
give the title conpound. M5 5 (M-H)234. Exanples 86 and 87 were prepared
by the procedures used for Exanple égﬂgﬁgrbgng from cycl ohexanone and

cycl obut anone respectively. N HzZN anple if Cycl oal kane Mass
Spec M +H 85 cycl opentyl 234 86 cychohepw 248 87 cycl obutyl 220
Exanple 89 HN unH O 15 NC Step 1

HoN CiN

Step 1

\ o=t
EtO

According to Example 7%: A mixture of dry carbon

tetrachleride (50 mL) was cocled to 0°C ({ice-salt bath)

10 and treated with titanium tetrachloride (11.0 mL, Q.1
mol). The resulting yellow suspension was stirred at 0°C
for 5 min, treated sequentially with cyclopentanone (4.4%2
mL, 0.05 mol}) and distilled diethylmalonate (7.6 mlL, 0.05

mol} then stirred at 0°C for 30 min. The reaction mixture

15 was then treated with a sclution of dry pyridine {16 mL,
0.20 mol) in dry THF {30 miL), stirred at 0°C for 1.0 h,
then at rt for 20 h. The reaction mixture was quanched
with water (50 mL}, stirred for 5 min then extracted with
ether {2 x 100 mL). The combined organic extracts ware

20 washed with saturated sodium chloride (50 mL), saturated
sodium bicarbonate (50 mL) and brine (50 mL), dried
{MgS0,), filtered and concentrated. Flash chromatography
using 5% EtOAc in hexane gave Step 1 compound as a light
yellow oil. Yield: 7.67 g (68%). MS (M + H) 226.

25
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OH 0 - 123 Step 1 conpound was prepared in Exanple 6 Step 1. Step 2 HN
wWiH O N\ 5 NC The title conmpound was prepared from Step 1 conpound
according to General Method C, where the carboxylic acid 10 underwent a
pepti de coupling, the am de dehydration and protecting group renoval. M5
(MrH) 218. 124 Exanples 90 to 99 Exanples of conpounds where X = H include
the following conpounds which nay be prepared enpl oyi ng procedures as 5
descri bed hereinbefore. RS RZR3 /NU HHnNnlI'( ,11(y n R4 OX=HEx. #n
xleRZRB%te?pOOlt Bu HH - 91001adarranty| HH- 92 001HH
HO"*r 93001 QHM-94010t -Bu95 010 adamantyi HH 96 0 1 O H
H -

OEt
EtO

5 A solution of Step 1 compound {1.00 g, 4.42 mmol) in
methanol (50 mL} was treated with 10% Pd/C (0.20 g, 10
mol%} and hydrogenated (balloon pressure) at rt for 20 h.
The mixture was diluted with methanol and filtered
through a pad of celite. The filtrate was concentrated

10 and purified by flash column chromatography on silica gel
with 7% EtOARc in hexanes to give 0.84 g (91%) of Step 2
compound. MS (M+H) 229.

Step 3

C

HN
15 Boc

OH

The Step 3 compound was prepared by the process cutlined
in General Method H, where the ester underwent
20 hydrolysis, Curtius Rearrangement, protecting group

exchange, and again final ester hydrolysis.

Step {4

H,N CN
25
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HO97 01 0O HM 98 101 HHHt-Bu 9110 M HHt-Bu 10 125

Exanpl es 100 to 109 Exanpl es of conpounds where n = 1 include the foll ow ng
conpounds whi ch nmay be prepared enpl oyi ng procedures as 5 described

herei nbefore. R3 RZRL Hn-1 /NN~ 1 11 NY RA OXEx. # XXy RLRZR3 R4
100 CNO 1 HHHt-Bu 101 CNO 1 HH H adamantyl 102 CNO 1 H Me H HO~
103 CNO1nHMH 104CN1O0Ot Bul I-1 HH 105 CN 1 0 adamantyi HH M
rri06 CN1 O ~Er HH HO 107 CN1 O HH M Q 108 HO 1 t-Bu HH 109 H

10 M HH t-Bthe ¥a§leV¥@ﬁpddidCh§§nﬁ%&ﬂé&éd from Step 3 compound

according to the procedure in General Method C where the

amino acid was cgoupled, the amide was dehydrated, and the

preotecting group removed to give the title compound. MS
5 (M+H)234. '

Examples 86 and 87 were prepared by the procedures used
for Example 85 starting from cyclohexanone and

cyclobutanone respectively.

