;. MNOPQRSTUWKYZe3e\ bYdl hp6Tbt <CYCLOPROPYL- FUSED PYRROLI DI NE- BASED

| NHI BI TORS OF DI PEPTI DYL PEPTI DASE |V AND NETHOD 5 The present invention
rel ates to cycl opropyl -fused pyrrolidine-based inhibitors of dipeptidyl
peptidase IV (DP-9), and to a nethod for treating di abetes, especially Type
Il diabetes, as well as hyperglycem a, Syndrome X, dlabetlc conplications,
hyperinsul i nem a, obesity, 10 atherosclerosis and rel ated di seases, as wel |
as various inmunonodul atory di seases and chronic inflamratory bowel

di sease, enploying such cycl opropyl -fused pyrrolidines alone or in

conbi nati on w th anotdigeirrbype- cUdEDd PaRedl In1ageRASEMANAr BDTdRY oFy pe

therapeutic agent. TS DepeptsQyhperiddasgst Y BRpdhetiio Menbrane bound
non-cl assi cal serine amn §g;peptrggse*whrc%—fs—gﬁcaredi%n a variety of
tissues (intestine, liver, lung, kidney) as well as on circulating

T-1 ynmphocyt €s (wher e Thkepeaggme inge20idknowiagss G 26Flopropwl1fasponsi bl e
for the net abol;sﬁrelleayagebacgecp%h@bﬂ&@degea%taepulp@al(d@lse 1(7-36),

gl ucagon) in VIV denons ed protepl yti cilivit a

variety of ot hefP Bflagé ekhﬂ%”gﬁfﬁriaQV%bCEfﬁ %? éépfg f;ﬁy1(7 36)
is a 29 anino- eRﬂRf ﬁépﬁ#d@ﬁ?ﬁﬁw @édw%%ﬂ|ﬁ§sP¥P?%ﬁﬁﬁQ§FF6naﬁyﬁﬂﬁ9@és§rng of
progl ucagon in di@esiel bompl sitibas, Aiekiis3bindrds, mibésjdye actions in

vivo includjng éa%r%ts'cﬁgkaéisoran%f rg?a%ia @ues%@g' W wéplla{yﬂlvfamge of

gl ucagon secret] on, Eronn ion o satlet and E? sl ow ng gastrlc
enpt yi ng. BasedeWriOf“de 35901 Fgrearehrivd 2 roRife 14 PEPRE G éerbe (7- 36)
are expect ed t olize=dsenebingl@tinon sthe qraventpph- usgdt pretaedtingd type | |
di abetes and poigsd %&|Yn0£5ﬁﬂﬂﬁﬁt1&9vﬁﬁﬂpghbtheﬂ-typetbhﬁldﬂéﬂeﬁhc

exogenous. admnlstratlgzar ?égéi %& q%ﬁg%g % i nfusion) in diabetic
e

patients has dembrist Ffa Icac populatlon
Unfortunately GLP-1(7-36) is degraded rapldly |n vivo and 5 has been shown
to have a short hal f-OdpfeptidyVipeptitds@=IV SDPA) . i Baseegmbname dtowady of

genetically br %;Ppﬁa@l&fes@mleogmiﬁba@p\éeﬁaayé whqcﬁt yg'ﬁﬁca\&‘eﬁh gel ective
DP-4 inhibitors, DP-4 been sh

g ngﬁx de?# ng enzynme of
GLP-1(7-36) in %l‘ﬁfleéEPoi(ﬁiﬁﬁffslélﬂffﬁﬁiﬂﬁad 4D g HIE¥ NPy to
GLP-1(9-36), whigh has obeehrepedihat Bdl ymphacyteas %quﬁ?sthﬁcﬁﬂﬁiﬂﬁ amt agoni st
to GLP-1(7-36) . delH‘ﬁes' @bL@e)tl o +0f s DR£bdni i ¥iL¥ Of &haukdmpeoiteiticat e

endogenous Ievel V g QA P1(7: 36 %”Q?‘?é%o%[’%“%ﬁti%’éﬁhhﬁnlw Cﬁts ant agonl st

GLP-1(9-36) and“tHUS serve bet1 c_ condi'ti on.
accor dance mnth9¥¢ﬁ?q%ﬁéséﬂtV4Yﬂu§ﬁﬁlBﬁs WRANSHF BT PFGEBALHYYT ol i d|ne based

conmpounds are pﬁ@nm«hﬂ? whhthst rhivhiri e OP-of antehavepttidess{GHRI,UNEY20 | R3 R2
Rl ~ x HN-~~N Gﬂ% 7 e Ry 4}g§dwhere|n xis Oor 1 andyis Oor 1
(provided that x = T wheny =0 and 25 x =0 wheny =1) ; nis 0 or 1; X
is H R, R%, R3 and R are the same or dlfferent and are |nd%£endently
sel ected fromH, al kydLP-al{ReB§] ,imlekZAysmiBo-agydl petidde deyeyemlyl al kyl ,
bi cycl oal kyl, ;lsb%'«i?tl Rakkyti ol kyreyeb oai ke, phygragahkyh, the small
hydr oxyal kyl cycl oal yI hy I I X ey6! oal kyl
hydroxytrlcycloaT%£$:rﬁlc 9%%;? %a? ﬁ%y ‘PQ¥§?§|%9?k F °
aryl al kyl t hi oal k§Fludiypg| & Pk%ﬁﬁﬂ“laéﬂ9p O%H%ﬂSE§F“ et 68Pyl
heterparylaB&yI;nmyﬁhﬁhetefo@hkwboandecyﬂhmhetEheahkyhahhqufall optionally
substituted through avai,hablg cArReRgat Pt R diptRring. 4B8ed o&r OUPS
its physiological profile, the actions ¢f GLP-1(7-36) are
expected to be beneficial in the prevention and treatment
of type II diabetes and potentially obesity. To support




5 selected from hydrogen, halo,. alkyl, polyhal oal kyl, al koxy, hal oal koxy,
pol yhal oal koxy) al koxycar bonyl, al kenyl, al kynyl, cycloalkyl

cycl oal kyl al kyl, pol ycycl oal kyl , heteroarylanlno aryl am no,

cycl ohet eroal kyl , cycl ohet eroal kyl al kyl , hydroxy, 10 hydroxyal kyl, nitro,

cyano) am no, substituted am no, aIkyIanino, di al kyl am no, thiol,

al kyl t hi o) al kyl carbonyl, acyl) al koxycarbonyl, am nocarbonyl,

al kynyl am nocar bonyl , al kyl am nocar bonyl , al kenyl am nocar bonyl ,

al kyl car bonyl oxy) 15 al kyl car bonyl ami no, aryl car bonyl ani no,

al kyl sul f onyl am no, al kyl am nocar bonyl am no, al koxycar bonyl am no,

al kyl sul fonyl, anifosidifonykogaldagl sghinipHratsah fohdikedd (6r3&®ul f onyl ; and

R and R may OPE&&!EﬂJd&Sb§n£@§gyﬁ}tQge@{gﬂéthg 29 fa1dm heERSR ) n- where mis

2to 6, and RS and R sanme or i fferen e endentl
sel ect ed fron1h98??ﬁﬁfrﬁﬁﬁﬁo§§fl &rdno; lslpﬁ% Enéiﬁggﬁl%tagﬁ y Y

cycl oal kyl, cycPogbkidraiteyl) Gl GaPkenys deanrypeda?%ﬂlﬂlp(yﬁn WétOeraBSrw
het er oar yl aI kyl hasysdahehewpat K\Have2d badbg, hanifrd)fesubstvivat ed am no,
cycl ohet er oal kyl gkyé/ll) Sa}ngxbcar% @él ggn Qostu% yggaégqgg})ilcgmpoored DP-

alkoxycarbonyla aryloxycar ) xggarbon % g Ioﬁ%carbonyl
or alkylanlnocaﬁbﬁﬂym%ﬁﬁ Red BR B éﬂ& ﬁ? tPohaE M Be% en
toget her to forme- QCRi}'Fia))lI?ermhew%"ﬁlphlas Pedrn S@lowan‘do e ah¢ Ralegde t he same

or different anqe F&ad %%Qﬂg%ém@hwim fihomi iy dr @ue-1ah keay iscyano, H

al kyl, al ke al IoaI lL.a l2c\CY hgﬁyl aryl,
aryl al kyl , Hﬁt eFSﬁF%‘i}gA Rt é%og %ﬁ( PH% ' % t(ﬁalrf% :ﬁg %kgglll am no,
substi t ut ed an1h@encymﬂqﬂi@¢@d0h¢kvﬁaﬁﬁyP PQN%&ﬂlégF%%hY¥5ﬁﬁﬁ6ls to

aryl carbonyl anm mep-alkoxgscar bpay) aminie;tasy | X pear bomytiamw sbould 3 4

| k bonyl A0at Odn |
al koxycar ?gyet ﬁ,%gxl(,%%’tcea *?ﬁgglmo‘%f ﬁlvféxgaéﬁ raﬁ@aﬁl?@nyé)ary B0at On Rt Onal |y

orma red rin
containing a totfélrmé'FlGZ‘t AtReRrAAGAE SBY egt:(tgeg6 ro‘.r'Tcn{Tlt\“ll %0, ® %rv%dco or SOz;
(H_I~" ) or 16ptizeraibyatR] taieddR8betOigetchadimiarn R forma 4 to 10 8 menber ed
cycl ohet eroal kyl ring wherein the cycloheteroalkyl ring has an optional
aryl ring fused thereto or_ an op t|on ggnq | oal kyl ring
fused thereto; with thg ?ﬁ?ﬁﬁQ58 Fha& é%e 8§;s %§Sﬂt£%? nis o and one
of RL and RZ~i s GMcandremel grses P%r%ﬂﬂé?Pnef?ﬁﬁ?qQ§°F8mﬁFﬁbFthan 1S pyri dyl
or substituted poivelybd anidn Aahusingephasnddeuts chkl ytactepeabl e salts
t her eof , angzprodrug gsters thereof, and all stereoisonmers thereof. Thus,
t he conpounds of formila I of the |nvent|on |ncI de the foll ow ng

structures 20 ARl RZ A1 NN H A~ X Z Rlol NHn A- O X 30
According to alternative enbodlnent nay i ncl ude a CN group.
These enbodi nents are al so descrlbg n N u &§e not considered to form

part of the invention of

wherein x is 0 or 1 and y is 0 or 1 (provided that

1 when y = 0 and
25

X
X 0 when y = 1);
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, cycloalkylalkyl, bicycloalkyl, tricycloalkyl,
alkylcycloalkyl, hydroxyalkyl, hydroxyalkylcycloalkyl,
hydroxycycloalkyl, hydroxybicycloalkyl,
hydroxytricycloalkyl, bicycloalkylalkyl, alkylthiocalkyl,