N
HoN CN
10 o
Example # Cycleoalkane Mass Spec
M+H
85 cyclopentyl 234
86 cyclohexyl 248
87 cyclobutyl 220
Erxample 83
HN linH
M
0
15 NC
Step 1
Boc—N
OH
0]
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1. A conpound having the structure R3 R22RRI /| x Il R4 O X wherein x is O
or 1 andyis Oor 1, provided that x =1 wheny =0 and x = 0 when y = 1;
and wherein nis Oor 1; Xis H R, }Z2, R and R are the sane or
different and are independently selected from hydrogen, alkyl, alkenyl,
aLkynyl, cycloal k_yl, cycloal kyl al kyl, bicycloal kyl, tricycloal kyl,

al kyl cycl oal kyl , hydroxyal kyl, hydroxyal kyl cycl oal kyl, hydroxycycl oal kyl ,
hydr oxybi cycl oal kyl , hydroxytricycl oal kyl, bicycl oal kyl al kyl

al kyl t hi oal kyl, aryl al kylt hioal kyl, aryl, aralkyl, heteroaryl, or

het eroaryl al kybiegll RRbbERGI4A sWbshiddtied ekbroughy %%@FI abl e carbon atons
with 1, 2, 3, 4 or 5 groups selected from hydrogen, halo, alkyl,

pol yhal oal kyl , al koxy, hal oal koxy; pol yhal oal koxy, al koxycarbonyl,

al kenyl , al kyngtep cycl oal kyl, cycl oal kyl al kyl, pol ycycl oal kyl ,

het eroarylam no, arylam no, cycloheteroalLkyl al kyl, hydroxy, hydroxyal kyl,
nitro, cyano, am no, substituted amjfMg, al kylam no, dial kyl am no, thiol,
al kylthio, _.alkylcarbonyl, acyl, alflkoxycarbonyl, am nocarbonyl,

al kynyl am nocar bonyl, al kyl am nocar B8ay,,; al kenyl am nocar bonyl ,

al kyl car bonyl oxy, al kyl car bonyl am no, iaryl bonyl am no,

al kyl sul f onyl am no, alkylaninocarbonyb i"HO,

5 NC

The title compound was prepared from Step 1 compound
according to General Method C, where the carboxylic acid
10 underwent a peptide coupling, the amide dehydration and

protecting group removal. MS (M+H) 218.
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al koxycar bonyl am no, al kyl sul fonyl, am nosul finyl, am nosulfonyl,

al kyl sul finyl, sulfonam do or sulfonyl; 127 and R3 and R3 may optionally
be taken together to form-(CR5R6). where mis 2 to 6, and R5 and RG are
the sane or different and are independently selected from hydroxy,

al koxy, H, al kyl,.alkenyl, alkynyl, cycloal kyl, halo, am no, substituted
am no, cycl oal kyl al kyl, aryl, arylal kyl, heteroaryl, heteroarylal kyl,

al kyl car bonyl am no, aryl carbonyl am no, al koxycar bonyl am no,

aryl oxycar bonyl am no, al koxycar heayhiearwl_exyear bonyl, or al

kyl am nocar bonyl am no, or R and R4 may optionally be taken together to
form-(CR RB)p- wherein is 2to R and R6 are the sane or

di fferent and Eﬁﬁa@pﬂﬁﬁe%r?d’é‘ﬁf’}l?rds s‘"é?}eé@t éd i oRHydro5Be RexynIcyano, H,
al kyl , al kenylcompghkg#fywhichy ohpabk repeyed oatddyplyahlsyprodealuresaas no,