4A this divisional application. In addition, in accordance with the
present invention, a nmethod is provided for treating diabetes, especially
Type Il diabetes, as well as inpaired glucose honeostasis, inpaired 5

gl ucose tolerance, infertility, polycystic ovary syndrome, growh

di sorders, frailty, arthritis, allograft rejection in transplantation,
aut oi mune di seases (such as scl erodernma and mul tiple sclerosis), various
i mrunonmodul atory di seases (such as |upus erythematosis or psoriasis), AlDS,

intestinal diseg l(@ggﬂlgglkrﬁcr g%y,gyg(e%%eré;};ls,, aFhekavi | 1 us inclusion
di sease or celia I Séa

chenot her apy- i nﬁ%%%f&%rﬁies???ﬁ;ﬁoaﬁﬁil%l P’SEV\@ roegé’agg(ﬁry anor exi a
nervosa, osteopoyolitetesyatikore kX1, dy%hﬂﬁb@hﬁélgﬁ@ﬁéh’éﬂtﬁﬁ dheemreh
conpl i cati ons, QN&JPHHEUEEB}%H atoRBesitly 1 abhes psclar esysodnd rel at ed

di seases, ass wel I |d):‘f I am’rg}&ro\éegomgélolo aqugasiﬂ% lﬂogfk ohn' s di sease

and ul cerati ve co]r a fherapeu ectl am)unt of a
conpound of str%‘f‘?ﬁye aé%’r]&%‘}i nEPbYEal ‘[ﬁikﬁ’j‘yrs YRREP "e\rr1 to a human
patient in needablteﬁyrleabnrepmyl Theycdoatktl onycldatedsdsyland mal adi es

col l ectively' |3, rafagnees, tﬂét@%oa%‘ﬂ&iﬁﬁ@ Kr PimJM%t abolic Syndrone are
detailed in Johanns on J f (er g %nol [27-734 (1997). In
Yt h&Yyr888

addi tion, in acE¥f ‘?rcfa\‘}\]/"é’n?l o hyar?ﬁ%’d i s provided
for treating0di hbétwadMlZOnx@tcat cuatd s ATEES | aSURRIFtHEEdaBBiAe and
herei nafter as g@j{ﬁ@ﬁn@nydﬁmﬂ&nﬁhbertldicﬂeasezkgltaﬁﬁs nment i oned above,

wherein a theragﬂét caarlbloﬁngf%ic#ﬂ V%lﬂﬁ? bg%‘ 3 C&F@l&&%&b@g}zf)f a conpound

of structure | one of her_types ant i di abetic
agents) 25 (whi éﬁkW%n@ﬁﬁFw télf‘?’%%‘?“iﬂcéﬁ PRE and related diseases)
and/ or one, twoadketyrednoranpereylot hékylgpdmngflokher apeutic agents) is

admi ni st er eqst 0B PUBBRAGE LRMo] @:Eegrmnﬁraeawent The term "di abet es

and rel ated di seases e | diabetes,
i mpai red gl ucosé‘lf%]r%‘f]afr‘i’é‘é{aaﬂb%%i £, ammoqar%%ﬁ%ﬁ ]

}é/ ndr one X,
dysnet abol i c syﬁdkema@%éﬁmtn%orﬁiﬂw ﬁ‘tﬂr’?ﬁ@’l d?@hﬁ%ﬁ&PP@fl syndrome, and
hyperi nsul i nem ﬁlkﬂ.@umﬂﬁ}utl sustorfinadases arldongladi es col l ectively 35

referred to as "di abetl onpki.ga neh ude.d etipgpatdntLnereruropat hy and.
nephr opat hy) and ot hef™ nﬁmg}?%oﬁp{"éggc%tolﬁs 099 agﬁgt es éﬂ% © The term

"ot her typesf offotrﬁe’l’é%ﬁt)lmc Wk & 1§52 erfpl®oy @ r 8P lf’e?e?s %% one or
nore anti di abet isamagentdi fifetrket amhrerBPAndeparsiensiy efladctedufaem), one or

mor e anti - obesi ty,4agep! SR/ oaeyzgnﬁ of, BOKgL | inkenpndwiadyingy, 5 agent s

(1 ncl uding antl-athero | er oS é’ n€ or r i¢ infertility
agents, one or A¥FECAYEHts F6 ° 1?: of élost|S%(e:g§5:\£/)arap£l}r ﬁndro one or
nore agents for arvéalkny @e@ﬂﬁhaﬁybor}@éﬁ@a no?%c%ﬁ? f"§°? Yreating

frailty, onegsor ymee agad,s siBetifeaid p@idd, acmdiphemxoamwleﬂknbre agent s
for preventing a'15<°9rQréocfmﬂa%%bonafancta&ﬁeﬁﬁm%t' on, one or nore agents

for treating aut® or more anti-Al DS agents) one or nore
ant i - 0st eopor 0sid kAFERREYOHREMSRC Ny RFERPEPIB A FBAt i ng | rmunonodul at ory
di seases, one oralkbxpoarb@agant srfbexyaeagdbthny, cdronic i nfl ammatory bowel

di sease or syndrgl gggﬂggar@gg Qkm{RY, e 2Yantsdf of rafeapt NghaaANgr Bxi a

nervosa. The term *[] duI at 58S nploye ereipr S to
agents whi ch?Y ov%‘tkeEDEO%"ﬁ [%%%“ HI ana"?l % ok PES Pyc%ﬁclgcis

wer “tri
and/ or | ower t otaald thﬂr@sttéﬁoﬁiawd#roﬁléfﬁ@ntkﬁ&@na’ﬁ% ﬁge’? Y
therapeutical | y dd1eatkagetdmpingadbsp) dekexyl nedre, ahovelmﬂt hedseoflt he

t th d of .st oc
'erV.eQ Itgnt he antiiPRESt i & C1503&?49%;”%}{4?]10‘@1%1?&1&@|c9¥§61a11£bn%1vvelagpi

pe. tther apeut en dependi ng
upon its node ofa%éﬂﬁﬁoﬁ)e%rpﬁﬁlt H@%ﬁ@éﬂ?ﬂ?ﬁ abSﬁ‘fi‘%l%% % gbout
500: 1, pref eyaablpyaifc, oamakoutsubstitutel alvdud, wﬁclbhenrﬁr@a}dﬂéfaéﬂ(aiﬂ)by from
about 0.2:1 to ef Qm}gunds of fornmula I wherein
R is Hor alk %Q%tlcﬁgb#yf’ﬁquﬁﬁ, gﬁ(’:ﬁ%ﬁﬁg C cI oaI kyl, tricycl oal kyl,
al kyl cycl oal kyl aWSi‘yla‘P‘kKlllamlﬁ?dr%& &P B%X]lfxrl ®hydr oxycycl oal kyl ,
hydr oxybi cycl oaI kyl) or hydroxyal kyl cycl oaI kyl , R' is Hor 35 alkyl, nis
0, Xis CN xisOor 1andyis Oor 1._.-36



Most preferred are preferred conpounds of forrmula | as described above

where Xis ~ _~~ , and/or wherein the fused cycl opropyl group is
identified as.5 Thus, preferred conpounds of formula | of the invention
will include the noiety: 10 or 15 p.) -iy 6 ~ww S 15 SS2v

[ 15, 2(2S),3S,SS] wherein R is alkyl, cycloal kyl, bicycloal kyl,
tricycloal kyl, al kyl cycl oal kyl, hydroxyal kyl, 20 hydroxycycl oal kyl ,

hydr oxyal kyl cycl oal kyl , hydroxybi cycl oal kyl or hydroxytricycloal kyl; x , I
IN y) YL YCNNn ~N-~Y IX~Xx (J ~N~~YCOCN Particularly preferred are
the foll ow ng conpounds: 10g "~HB) RL. 56 ~ /N3 HzZN~ S Z Ro//H IO
[ 18, 2S, 3(25),55] wherein Rl is al kyl, cycloal kyl, bicycloal kyl,
tricycl oal kyl, hydroxybicycl oal kyl, hydrokytricycl oal kyl, al kyl cycl oal kyl ,
hydr oxyal kyl , hydroxycycl oal kyl or hydroxyal kyl cycl oal kyl as well as the
following: CN F NN2 O

alkoxycarbonyl, aryloxycarbonyl, or
alkylaminocarbonylamino, cr optionally R' and R’ together
l
(W""‘ﬁff)
5 with Rt form a 5 to 7 membered ring containing a total
of 2 to 4 hetercatoms selected from N, C, 3, SC, or 350;;
!
(“‘*"\er)ﬁ )
or optionally R' and R’ together with R form a 4 to
10 8 membered cyclohetercalkyl ring wherein the cyclocheterocalkyl
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, v is ¢, n is o and cne
of R' and R is H and the cther is alkyl, then R® is other than
15 pyridyl or substituted pyridyl;
and including pharmaceuticélly acceptable salts therecf,
and prodrug esters therecof, and all sterecisomers thereof.
Thus, the compounds of formula I of the invention include

the following structures

20 IA
_ T’ rRZ R
N ' N
-~
A Tﬁn)k[(
R o} X
25 iB T: & =
N H
-~
Y
r! ] x .
30

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



HNNONCHOHNNOOCNON ~y Ho "CN HOH- HZN ONC F HN N O NC HZN N
OCN, HOHNNO NC and 15 Conmpounds of the structure |I may be generated
by the nethods as shown in the follow ng reaction schenmes and the
description thereof. Referring to Reaction Schene 1, compound 1, where PGL
is a conmon am ne protecting group such as Boc, Cbz, 20 or FMOC and X1 is H
or COzR9 as set out below, may be generated by nethods as descri bed herein
or inthe literature (for exanple see Sagnard et al, Tet-Lett., 1995, 36,
pp. 319S-3152, Tverezovsky et al, Tetrahedron, - 8 1997, 53, pp.

| 9773- 14792, Hanessian et al, Bioorg. Med. Chem Lett., 1998, 8,

2123-2128). Renoval of the PGL group by conventional nethods (e. g. (1) TFA
or HCl when PGL is Boc, or (2) Hz/Pd/C, -4MBl when PGL is Cbz, or (3) 5
E.tzNH when PGl is (FMOC) affords the free amne 2. Amne 2 may be coupl ed
to various protected am nq acids such as 3 (where P& can be any of the PG
protecting gr6Upd)  UsT iy st NG THeDt i de coupl ing conditions (e. g.
EDAC/ HOAT, i - BUCOO@CATEA, cnPy Bopi Nviiat@ afforithet heeddhtcanrespendi ng

di peptide 4. val. .o i he .ect] rQup . i npound | a
of the invent#ﬁ)%%"?D é?eg?éﬁﬁe?Ehghépégiggvgggggfgiéﬁgg%l%aﬁ%ﬁggggE?s al kyl
or aral kyl greupEeich?agehbtdhylimveiigd sluchift yrerepytasgspelimpliyedt he ester
may be hydrsol yzeehsendere anval i aintrof 1 6aNdpti QNS dvexapphi el h aqueous
NaOH in a suitabl golwggt sugh,%s met hano|, THF, or dioxane, to. provide
the acid 5. CORVErSPORCTI Ehe HEitdY gritfB i bt T'hé *pry ity “8aFBoRant de,

af fordi ng 6, neyndpeaetitcichedalipiactnyatisens2) Ghch hes acldrgicoup 4@l (.

enpl oyi ng i - BuOCOCLl/ TEA or EDAC) followed by treatnent with NH3 or an
ammoni a equi valent in a solvent such as di oxane, ether, or nethanol. The
am de functionality may be converted to the nitrile group by a variety of
standard conditions (e. g. 25 POC |/ pyridine/imdazole or cyanuric

chl oride/ DMF or trifluoroacetic anhydride, THF, pyridine) to give 7.
Finally, renoval of the PGZ protecting group simlar to above provides
compound of the invention Ib. In a different sequence (Schene 2), conpound
1 30 where X1 is COZRO may be saponified to the acid and subsequently

am dat ed as descri bed above to give am de 8. Renoval of the PGL group

foll owed by peptide coupling to 3 affords conpound 6) an internediate in
the synthesis of Ib. 35 Alternately, the carboxam de group in 8 may be
converted to the nitrile as descri bed above to give conpound 9.
Deprotection of PGL affords 10 which may be _ g _  subject to standard
pepti de coupling conditions to afford 7, an internediate in the synthesis
of I'b. Compound 10 may al so be generated by oxidation of the amne 2 (e. g.
NCS} followed by hydrolysis and subsequent cyanide 5 treatnent. Conpound 10
may be obtained as a m xture of stereoisonmers or a single

i somer/ di ast ereoner which may be epinerized (enploying conventional
procedures) to afford a m xture of stereoisoners: 10 Schene 1



1). ,NYl Iy PG/ x' X = H CO=RaHNYl lyi x' RBR | R~N-CH IN 3 PGy
Obt " R'" (I. RRRW-N-Ir P.G l~o~f ~x'' aax' =co,R-GX=H1 R3 I
)a' Rs N-N~I Iy I~~fHOlat  RZ( h-=~ Rz 1 1.~RRNN-Iy a R-RN-NYI

ly f PGs INO COyH PG- 'NO CONHz 6 RECRI~ 1 ), ~ R—~N~NY( |y PG INO CN 7

C6 1R/ .( hR\HII NI OCNIb a. PG- =Boc, TFA or HCl; PG- = Cbz,
HzlI PdI C or TMBI; P& = FMOC, EtzNH b. EDAC, HOBT, DMF ar i-BuOCOCU TF, A or
PyBOp, NMMc. P& = PG, (see conditions for a) d. LiOH or NaOH MeCH or

THFI HO or - di oKanes gye o BUECEIL) W06, EBURIRGHERA fo:EDAG 0100 NS 1 1
I oXxane or ty . . veiraine, . 1mdazol e oL [yanu oride, DWVF or
TFAA, THF, pyri?%‘ﬁ%%.a"l 1B cbELE NP BoPLal YA Aok

intestinal diseases (such as necrotizing enteritis,
microvillus inclusion disease or celiac disesase},

5 inflammatory bowel syndrome, chemotherapy-induced
intestinal mucosal atrophy or injury, anorexia nervosa,
osteoporosis, Syndrome X, dysmetabolic syndrome, diabetic
complications, hyperinsulinemia, obesity, athercsclercsis
and related diseaées, as well as inflammatory bowel

10 disease({such as Crohn's disease and ulcerative colitis),
wherein a therapeutically effective amount of a compound
of structure I {(which inhibits DP 4) is administered to a
human patient in need of treatment.

The conditions, diseases, and maladies collectively

15 referenced to as “Syndrome X” or Metabelic Syndrome are
detailed in Johannsson J. (lin. Endocrincl. Metab., B2,
727-734 (1997).

In addition, in accordance 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 therapeutically effective amount cof a
combination of a compound of structure I and one, two,
three or more of other types of antidiabetic agent(s)

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

The term “diabetes and related diseases” refers to

30 Type II diabetes, Type 1 diabetes, impaired glucose
tolerance, cbesity, 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.



1520 f Is~a, b ( 1.~ PGHYl h~iN(1lyt PGt COZRa $ CONHZ a Iw 1 )a~
PG NL'f ly ~HN~ 1y g C~"N10 CN(ix HN~l Iy 2 ¢c 6---1 Ib RR | Rz~N~-CH
~i PG O3 d. peptide coupling conditio~a R=1 | R~ N7. .CHv~-&Z~~g _ T~

Ib d. peptide coupling condnions a. LiOH or NaCH in MeOH or THFMyO or '
di oxane b. i-BuOCOCY NWM or i-BuOCOCI I TFJ1 or EDAC, then NHS in di oxane or

Et zO c. PG- =Bac, TFA or HCl; PG~ = Cbz, HzIPdIC or TMSI; PG = FMOC, EttNH
d. EDAC, HOST, DWVF or i-BuOCCClI/ TEA or PyBOp, NWe. POCly pyridine,

i m dazol e or cyanuri CTBQ'%z‘nﬂeot% t}&{é @) bf‘ect{@%%ﬁucp a%j@n'ﬂg" agi ds such
asRaRZRt~NXO—|PGT~ZRzF} trfglbecouled tg%% he free am ne of
RY® a bet

8, or 10 to gi VEHREEPFESILAE] F&S Rhi TH e 887D t he
pan no aci d der{atdtervesanfDRéopbihit ¢z of Ifbrffﬂdlal AW ngne her wre chemistry.

Unl ess ot hervvi saaaﬂln@b@aleﬂ,agtemst esma/d:0wRe 8t kydre, 11pl&hoduakeiakk” as
enpl oyed her agfen‘%@e %cf\?dbll%ﬁr EnE’I—Qﬂ%%%El%F%L% f QSLH%FS al%l% h,.straight

and branche rocar contalnin ons, ref erably 1
to 10 car bons ?ﬁﬂ@rpF‘@¥%erﬂe§¥til%6YSa%l§on§ne|Cﬁ-’ fREENRIIRAS ERRI n, such as

methyl, ethyl, tpreamihg bsbhynemyik, obatylsyntirbue ylond sobutyed ageentyl, hexyl,
I SOhexyl hept Yor Qrgagiﬂgtéwwgﬁn&i’éor(ﬂﬁtsyl Q)ng o gnotr@ Hﬁérlﬂyé HRent yl nonyl ,

decyl, undecyl dodec ajn isoners

thereof, and theFa3t I%Eé-‘{I Erwﬁ%agn‘éu%ﬁv“&{r'&ﬁgge’i‘%%r}f?& gﬁeitﬂg 4 substituents
such as hal ¥ farthaiadpl eore oy mos agentsofoTASrevainkyhy allawepftaryl

aryl oxy, aryl (afefect@bndidrydansalyheddddn, dnaryt aldegl agyntaldeenyl ,

cvel oal 1. eyl oAl ke selilal oo, g, gy

hydr oxyal kyI acy t er oar het'er oar yl oxy heteroar
het er oaryl al kox%ﬁenz}'rsyl BR‘EIa?II(WOfeaPR%T‘Pﬁt(?OPaFWJa? I@yglef‘ﬁ?o oG 3?1%5?95? yl)
al kyl ami do, al kegeysafionogrekl iagy boawiommduaat ooy dliskerees cyero ort hi ol

hal oal kyl, tyi h@é&alabghtgnpélorcr@glsyﬁé 'Hl‘&on'sé@'ﬁﬁﬁl&%d&%& Sovddi cat ed, the
term' cycl oal kyl ! al one or Jart not her group

e udessat ur SHAFIGE. Por SR Rad T aPesOF Bod Bigengt 1A

treating anorexia nervosa.
The term “lipid-modulating” agent as employed
herein refers to agents which lewer LDL and/or raise HDL