substi tuted ameRRriBéd|ner@ivbakkyd, heteroaryl, heteroarylal kyl,

al kyl car bonyl am no, aryl carbonyl am no, al koxycar bonyl am no,

aryl oxycar bonyl am no, al koxycar bonyl, aryl oxycarbonyl, or al

kyl am nocar bonyl am no, or optionally R and together with a'n forma 5
to 7 menbered ring containing at i‘!ala2 of (#d o014 heteroatons selected from
N, 0, S, SO or S@2; with the pro ISO’ hat Wne xisl yiso nis o and
one of R and R2 is H and the ath , flhenRSis ot her than
pyridyl or substituted pyridyl; and l.,l’lC| d| n thar maceuti cal |y acceptabl e
salts thereof, _

Ex. #| n | x | y R R? R’ R!
90 0 0 1 t-Bu H H -
91 0 0 1 adamantyl H H -
g2 0 0 1 H H -

HO
ol
93 o1 0|1 Q H Me -
T
94 D 1 Q t-Bu H H -
95 0 1 0 adamantyl H H -
36 ol 1140 \/>’_'"/\ H H -
HO
ol
97 0ot 110 Q H Me -
ad
98 1 0 1 H H H t-Bu
99 1 1 0 Me H H t-Bu

10
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and all stereoisoners thereof. 128 129- 2. The conpound as defined in
Caiml having the structure: RBRZ R 5 H/NN n R- OX3. The conpound
as defined in Claim1l having the structure: 100 RSRZR ~~// HN / R O
SIX( 15 4. The conpound as defined in Claim1l wherein the cycloprcpl fused
to the pyrrolidine has the configuration: \ x -NI| 20 5. A pharnaceuti cal
conposition conprising a conpound as defined in Claiml and a
pharmaceutically acceptable carrier therefor. 25 6. A pharmaceuti cal

conbi nation conprising a DP4 i nﬂal%{ Eor g@@g}qugas defined in Caim1l and
an antidi abetic agent other th for treating di abetes and
rel ated di seases, an anti-obesity agent and/or a |ipid- nodul ati ng agent.
30 7. The phar rrastiidscalf eongnumatsi oneas ef ilnedclwmClralemeb61100mey i Si ng said

DP4 inhibiFor EG%%HHHH§ %chﬁﬂmﬁﬂkkdbﬁgﬁﬁﬂéa employing procedures as

5 described hereinbefore.

Ta 2 R1 ( x
N. N
4 X

R o}

\\\\W

Ex. #| X x Y R! R? R} R
100 CN 0 1 H H H t-Bu
101 CN 0 1 H H H adamantyl
102 CN 0 1 H Me H 2
o>
ol
H

103 | oN | o 1 Q H Me
ot
t-Bu

104 CHN i J t H H H
105 CN 1 0 adamantyl H H Me
106 CN 1 0 & Et H H

3
Ho.
__/:\f
4

107 | cn | 1 0 H Me Q
o~

108 H 0 1 t-Bu H H H

109 H 1 0 Me H H £-Bu
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agent. 8 . The conbination as defined in Cdaim7 wherein the antidiabetic
agent is 1, 2, 3. or nore of a biguanide, a sulfonyl urea, a glucosidase
inhibitor, a PPARy 5 agonist, a PPAR a/y dual agonist, an SG.T2 i nhi bitor,
an aP2 inhibitor, a glycogen phosphorylase inhibitor, an AGE i nhibitor,
an insulin sensitizer, a glucagon-like peptide-1 (GP-1) or mnetic
thereof, insulin and/or a neglitinide. 10 9 The conbi nation as defined in
Claim8 wherein the antidiabetic agent is 1, 2, 3 or nore of netformn,

gl yburide, glinepiride, glipyride, glipizide, chlorpropamde, gliclazide,
acarbose, mglitol, 15 pioglitazone, troglitazone, rosiglitazone, insulin,
d - 262570, |sagl|tazone JTT-501, NN-2344, L895645, YM 440, R-119702,
AJ9677, repaghm&ét héi%ﬁ?ﬁﬁ?dé KAD1129, AR- 11039242, GWM 409544, KRP297,
AC2993. Exendi n-4, LY307164,comrRe2d havAnd bRe LY3P§885° 20 10 The