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

In the above methods of the invention, the
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,
triecycloalkyl, alkylcycloalkyl, hydroxyalkyl,
hydroxytricycloalkyl, hydroxycyclealkyl,
hydroxybicycloalkyl, or hydroxyalkylecycloalkyl, R?* is H or

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



15 or 2 doubl e bonds) cyclic hydrocarbon groups containing 1 to 3 rings,

i ncl udi ng nonocyclic al kyl, bicyclic alkyl (or bicycloalkyl) and tricyclic
al kyl (tricycloalkyl), containing a total of 3 to 20 carbons form ng the
ring, preferably 3 to 10 carbons, form ng the ring and which 20 may be
fused to 1 or 2 aromatic rings as described for aryl, which includes

cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cycl odecyl and cycl ododecyl, cycl ohexenyl, adamantyl, ,. ; 6 =~y Cp. ( i]
G) f, 77 any of whi glb<@r gubse s BeeOptéanalday cemhisiddsubedsitiizl to 4
substituents such as hal ogen, al kyl, al koxy, 430 hydroxy, aryl, aryl oxy,
aryl al kyl , cycloal kyl, hydroxyal kyl., _al kyl angdo,,. aldégnoyl am no, oxo, acyl,
aryl car bonyl ani'n8® %&ﬁ?ﬁ££e9i?g%fe(ﬁ%§ﬁ8,§tfﬁ(ﬂ éﬁﬁ/o%garkylthio and/ or any
of the substituents fad/girkyhereimzhe fyped (GedrpEgrt batkenyle as enpl oyed
herein al one or as part of fq?'her group refers to cyclic hydrocarbons
containing 3 thé3t§fq$§”E§1 pfeferably 5 to 10 carbons and 1 or 2 double
bonds. ExenBIary cycl oa keqyl roups 5. include c clopenten¥l,-

cycl ohexenyP, cyclohgb?%hf1Ffégﬁ?%d¥F5WVP?5c9EI afi €A “"&nd

cycl ohept adi enyhyvenhiwh widy becbpls dbal hngistubstituted as defined for
cycl oal kyl . The term "cycl oal kyl ene" as enpl oyed herein refers 10 to a
"cycl oal kyl " group which includes fre s and thus is a |inking group
such as ' ~ and the like, and may optﬁ y be substituted as defined
above for "cycloal kyl". The term "alk )as used herein alone or as 15
part of another group refers to al ky
ot herwi se indicated, the term"lower al kggyl" 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 to 8 carbons in the nornﬁ in, which include one to six
doubl e bonds in the normal chain, such|/as %|nyl, 2-propenyl, 3-butenyl,
2-butenyl, 9-pentenyl, 3-pentenyl, 2-h y 3-hexenyl, 2-heptenyl, 25
3-heptenyl, 9-heptenyl, 3-octenyl, 3-non¢nyl, 4-decenyl, 3-undecenyl,

9- dodecenyll 9, 8,12-tetradecatrienyl, and the,like, and which may be
‘optionally substituted with 1 t@ 9 substituents, nanely, hal ogen, .
hal oal kyl, al kyl, al koxy, al kenyl, alkynyl 4 aryl, arylal kyl, cycloal kyl, 30:

am no, hydroxy, heteroaryl, cycloheter | , al kanoyl am no, al kyl am do,
aryl carbonyl -am no, nitro, cyano, thiol/=xalkylthio and/or any of the al kyl
substituents set out herein. Unless oji¥ §§ i ndicated, the term"lower 35

al kynyl™ or "al kynyl" as used herein by igself or as part of another group
refers to straight or branched chain - 138 radicals of 2 to 20 carbons,
preferably 2 to 12 carbons and nore preferably 2 to 8 carbons in the nornal

chai n, which include_ong. tr.iple ho in .t n ' .

o o opynyl 3 bt ynyF - oA BOGEsatd AEp AT Boa 0By MHPRTs:
3-hexynyl, 2-heptynyl, 3-heptynyl, 9-heptynyl
9-decynyl , 3-undecynyl, 9-dodecynyl and theyli
optionally substituted with 1 to ® subg@it@é
hal oal kyl , al kyl, al koxy, al kenyl, al kynyl, , 10 aryl al kyl, cycl oal kyl,
am no, heteroaryl, cycloheteroalkylHN kanoyl am no, al kyl am do,
aryl carbonyl am no, nitro, cyano, t hi2l ,% dhdro al kyl thi o, and/or any of the
al kyl substituents set out herein. The terns caryl al kenyl" and

“arylalkynyl" as used 15 al one or as, pakk) ofs,arqther group refer to al kenyl
and al kynyl groups as described above having.an aryl. sybstituent. Were

al kyl groups a§HﬁéFFﬂé% éﬁoﬁgkghvéw§$ﬂ§ﬁ@”20b65ﬁaggél5Hattachnent to other
groups at two dirfitgpreedlicdrbehkataysloatlhey, aredrnoxyablylal kyl ene" groups and
may opti Onaazl(}:cy r@g@g?@%id&%&%ﬁsmﬂfxfdmdk@b@y@ld‘algpqial k)él ". \Were alt _ken?/l
groups as defined above a n roups, as [ above, respectively,
have single boﬁggrggy?%ﬁyc O?E%H%é% FEFQ t%h?#giggggg%hrbon atons, they are
termed "al kenyl ene groups” and "al kynyl ene groups"”, respectively, and nmay
optionally be substituted as defined above for "al kenyl" and "al kynyl". The
term "hal ogen" or "hal 0" as used herein a ane 30 or as part of another

group refers to chlorine, bromne, fluorine, and iodine as well as CF3,

with chlorine or fluorine being preferred.

w
~g namel y, hal ogen,



The term"netal ion" refers to alkali metal ions such as sodium potassium
or lithiumand alkaline earth 35 netal ions such as magnesi um and cal ci um
as well 'as zinc and alum num - 14 Onl ess otherwi se indicated, the term
"aryl" as enployed herein alone 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 1-naphthyl and
2-naphthyl) and nay optionally include one to three additional rings fused
to a carbocyclic ring or a heterocyclic ring (§ugh as aryl, cycloal kyl,
het eroaryl or cycloheteroal kyl rings fat exanp 0 .~. ( <. . and may be
optionally substituted through avail abl carpoﬁ‘! onB mnth 1, 2, or 3
groups sel ected from hydrogen, hal o, hé?ﬂﬁkg b R KY| hanaIkyI al koxy,
| S hal oal koxy, al kenyl, trlfluoronet%& rifRuoronet hoxy, aIkynyI, '
cycl oal kyl al kyl , cycl ohet eroal kyl, cycl oHet er @al kyl al kyl, aryl, heteroaryl,
aryl al kyl, aryl oxy, aryl oxyal kyl) amybalkoz&m,%mylthio arylazo,
heteroarylalkyhmeggggrgﬁ %ngg fyk?cQS%f%R?r¥hQ 5§¥¥Qi 20 heteroaryl oxy,
cya

hydroxy, nitro, ereln 't he anlno i ncl udes
1 or 2 substi tJéﬁtcé’c%%}‘tﬂralhédéPiiXHlCYéEer%}‘l'ar]incSPXi"l‘r’é”dTCH@F s¥ i
conpounds nent iadnedciyal ddickydel hpidte:grskylt hhpdroxalckygl ddllosl aryl t hi o,

het er oar y1 t i 0.1 af gl bt B3 dprhoa Bk AN L NGO, 125 Bl Gt bony

aryl carbonyl, al’kyl am nocarbonyl,” aryl am nocar bonyl , alkoxycarbonyl
anlnocarbonyl al kyl car bonyl oxy, aryl carhonyl oxy, alkylcarbonylanlno
arylcarbonylanino, aryl i 5

aryl sul fonyl am no g
substituents set

al koxy", "al kox ST v qpl oy i one or as
part of another T , oy aryl
groups linked to @mn owy ; term '

"substituted am no" as enployed her ei n alone or- as part of another 10 group
refers to am no substituted with _one or two substituents, which may be the

sane or different, h as al k aryl aryl al kyl, heter |,

het er oaryl al kyl , eroé clohete | lay! al clgal kyl ,

cycl oal kyl al kyl , yl, Kyl of oal kyl .
These substit uey) fuqﬁ titut Nt b anyn groups or
substituents for et out . Halidi

io t he amgio d&substituents
may be takeﬁ)togetherﬂﬁtrathe n|t¥%gen aton1Po vitti ch t hey Afe afPdched to
form1-pyrrolidinyl, 1-piperidinyl, 1 20 azepinyl, 9-norpholinyl,

9-t hi anor phol i nyl, i perazinyl, 9-a|ky|-1-piperaziny|,

4-aryl al kyl - 1pi pe ny, 9-di aryl al kyl - 1- pi perazi nyl, 1-pyrrolidinyl,

1- pi peridinyl, or azgpinyl, optionally substituted with al kyl, al koxy,

al kyl t hi o, hal o,HNF i fif"udf omet hyl or 25 hydroxy. Unl ess ot herw se indicated,
the term "l ower alkyla hioN, alkylthio", "arylthio" or "aral kylthio" as

enpl oyed herein alone or as part of another group includes any of the above
al kyl, aral kyl or aryl groups 30 linked to a sulfur atom Unless otherw se
i ndicated, the term"lower al kylam no", "al kylam no", "arylam no", or

"aryl al kyl and no" as eamplpeyeds hef eibe akonetwore dsmparie aferametd@royyr oup

| ncl udes any Oftr‘i{‘?ﬂe%% 24 Kiflownt ¥ c 14 f%‘il%wwlﬂﬂe\élctﬁlbauy@léme@ked to a
nitrogen atom Unl ess ot erw se |ng|cat , the term"acyl" as enpl oyed

herein by itsel PO AFareSoF - RINSThEPETup, as

Referring to Reaction 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-lLett.,
1995, 36, pp. 3148-3152, Tverezovsky et al, Tetrahedron,

- B -



- 16 defined herein, refers to an organic radical linked to a q carbonyl
~ ~ ~ group; exanples of acyl groups include any of f~he=Rl groups attached
to a carbonyl, such as al kanoyl, al kenoyl, aroyl, aral kanoyl, heteroaroyl,
5 cycl oal kanoyl, cycl oheteroal kanoyl and the |ike. Unless otherw se

i ndi cated, the term"cycl oheteroal kyl" as used herein alone or as part of
anot her group refers to a 5-, 6- or 7-nenbered saturated or partially
unsaturated ring which includes 1 to 2 10 hetero atons such as nitrogen,

oxygen and/ or %f ur33 rf)kegél HQMQ’Q gt QEnle & Igg;z,gr q@g}m wher e
possi bl e, optlona s 1 , such as:
N~ O N, Nr Ehem éﬁltt' rc:199%590@r~ RﬁL Bemp‘@} fCHOIEN N O/ S

~1 NJ N, andgtrhepIm}(e:onﬂaetadﬂmllerr@ltbu@s may_; [ nm UtER Dbrt 6C4 2En

SU{JSU EUﬁnts S@l@h 83 pakkyly 1 @12/&1(/?: a@ﬁé@rwmv pef ltéﬂe:bal kMJ: substi tuents
set ou er

n additi het er oal can be fused
to a cycloa?kyF ﬂﬁ?fle“hggbﬁﬁa?évaé 2§8F§ @E? éﬁﬁyﬁm¥fﬁg
ot herw se i ndi éatey, be heupéeh thetagrigapyProtEtad emed W@rléﬁnswfbr@ or as

part of anothen gﬁﬁ%ﬂb mege&§htué and- opreier POENMEtedtah@n@idusyi Nng whi ch
i ncludes 1, 2, 3,90 é?ggﬂgrgogﬁgﬂ§ %#%Gﬁ ?ggt&p en, oxygen or
d

sul fur and sucﬁlr? %fa het roaryl or

cycloheteroalkﬁPA?(ﬁﬁﬁRmal“BUC%%QEﬁﬁﬂ%ﬁopﬁ%ﬁﬁH/NWMﬁngy? forgndhfhcl udes
possi bl e N10xi desredpmndietgedopeyt idgr aup Reyodmlopfi dmaldminiencl ude 1 to 4

substituents S??Bt@étﬂ'ﬂgy Qbubhgcs Fsbétzi&éger&to% sehaotd abexe {rwe;ﬁlllsw
Exanpl es of he Eroargl groups inc ude the foFIomﬁng o/ i 1 , I \

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
conditions, for example with aqueous NaOH in a suitable
solvent such as methanol, THF, or dioxane, to provide the
acid 5. Conversion of the acid group to the primary
carboxamide, affeording 6, may be effected by activation

20 of the acid group (e.g. employing i-BuOCOC1/TEA or EDAC)
followed by treatment with NH3 or an ammonia equivalent in
a solvent such as dioxane, ether, or methanol. The amide
functionality may be converted to the nitrile group by a
variety of standard conditions (e.g.

25 POCli/pyridine/imidazole or cyanuric chloride/DMF or
trifluorpacetic anhydride, THF, pyridine) to give 7.
Finally, removal of the PG; protecting group similar to
above provides compound of the inventien 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



10\ / N~/ ~N"7O0N/,\ t S~~J ,~0o\">N\PH, WN, ~N, ~s ~ \N
NNNNNNNNNCGCS~-, CGo~, &GN, C~, N, 15 and the like. The term
"cycl ohet eroal kyl al kyl " as used herein alone or as part of another group
refers to cycl oheteroal kyl groups as defined above |inked through a C atom
or heteroatomto a (CHZ)r chain. 20 The term "heteroaryl al kyl" or
"heteroaryl al kenyl" as used herein alone or as part of another group refers
to a heteroaryl group as defined above |inked through a C atom or
heteroatomto a - =- chai n) al kyl ene or al kenyl ene as defined above. 25
The term"poIyh%tf‘ttﬂeﬁclzylt‘D ﬁgaQﬁﬁ£? REPBI I rerersng CUfitapRy | o gridgpdas

defi ned above whi ¢in iintkodesifteoimn2the Yyntpeeierablnp.f r oamodr 30 halo

substituents, swgh aat%oFb@rg&;lera@reef era&tﬁeal%aoﬁueb @% Gheltls GF é
herein reférs to an

CF3CFZCHZ. - 18, term | yhal oal se
"al koxy" or " aI K % la‘rq%%pbjggwﬁe ian%]ds éal%veggmﬁ%‘t?rttnfﬂ"ﬁﬂje%e from2 to 9,

preferably f¥ onﬁ’?attﬁ‘eslt hafenrausst L ueht e shehained Rsop Clxtypreebdrably F,
such as 5 . CFMOl@EﬂQrQrozEléS@EZ@l—tZQsomeAl&l§§tﬁd’ﬁ@tnéenﬁtﬁﬁctpfma he
conpounds of { g idysat 2 LaVERIA0: AL S GAALETBLAL §fkocglbbEL) 1, adm xture or
in pure or subst$$t|all% gure orm The conpounds e present i nvention
can have asymetTidcanferticg 9§n§t8fe%KFQWﬁéscarbon atons including any one
or the R substituents. Consequently, conpounds of formula | can exist in
enanti onmeri ) orséHemwt @r eoneric forns or in mxtures thereof. The processes
for preparation can utilize racemates, enantiongrg or di astereoners as
starting 15 materials. \Wen1di ast er eoneri ornéh tio@meri c products are
prepared, they can be sebar t ed byaconVEh onallge hods for exanple,

chr omat ogr aphi ¢ or fraea10pa1 crystalTi §%n mwv%§+e—de5|red t he conpounds
of structure | may be 20 u¥ed in conbi nation with ohe or nore other types
of antidi abetic agents x{(empbgyed to treat di abetes and rel ated di seases)
and/ or one or nore other types of therapeutic agents which may be

adm nistered orally int e saqe dosage form in a se rate oral dosage form
or 25 by injection. Tbe By type oé antidi fld nt which may be
optionally enpl oyed i rma i on RN t he DP& H Ptor of formula | may
be 1,2,3 or nore antldﬂﬁb@tlé agents or anti hypergl ycem c agents including
i nsulin secretagogues 30 or*insulin sensitizers, dt other antidiabetic
agents preferably having a |nmechani sm of action different from DP4

i nhibition and may inglyl bi guani des, sul fonyl ureas) gl ucosidase

i nhibitors, PPAR Y agonlsf such as thiazolidinedi ones, SG.T2 inhibitors,
PPAR a/y dual 35 agoni st s, aP2 i nhi bitors, glycogen phosphoryl ase

i nhi bitors, advanced glypoeykgtlon end (A p ucts inhibitors, and/or
neglltlnldes as melhgagtm/ nsuly, n, - R gwtglucagpn i ke peptlde 1
(GLP-1) or mnetics théyr Tt lebehrevéﬁ al_t he-use ofsthe conpounds
of structure lin conbidft Pon*Wth 1, 2, 376t °nof®*other 5 antidiabetic
agents produces anti hypergbycem c results greater than that possible from
each of these nedicanents al gne and greater than the onbined additive

anti hyperglycem c effeci@ proguced by, these negi®ahgntis. The ot her
anti di abeti c agent nuytbﬁga Or al -tO—amti hypetyg| @'agent preferably a
bi guani de such as netf @g %ﬁ phenformin or sdlt reof, preferably
nmetformn HCL. Ib

a. PG, =Bog, TFA or HCI, PGy = Chz, Hy/Pd/C or TMSI; PG,y = FMOC, Et;NH b. EDAC, HOBT, DMF ar
i-BuOCOCY TEA or PyBop, NMM ¢. PG, = PG,, (see conditions for a) d. LIOH or NaOH MeCOH or THF/H;0
or dioxane e. -BuOCOCY NMM or i-BuOCOCITEA or EDAC, then NH; in dioxane or Et,0 . POCI;,
pyridine, imidazole or cyanuric chloride, DMF or TFAA, THF, pyridine.