conbi nation as defined in Gaim7 wherein the compound is present in a
weight ratio to the antidiabetic agent within range from about 0.01 to
about 100:1. 25 11. The conbination & gefgndd,i nJCl aim6 wherein the
anti-obesity agent is a beta 3 adren rgi 8/ agofi st ) a | i pase inhibitor, a
serotonin (and dopam ne) reuptake gin It Yroid receptor beta
conpound, an anorectic 30 agent, and/o nea f tty aC|d oxi dation upregul ator.
12. The conbi nation as defined in C|a|n111 Wher &

wherein x is 0 or 1 and y is 0 or 1, orov1ded that

1 when y = 0 and

0 when y = 1; and wherein

i

i

is 0 or 1;

E 3= N

is H; _

R!, R}, R’ and R' are the same or different and are
independently selected from hydrogen, alkyl. alkenyl,
alkynyl, cycloalkyl, cycloalkylalkyl, bicycloalkyl,
tricycloalkyl, alkylcycloalkyl hydroxyalkyl.,
hydroxyalkylcycloalkyl, hydroxycycloalkyl,
hydroxyblcycloalkyl, hydroxytrlcycloalkyl,
blcycloalkylalkyl alkylthioalkyl, arylalkylthioalkyl,
aryl, aralkyl, heteroaryl, or he‘reroorylclkyi

all optionally .
substituted through available carbon atoms with 1,

4 or 5 groups selected from hydrogen, halo, alkyl,
polyhaloalkyl, alkoxy. haloalkoxy; polyhaloalkoxy,
alkoxycarbonyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, polycycloalkyl, heteroarylamino,
arylamino, cycloheterodlkylalkylc
hydroxy, hydroxyalkyl, nitro, cyano, amino,
amino, alkylamino, dialkylamino, thiol, alkylthio,
_.alkylcarbonyl, acyl. alkoxycarbonyl, aminocarbonyl,
alkynylamlnocarbonyl alkylaminocarbonyl,
alkenylamlnocarbonyl, alkylcarbonyloxy,
alkylcarbonylamino, arylcarbonylamino,

alkylsulfonylamino, alkylamlnocarbonylamlno,
alkylsulfonyl, aminosulfinyl,

2, 3,

substituted

alkoxycarbonylamino, y
aminosulfonyl, alkylsulfinyl, gulfonamido or sul fony
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the anti-obesity agent is orlistat, ATL-962, AJ9677, L750355, CP331648,

si butram ne, topiramate, axokine, 35 dexanphetam ne, phenterm ne,

phenyl propanol am ne, fanoxin, and/or nmazindol. - 130 13 . The conbi nation
as defined in claim6 wherein the lipid nodulating agent is an MIP

i nhibitor, an HMG CoA reductase inhibitor, a squal ene synthetase
inhibitor, a fibric acid derivative, an upregul ator of LDL receptor 5
activity, a |ipoxygenase inhibitor, an ACAT inhibitor, a cholesteryl ester
transfer protein inhibitor, or an ATP citrate |lyase inhibitor. 14 The
combinat i on as defined.ipn Q.aim 13, WaRha11 ) bel Rexdd Richemdul edi ng agent

is pravastatin, lovad&f§tin  sinmvastatin ory allh,-sCerj, V, atin,
fluvastatin, rforrast@R RN = vIRAES &t A, 5fféonﬁ' Bné%{f’ rIllINﬁlrﬁri %é z‘?rig,

i brate, ge

cl ofibrate, irrpdainmeapi:deif@eBQ%M$,rea®&%?ﬂﬁ“S€?tLPS-SggE?te 780, and/ or
LY295427. 15 15,/ Hhexgonbixeali on, adikget i abdniyd, Gilivayla Welalkylthe DP4
| nhi bi tor is present aphd Webgbiel@d nifo ! hgelbdpidanbgll at i ng agent
within the rang€ from about 0.g1 e;ééﬁggput 100: 1. 20 16 A pharnaceuti cal
conbi nati on conpF¥si rgva2 Bt PSEFBITor conpound as defined in Caim1l and
an agent for thegatroagyla¥keridtility, an agent for treating polycystic ovary
syndrome, an agendyifberpéngaming, eagloarborllesider 25 and/or frailty, an
anti-arthritis aalq(%’}BFa?ﬂbrﬁa%B&né,oraryrzeeyemudaglm_mdoi ting allograft
rejection in t;fﬂgiycg?éggﬁf?nhr§q5£yyggho;§g} ngatlng aut oi nmune

alkylaminocarbonylamino, or R! and R' may optionally be
raken together to form - (CR'R®) p- wherein p is 2 to §, and
’? and R® are the same or different and are independently

selected from hydroxy, alkoxy, cyano, H, alkyl, alkenyl,

alkynyl, cycloalkyl, cycloalkylalkyl, halo.

amino, substituted amino, aryl, arylalkyl, heteroaryl,
heteroarylalkyl,

alkylcarbonylamino, arylcarbonylamino,
alkoxycarbénylamino, aryloxycarbonylamino,
alkoxycarbonyl, aryloxycarbonyl, or

3
alkylaminocarbonylamino, or optionally R! and R’ together

with

(w~n

<)
R! form a S to 7 membered ring containing & total
of 2 to 4 heteroatoms selected from N, 0, S, 80, or S0,;

Qith the proviso that where X ijs 1, y is o, n is © and one

. y .
of R and R? is H and the other is alkyl, then R* 1S other than
pyridyl oxr substituted pyridyl;

and including pharmaceutically acceptable salts thereof,

and all sterecoisomers thereof.
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di sease, an anti-AlIDS agent, an agent for treating inflammtory bowel

di sease/ syndrone, an agent for 30 treating anorexia nervosa, an

anti - osteoporosis agent and/or an anti-obesity agent. 17. Use of a
conpound as clainmed in claiml1l for the manufacture of a nedicanent for the
treatnment of diabetes, insulin resistance, hyperglycema, 35

hyperi sulinem a, or elevated blood levels of free fatty acids or glycerol,
obesity, Syndronme X, dysmetabolic syndrone, diabetic conplications,
hypertri gl yceridem a, hyperinsulinema, atherosclerosis, inpaired glucose
honeostasi s, inpaired glucose 131 tolerance, infertility, polycystic
ovary syndronme, growth disorders, frailEg, arthritis, allograft rejection
in transplantation, autoinmune diseaséé, Al DS, intestinal diseases,

i nfl ammat ory bowel syndrone, nervosa, osteoporosis, or an i munonodul atory’
-di sease or a chragnic Lnflammtory _bowel disegse. 18.. The use as clained in
claim17, wherei%'sai%ﬁ%fgg'ﬁ%h %ng%ﬁﬁfgté% Fﬁ§|§J€§lﬁ9p§“ﬁ| di abet es
and/ or obesi$3ructgpe:

? g gl
W N
-
5 q -
R o X
3. The compound as defined in Claim 1 having the
structure:
10
*1‘3 rR? Rr!
~N N
H n
RI
15 4, The compound as defined in Claim 1 wherein the
cyclopropl fused to the pyrrolidine has the configuration:
(P
—N
)y
20
5. A pharmaceutical compeosition comprising a compound as
defined in Claim 1 and a pharmaceutically acceptable carrier
therefor.
25 6. A pharmaceutical combinaticn comprising a DP4

inhibitor compound as defined in Claim 1 and an antidiabetic
agent cther than a DF4 inhibitor for treating diabetes and
related dissase an anti-obesity agent and/or a lipid-

S
modulating agent.