Where the other antidiabetic agent is a biguanide, the conpounds of
structure | will be enployed in a weight 15 ratio to biguanide wthin the
range from about 0.01:|1 to about 100:1, preferably fromabout 0.1:1 to
about 5:1. The other antidiabetic agent may al so preferably be a sul fonyl
urea such as glyburide (al so known as glibenclam de)) glinepiride
(disclosed in U S. Patent No. 20 4,379,785), glipizide, gliclazide or

chl or propam de) ot her known sul fonyl ureas or other antihyperglycem c agents
whi ch act on t heAkR- dependent channel of the pcells, with glyburide and
glipizide being preferred, which may be adm nistered in the sanme or in
separate oral 25 dosage fagrnms. The conpounds of structure | wll be

enpl oyed in a weight ratfg to §he sulfeqyl ureg in the range from about
0.01:1 to about 100: 1, -preberabty=fr o apout—0-H52to—abaut 5:1. 30 The
oral antidi abetic agent w al so béﬁ%‘glucogi se i nhibitor such as
acarbose (disclosed in U S Patent No. 4{@04f? ,0r mglitol (disclosed in
U.S. Patent No. 4,639,436), which my be ad 'ﬁ?s?e;ed in the sane or in a
separate oral dosage forns. 35 T conpoundgamﬂ$°Wﬁcture | will be
enployed in a weight ratio to e glucosidase inhibitor wwthin the - 20
range from about 0.01:1 to apbut 100: 1, preferably fromabout 0.2:1 to
about 50:1. The conpounds of structure | nmpy<pe @nployed in combination

with a PPAR y agonist syghlas a5 thi | i dithedli pone oral anti-diabetic
agent or other insulin ;ﬁn(jt+ifﬁ€r(&@ﬂ‘ h had€2 8n hnsubisawsensitivity effect
in NIDDM patients) suBf ag troglitazone’(WhFONQQQWBert's Rezuliri (

[

disclosed in U S. Patenf No. 4,572, 9By, ros?g tazone (SKB)) pioglitazone
(Takeda), 10 M tsubishi's MCC- 555 (diﬁclosed in US. Patent No. 5,S94,016),
d axo-Wel | come' s G- 262570, englitazone, (CP68722, Pfizer) or darglitazone
(CP-86325, Pfizer, isaglitazone (Nlﬁhjéb), JTT-501 (JPNT/ P&U), L-B95645
(Merck), R-119702 (Sankyo/W.), NN-2344(6Dr. Reddy/NN), or 15 YM 440
(Yamanouchi), preferably rosiglitazoge and pioglitazone. The conpounds of
structure | V“|Ji'be enployEdFin a wei ght ratJo to th%mihigzolidinedione in
an armount wi t hif-jehe il eine ' BEoC: o Bafc -4 erably 20
from about O. 1:@33?&% % C&i@%ﬁ&%ﬁ%&%ﬁ&ﬁ%nﬁEﬁ?\iFéﬁledi one in
anounts of | ess than about 150 ng oral antidi abetic agent nay be
incorporateg ina single ;2blet wth the Qonpoungg of structure |I. 25 The
compounds of struct ur e may<aleersé s ettty ed3 Fhct oisitndfion with a

anti hypergl ycem ¢ agent such as insulin or with glucagon-1ike peptide-1
(@P-1) such as G.P-1(1-36) anide, GLR*1g7-86) anide, ~GLP-1(7-37) (as
disclosed in U S. Patent No. 5,614, 402M @mer, 30 di sclosure of which
is incorporated herein by reference),?orla P-1 mmc such as AC2993 or
Exendin-4 (Anylin) and LY-315902 or LY- 397167 (Lilly% and NN2211

( Novo- Nor di sk) ,ma¥hPEhCHeRL 95k W&8Hi hi stfer £de¢i 2ming &&t PorT iY%t F8n98%F) or by
transdermal or thuccakrdewmcdsg 3bidenmbiphesanthe mehferinad tot ibeskd f onyl
ureas) suchgas GlsyRULL A adlihABRLES A8 BhbBYAA 06 @l kPl Zide.wiahl erpropam de
and gliclazide and tFe Plu003|dase - 21 i nhi bitors acarbose or mglitol
or insulin (inj¥&abPE™ Ydi¥tonary, buccal, or oral) may be enployed in
formul ati ons as descridéégsabovkeraridei indimaheds ahel 9o 1goesrindicated in
tEe Ph%/si ci atr;' 5a1mglak,Re$§fﬁer©r(PDEa'; a3 WheLeydd esedlin ARIfOE BsOr saIL

t hereof nmay be e in_t ; t o about
20001y por. day i b fRgthsd Bams M=) RSl ARE1HEE Bl B R ° me 1o
four times dai 1§52 1phBYer¢edene; FHE ARiTAIof i B fedC8RBORM i - di abetic 10
agent may be enpledgedblyn Ampuntscariidrisn tcheer@raferhbom hbouts 0. 01 t o about

2000 g/ day whiChoBRy ben g AbShef Ghdif, SLAG & Hhedhyl dagtigases one fo
four times per day. Wiere present insulin may be ngl9yed in_fornul ations)
amount s and dod147§Yas ??\%ﬁ%ﬁyzd By ¥ e tI?“F’Hijl‘sijcﬁog’H' DI e erence. where
present GLP-1 peptildessogxyie hdpin stiededinetiplglenbrtcabctfdrnul ati ons) by
nasal adni nigst rati, quc ¢ {AscienapBhey i Nhakat, 08espr,ayhdety parenieyal | y as
described in U S. Patent Nos. 5, 346,701 (TheraTech), 5,614,492 and 20
5,631, 224 which are incorporated herein by reference. The other
anti di abetic agent nmay al so be a PPAR a/y dual agoni st such as AR H039242
(Astral Zeneca), GW 409544 (d axo-Wellcome), KRP297 (Kyorin Merck) as well
as those disclosed by Murakam et al, "A Novel Insulin Sensitizer



25 Acts As a Coligand for Peroxisonme Proliferation Activated Receptor Al pha
(PPAR al pha) and PPAR ganma. Effect on PPAR al pha Activation on Abnor nal

Li pid Metabolismin Liver of Zucker Fatty Rats", Diabetes 47, 1S41-1847
(1998), and in U. S, application Serial No. 30 09/664,598, filed Septenber
18, 2000, (attorney file LA29NP) the disclosure of which is incorporated
herein by reference) enploying dosages as set out therein, which conpounds
designated as preferred are preferred for use herein. 35 The other

antidi abetic agent na%o én S k i bjtor suc@ as disclosed in U S
application Seriar fi°08/ &7 iafrédlsﬁfrt 5Bet" e S006" Eattoridy file -
22 LA49NP) , @hiehll $si ek tﬂﬁoalpédlh‘eheiwgw reféersaibee terpl 0yiuny dosages
as set out hereasn. héhefebredkamﬂethe BONEOURAS Idesignat ek @s, preferred in

t he above appli he, ant.j dj i ¢c_agent mhlch

optionally eg‘pl g?& iy I n%l%%%’w%%ghat%%aﬁ in arB’l tof® f% mula | may.

be an aP2 i nhi bf ¥ﬁa¥ﬁX ﬁxas %ﬂ%ﬁﬂydsedyffPQi@S;fappﬁfQﬁ%ﬁVéﬁlEﬁknaI No. ‘

09/ 391, 053, fi | edcBepitkgibékyToxyl988inanchidrSxyappydeatiaary Serdall,No.

09/ 519, 07t9 dlg flét&@ﬂ)aM?rIiChh@tex%Q\Qngﬁ tqéwogkbﬁalLM?Np) Wh|tCE i's

i ncor porated herejn rence, a as _set out herein.

PrefePred are t %F%ﬁ? g Oﬂ%sr§H§?§8a§§ﬂpr833¥9§8-|nafﬁ a Hbovdrior

appl i cation. ThererﬁMaraht|dlepémuéoag@##aanlenlnay be IS optionally

elrrpl oyed i El@ohﬁbtﬁﬁiar%ﬂnwéﬂlﬁd]en@E’Qol n&ydgiot O:thﬂcﬁbf @ra%ag%figggzgge \6}\0
cogen phos isclosed in

567 39%85 "Ep 87@%%381%%5‘%0%}%50%%%@@9/ '43663, and U.S. Patent Nos.

5,952, 322 and 5, 998, 46511488 98PSBESF ARdiErtaholBEsteny RYSlRagkyii ni de

whi ch may opti oasldnplogednpd oyied asilnneombiarapieon of tanctherconpaund of

formula | of thﬁndzlﬂiﬁ%@t Isgeumecberrsnagtalmﬂensaatﬁag;leldm gentm\tartus) or

KAD1229 (PF | rhi, bi t f
Formila | vl Be BABIBe TH TS SoARt JRCIARE 6ot (T RES TGN T e PPAR y

agoni st, PPAR afﬁsg/ ?dtratngagonm%tudlsg_mgn@%rﬁlbﬂ af»kyJaercmnbettt@rkylor gl ycogen
phosphoryl ase i ndi itegiclvblibyn tzhe tanggfircoalapouttQ.c@tidatioyighout 100:

preferably fromahont, Qcla1 48 about 10:, c%gbtng @@qhtptgg%gagem or

| i pi d- nodul ati ng agent be opti onal in combination with

t he conpounds oPT§GaAmty P ©F % éaFH9%%t|§ﬂfmnﬁ %%m@ 303 5P npre MIP

i nhi bi tors, ZHVGOp A dduetiase 1 miri Bi aomreatn,@qmaheﬂeas;dmsnetlas@ fiarhi bi t or s,
fibric aC|d der j¥@t | V@3 kh3on AGAE! epbpééﬁgﬁyl | Lpexygarase inhibitors,

chol est er ol absor%}lontlrihlbltoorhse,x &Iec waﬁf plfe(90| o%?t ansporter

i nhi bi tors) upr &4l AOF ot IO FEESpt o PUrty, SATS citrate

| yase ||1h|b|tor§¥0%9ﬁﬁqyéten?lCxﬁﬁﬂépdﬁrhhsfQM01BP6¥%ﬁ¥f4 ﬁﬁﬁﬁfttﬁ%y bile acid
sequestrants, and/or nicotinic acid and derivatives thereof. MIP inhibitors
enpl oyed herein include MIP 5 |nh|b|tors disclosed in U S. Patent No.

5,595,872, U S ¢nt No.<§, 739, U. S. Patent No. 5,712,279, U S

Pat ent No. 5,76\ U tent S, 827 . S. Patent No. 5, 885, 983
and U. S. Applic; ( Seni . 1SO tob 20, 199B, now U. S
Pat ent No. 18 5,'96 ‘40 Pref rred ar e Yach e pr red MIP inhibitors

di sclosed in ea -~ - ents and appllcatlons. All of the above
U S Patents ann oc ( 2 incorporated herein by reference. 15 Most
preferred MIP i tor =rnloyed in accordance with the present

i nvention incIude preferred NWP inhibitors as set out in U 'S. Patent Nos.
S, 739,135 and 5,712,279, and U S. Patent No. 5,760,246 as well as

i npl i tapi de (Bagey)of 2@iThegnosts pﬁefeprqntﬂqnplﬂnh$¢§qU3ﬁ9FSd with 1
9-[4-[4- [(2(2 2¢ -4 rdtfﬂs‘é@'&@@ﬁtt@)%)claeﬁgONAlciig@nDOJaillylp,' ranosliyny! |

butyl]-N-(2 2- tr|quoroe hyl Fffluor C e 25 The
hypolrprden?c agEAT Oy 2 Séaan XébA?F% thsecfpﬁﬁﬁm?br whi ch i ncl udes,

but is not I|nlbE@kQﬁyalﬁﬁias@%ﬁﬂh@maﬁd r%ﬂ%ﬂqgilédﬁpbund§fa§cdfsclosed in
U.S. Patent No. agyﬁggﬁbbﬁglahgmasbahha (meradnolciyaho andhircgl akédoconpounds as

disclosed in U % FALEN NG/od 431 0938ne 3ulia¥ashal |1, 20di ! at ed

conpounds such as sc ose
- 12 -



U.S. Patent No. 4, 346, 227, sinvastatin and rel ated conpounds as di scl osed
in U S Patent Nos. 4,448,754 and 4, 450,171. O her HMG CoA reduct ase

i nhi bitors which may be enpl oyed herein include, but are not limted to, 5
fluvastatin, disclosed in U S. Patent No. 5;354,772, cerivastatin disclosed
in US. Patent Nos. 5,006,530 and 5,177,080,' atorvastatin disclosed in
U.S. Patent Nos. 4, 6B1, 893, 5,273,995) 5,385,929 and 5, 686, 104, atavastatin
(Ni ssan/ Sankyo's nisvastatin (NK-104)) 10 disclosed in U S. Patent No.
5,011, 930, Shionogi Astﬂﬁa/ geneq‘a visastatin (ZD- 4522 d| sclosed in U S. .
Patent No. 5,260, 440 SHlal gﬁéogy}ﬁ?r%lta & PRI BICorE SR tHEPE for use
herein i ncl udelthaf BRE IRt apphitediaogp ae phios plvorpt Bls Uyidonaeelserdi scl osed
in US. Patent cNatabn#ip, 86, 1t h@ﬁ&ndﬂﬂs$0bﬁ§ﬁ§ka@;}lyBB|{@rltetcaQCBDn:; Med.

Ch 198B, Vohg 31o, NO.qold) < PPoLR69- <
(pﬁg‘sphl o rget% d 31or NO.goL0) & PR rilcﬁf’ %§Zri‘r%:%aLr§F EJQELQQU; 00 ghel ynt het ase

h¥& ig&r%s‘gy onates as_wel | “as

i nhi bitors, “for € ]a’§edft§%¥]dsé:dcllﬁh?}?%?ylzoCP&%%IHQP Y14 871, 721 and
4,924,024 and dyrlBptteryl,ScacloNeueiisohhandet cvKlph&onplipoyl, M M, and
Pointer, C D., wBdeheniy Rhacperessdl GAlsubest Gike?asladPidkPI6)- I n addi ti on,
ot her squal ene %@%hft ase inhibitors suitable for use herein include the
terpenoid 25 py ates disclosed by P. Otiz de Mintellano et al) J.
Med. Chem, 1977, 29T e Jugup oyciprl pdienesSyss dipHoyphaberdimalrege&s and

pr esqual endOpymopbosamcalq<9$Q3ﬁo@1amgs s ldideel 08€4 dpnacorey and

Vol ante, J. Am.,Ghem S0G.. ;497 suthOds 1293) phosphi nyl phosphonat es 30
reported by MO ard, RW et 2‘9“”%8%% **1987, 109, 5544 and

cycl opropanes rWed buLKa,ctJ n, T.L. PhD di ssertati on) June, 1987, Dept.
Med. Chem U of h,, Abst ) Tabl Contets 7, 40-43, 48-51,
Sunmary. 35 Qther hypol i pi denic 53 ﬁ?g st’tﬁet ‘aBf §é°H@£JeY S ncl ude, but
are not |imtedUbstitytind @sadefinkd iabavevear W@ﬁoakkﬁénofl brate,
genfibrozil, clofibrate) terdb"alkdezali bsatiedd eepeohidraicebrchinofi brate
andthelik1 r.abugel o djin US. Patent
No. 3,674, 836 IE)’f)‘r obﬁ% nier g%@%%@#@bﬁ?ﬂ%‘%ﬁ gi‘ﬁ%‘g Bile acid
sequestrants sGERPRRY k I‘ﬂfloé@t'yr am ne, 5 col estipol and DEAE- Sephadex

(Sechol ex) Pol i cexi dedn))eszs onbétwins lingostiedsl,| thRhoeer Pdwiwenc) ) Ei sal

E- 5050 (an I\lsulasl%hyiednet"faanehﬁm rh% @%EHVﬁéﬂéﬁ) b | redd 24 o r( HOE402) )
tetrahydrol i pst atl ncflgTHLedrfb‘%tslﬁ %ny E) %{}[Oro%éhm i.ne §PC Roche),

am nocycl odext fin f‘ o u) azuf&he
derivative)? neledhasd g Suet émarbsaﬁdozr%@a@a%y Ane |3@aﬁa€991ﬁ%m d

CL- 277,082 and a@l;i 8813@ S fledaBUPST itcliBedatbaes der ikvatases)l, chbCof i ni ¢ acid,
aci pi mox, acifrg r?£%’&d§em.9 é‘@‘g!&s%'ohﬁyé'&o qn @ﬁep'r{dr'ﬂvalw

pol y(di aI |yl met hyI a rivatives suc I scl osed at ent No.

4,759, 923, quatBrhir ySUfh f¢ BaNY diAPEYPEP Ykt Hiﬂbéﬂﬁﬁﬁmurﬁ'@mtaw e) and
i onenes such ad-gestémsled I-pebtSiyRatzehexdoyl 4, B2Ex609], drtieptheyl known

serum chol est er30|hel:>9¥\ﬁ§1 ngl—%%@ééyl ZQ—EB%WPGG-ME@MDI denieceagent my be
an ACAT i nhi bitor jlalh %ﬂose in, Ery% thtrégagutunraL 24 9 15
(1999), (Avasi m B8 eceh e ABRISFHM i o GRSt 5 i 5% n t he
prevention and thegheksi cmdihaskthay fogt Pyt senaldy sHBAT I HYeswiERst

Ni col osi et al to2% Atbhefasrhesoshandi§hanadagerd,r elaloa(4998)a1ky¥37Cl), 77-85;
~~The pharnacol ggi.cal prafile. Al kbhtor with
pot ent hypol i pi gﬁt gg aé)]t]?evq}{l gi]@(’;‘%e ggézse%eﬁﬁi% L Cé%crledéglkg% of the
hepatic secPet iZg"8f %@E‘O’@ BBREERAFiMg FYPHITEEPALE Yf?m selli) G ancarl o,
30 Cardi ovasc. alkagoReanir(cl988ky1dri(db),, ai@leﬂqbd‘rﬂm #8163, i thbeavai | abl e
al kyl sul fi nyl - dgy@ggny{“gldaéqll(glé@‘fg alnlal;:bpl 19 o BRIk, et al, Bioorg.
Med. Chem Lett. % ~ACAT 1 nhi bitors: physiol ogic
mechani sms for SIW BFF‘b rbtesmsc‘f‘taﬂdt arh‘:t”iela‘t herosclerotic 35 activities in
experinental animal s"Unlessusehetwide iBdicer¢d) thRuteEsho)IRSHert R, Jr.