7. The pharmaceutical combination as defined in Claim 6
comprising said DP4 inhibitor compound and an antidiabetic

agent.
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8 . The combination as defined in Claim 7 wherein
the antidiabetic agent is 1, 2, 3 or more of a biguanide,
a sulfonyl urea, a glucosidase inhibitor, a PPAR vy
agonist, a PPAR «/y dual agonist, an SGLT2 inhibitor, an
aP2 inhibitor, a glycogen phosphorylase inhibitor, an AGE
inhibitor, an insulin sensitizer, a glucagon-like
peptide-1 (GLP-1} or mimetic thereof, insulin and/or a
meglitinide.

% . The combinatiocn as defined in Claim B wherein
the antidiabetic agent is 1, 2, 3 or more of metformin,
glyburide, glimepiride, glipyride, glipizide,
chlorpropamide, gliclazide, acarbose, miglitol,
pioglitazone, troglitazone, rosiglitazone, insulin, Gl-
262570, isaglitazone, JTT-501, NN-2344, L895645, YM-440,
R-119702, AJ9677, repaglinide, nateglinide, KAD1129, AR-
HO39242, GW-409544, KRP297, AC2993, Exendin-4, LY307161,
NN2211, and/or LY315902.

10 . The combination as defined in Claim 7 wherein
the compound is present in a weight ratio to the
antidiabetic agent within the range from about 0.0l to
about 100:1.

11. The combination as defined in Claim & wherein
the anti-obesity agent is a.beta 3 adrenergic agonist, a
lipase inhibitor, a serotonin (and dopamine) reuptake
inhibitor, a thyroid receptor beta compound, an anorectic

agent, and/or a fatty acid oxidation upregulator.

12.- The combination as defined in Claim 11 wherein
the anti-obesity agent is orlistat, ATL-962, AJS677.
L750355, CP331648, sibutramine, topiramate, axokine,
dexamphetamine, phentermine, phenylpropanolamine,

famoxin, and/or mazindol,
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13 . The combination as defined in Claim 6 wherein
the lipid modulating agent is an MTP inhibitor, an HMG
CoA reductase inhibitor, a squalene synthetase inhibitor,
a fibric acid derivative, an upregulator of LDL receptor
activity, a lipoxygenase inhibitor, an ACAT inhibitor, a
cholesteryl ester transfer protein inhibitor, or am ATP
citrate lyase inhibitor.

14 . The combination as defined in Claim 13 whérein
the lipid modulating agent is pravastatin, lovastatih,
gimvastatin, atorvastatin, cerivastatin, fluvastatin,
nisvastatin, visaatatin, fenofibrate, gewmfibrozil,
clofibrate, implitapide, CP-529,414, avasimibe, TS-962,
MD-700, and/or LY295427.

15 . The combination as defined in Claim 13 wherein
the DP4 inhibitor is present in a weight ratio to the
lipid-modulating agent within the range from about 0.01
to about 100:1. '

16 . A pharmaceutical combination comprising a DP4
inhibitor compound as defined in Claim 1 and an agent for
treating infertility, an agent for treating polycystic
6vary syndrome, an agent for treating a growth disorder
and/or frailty, an anti-arthritis agent, an agent for
preventing inhibiting allograft rejection in
transplantation, an agent for treating autoimmune
disease, an anti-AIDS agent, an agent for'treating
inflammatory bowel disease/syndrome, an -agent for
treating anorexia nerveosa, an anti-osteoporosis agent
and/or an anti-obesity agent.

17. Use of a compound as claimed in claim 1 for the manufacture of a
medicament for the treatment of diabetes, insulin resistance, hyperglycemia,
hyperisulinemia, or elevated blood levels of free fatty acids or glycerol, obesity,
Syndrome X, dysmetabolic syndrome, diabetic complications, hypertriglyceridemia,

hyperinsulinemia, atherosclerosis, impaired glucose homeostasis, impaired glucose
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tolerance, infertility, polycystic ovary syndrome, growth disorders, frailty, arthritis,
allograft rejection in transplantation, autoimmune diseases, AIDS, intestinal diseases,
inflammatory bowel syndrome, nervosa, osteoporosis, or an immunomodulatory

disease or a chronic inflammatory bowel disease.

18. The use as claimed in claim 17, wherein said treatment of diabetes

includes type II diabetes and/or obesity.
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