Hol | i nge[)I ﬁﬁnmflr dyfe, oﬂ nfallazmivcab uMedi Bé £¢ s Bt BuBysr (k995) aoawls 08, -
26 Publ i sher ca T I ntia

anti - at her oscl erfofal 8t%er ngtm“p 513 owoc skfe Al &r}hbgg,k;gg ﬁ,%&ﬁ (1994),
1(3), 204-25; 'Inhi bItOI’S of acyl - CoA.gh?};esterol 0-acyl transferase (ACAT)
as 5 hypochol esterol em c agents. 6. The first water-sol uble ACAT inhibitor
with lipid-regulating activity. Inhibitors of acyl-CoA: chol esterol

acyl transferase (ACAT). 7. Devel opnent of a series of substituted

Nphenyl - N - [ (1- phenyl cycl opentyl ) net hyl Jureas with 10 enhanced

hypochol esterolem ¢ activity", Stout et al) Chentracts: Og. Chem (1995),
8(6), 359-62, or TS-962 (Taisho Pharnaceutical Co. Ltd). The hypoli pi den c
agent may be an upregul ator of LD2 receptor activity such as MD- 700 (Tai sho
15 Phar rraceutl caI Co Lt d) and LY295427 (EI | Li l1'y). The hypolipidem c

o, . o o



20 The hypol i pidem c agent may be an ileal Na'/bile acid cotransporter

i nhi bitor such as disclosed in Drugs of the Future, 24, 425-430 (1999). The
| i pi d-nodul ati ng agent may be a chol esteryl ester transfer protein (CETP)

i nhi bitor such as Pfizer's 25 CP 529,919 (W)/ 0038722 and EP 818498) and
Pharmaci a's SC744 and SC-795. The ATP citrate |yase inhibitor which nmay be
enpl oyed in the conbination of the invention may include, for exanple,
those disclosed in U S. Patent No. 30 5,947,959. Preferred hypolipiden c
agents are pravasfiakhQ, ok ovast aki | ja ' rvastatin, fluvastatin,
cerivastatin, atavastatin f?nd il} g%ﬁ%%hgkgg%%gl%é%t }‘lgn{e% %j.rgfnﬁatents are
i ncor por at ed 35 ef8FR BYErer& EnteC ThEZhotht ' 4RE BBERRe<hempl oyed wil |
be as i ndi cat ed'iiFht hacPhysianieanr spBeddorRefier emcercandl ochdim,t Becpat ents set

outlabO\d/e_. - 27as zﬁishaepg@ymowl@ﬁtpﬁyj,olrz_mg_lugyﬁyp,f dRentpyentian will )be
.enpl oyed in atio t e hypolipidem c agen ere present),
within the rsgnﬁr%%%iéb%ﬁ%e}%ﬁg:ll okpea St 1215%%%%’6%1' eg@bﬁ%}"yﬂfim about
100: 1 to about ‘TMEEGYNB! Th Wgayadn Higrardd fmeacypgl caretdgddypyad] ust ed
according to age)odeighyl andi candiikon ol Whecipatdyest, opsismilliyas the route
of administratiomkscdesage nmapd J%b@%@temtg,h%aﬁsﬂ,re@ﬂo%%w t. The

W

dosages and fornul ations far .the olipidemc 10 agen be’ as
di scl osed in thhggi\?ﬁﬁ?(ggs Ydnt &1 'aﬁ‘glkfaﬁé i (ﬁ];@‘y(‘i" dcuRSEd above. The
dosages andl® oratinlatkphs $wrlophéybt herineypbetpidenilec agent to be enpl oyed)
\é\)ﬂer_e appl i C%le3|cﬁj,cl%bl:ef)@ala@é$ehy@ﬂ|§x3i,g a_tlﬂ_ﬁn&}'ﬁltéi‘r_&tno?diaikﬂrhrﬁ;dot, he 15 I
ysi ci ans' S ._.Far or admi_ni_strati.on sat i ory result
may be obt ai nedé&éﬁp%%g%/lg%f rrf1leml(/rl‘i?>l?]‘ﬁ itﬁytaSP'i%hléjrll’aﬁ%gﬁ?r vﬁﬁﬁ?ﬁgf’%’e range
of from about G SrgPRY o tASoat xBOCUAg taRdePrefEtaBly B§Tshrabout 0.1 ny
20 to about 100 ny, ohe terdfoUrarlilabserdai" wndA" prefaniadlorad wdesage form

such as tabjset s,18heCBPSH G tWok| 2 £OMUAI Brb0BS MR RBI B f4fyii Rngn amount of
from about 1 to]%bou to out 400 ng, and

50D ny, pr.eferabl rom about 2
nore preferabl Y T¥8 a?)’()?ﬁpr% atsodﬁf)%ﬁ’tabeé%aggbe MV i0fe? B0 6ur times daily.
For oral admi nists&iteanita satisfactory result nmay be obtai ned enpl oying an
HMG CoA reductase inhibitor, for exanple, pravastatin, |ovastatin,
simvastatin, atorvast%R¢re FkyYas¥ARh agr debirsASLarFnt3TE dds4des 30
enpl oyed as2ii ndiccatsedot natthenkbysi €4 atherDeskudiefer encedi Saeends in an
anount within the ran of fromabout 1 to0,2 n an referably from
about 4 to abou a%ff))g gngémsrhethgéfuaéf%n%erénfﬁt haé?}ggleemlgnh Blgt“gsr anr%gy% & enpl oyed
in dosages in aprtampahty e Fupsthevyethge obfinemaibyat £90 38 kg "t o about

2000 nmg and preferabl Nhéf@@l@@ﬁﬁl Podf &9 abOHe2QB8008- and 28 kynyl A
preferred oral dosage for%%ri such as tabl ets or capsules,, will oQtaln t he

S,. C
HVG CoA reduct &858 5PRnhfBi $oriNH 4R° Ko dritPEFbIY Sbouf 28 13 1P b8P 100 my,
preferably I omeabaetitadhtentalautw80dnfferantd owrrpreboe abiheyf mom about 10 5
to about 40 ny..ApuelerLad gl o0gsa0e Larma A A8 Labhats or capsul es
w [l contain the squal ene synthetase I nhibitor 1 n an afount of from about
10 to about 500FafFechietkyalfing PRYPRIGATE12E Be BSGEL2BRR MF. 10 The ot her
hypf)l i pi demi c au(@@meﬂaab@té(bzd@e"allkémx-yggaasemmlbi.t or including a
15-11i poxygenase (15L i nhi bi t,0r . iJm da j.vati as
B acl bastin we o7 1othb il MBR B BY ORIES diag”cl%’gégqg‘?{]él\{\/\’otaégﬁﬁzsls,
i sot hi azol offes &5 2@ perbsel Anethsr WO O8Y 38188y h@hisrieei AHPBL6rs as
di scl osed by Sendphiveeladd iodihenyatjan et digt ~iiRdugerbainResescl erosis in
rabbits wth a highly selective 15I i(g)oxygenase i nhi bi tor |acking
si gni fi cant antflo%irdant PpisherefesredBrit. J. Pharnacol ogy (1997) 120)
1199-1206, 20 and Cornpicelli_ et al, "15-Li e i .nhi.bition: A
Novel Therapeutic Tar gfé? b vQ%gﬁ alro gggg‘éggt%rﬁr%%?dﬁ%ﬁnégghtl cal
Desi gn) 1999, 5uchagosodien.corponty oF £LoFhipm andaadkehEnh i8S pi deni ¢
agent may b® emptayedohogeidielasi Rathesisanmaner adldasages 26e floram @inen
separate oral dgsage, foLak. taken at the sane tine.
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The conpositions described above may be administered in the dosage forns as
descri bed above in single or divided doses of one to four tinmes daily. It
30 may be advisable to start a patient on a | ow dose conbi nati on and wor k
up gradually to a high dose conbination. The preferred hypoli pi dem c agent
is pravastatin, sinvastatin, |ovastatin, atorvastatin, fluvastatin or 35
cerivastatin. The other type of therapeutic agent whi ch may be optionally
enpl oyed with the DP4 inhibitor of fornmula I - may be 1, 2, 3 or nore

of an anti-obesity ag | st a lipase
inhibitor, a sero on|Eﬁiiéé:ztﬁggﬂgﬁilpgggage e |nhﬁg%§e§ggﬂ yroid
c

receptar beta drBgoYs g Psaﬁg¥6r°%??ﬁfbﬁr5?%%Wdr8§?6%t|on
upregul at or. THe benacycbidr endr gi cy@genirsbmathi « ly reays becraptinanal €y enpl oyed
in combi nation t4 tth aaessmoURdtpé fﬁH b@tloﬁﬁwéd%% Ad é&

(Takeda/ Dai ni p 50 rck ¥ z or other known
beta 3 10 agon?‘%@’“@zd.’f%&ﬁ fdaprdhny ot r{k%‘g’mé g LAY 5 770, 615,
5,491, 134, 5, 77843324y 3510488806@19 ttHrAQQWFtlETFBQ) BEBISAESEP3B1648

bei ng preferre@.cﬁheoty@nseIunblbr&omewh&ehymny:bﬁn@pté@ﬂabbyaeypjoyed in
conbi nation wt u | t or ATL-962

(Al zyme), mntcﬂg?P?SFPP qg?%goégeferreBCEQ%%%%g%g#g%i%ﬁ%%%d dopoam ne)
reupt ake i nhi bit%r “#ATRN may be optionally enployed in conbination with a
conpound ofl%ornmula | may be S|butran1ne) topi ramate 20 (Johnson & Johnson)

or axoki ne (Reg ron), h Slb ne and_t gri ramat e beipng preferred.
The thyroid rec bet h e eptlongiEEZEEployed in
conbi nati on wthjfa npou for nayo thyro eptor |igand

as disclosed 25 i”W97/21993 (U. Cal SF), V@99/00353 (Kar oBi 0) and
(GB98/ 284425 (KaroBio), with conpounds of the KaroBi o applications being

preferred. The iC age |onal | oyed in
conbi nati on mnt%ﬁ;iss%poun@ Ia et am ne,
phent er mi ne, phefyl ropanolanPne or n32|ﬂdo mnth dexarnphet am ne bei ng

preferred. The fatty acid oxidation upregulator whi ch may be optionally
amhwedinco =N Wit onpo f or mul fammin
(Censet). 35 Th AUsS, aﬂg;jgj;g Jdescri bav ve nay be

enpl oyed in the sane dosage orn1mnth t conpound’of° formula | or
in different ddgﬁb@aﬁob¢ﬁpphlwndééﬂg@gwﬁn@utegHﬁewegasatﬁ#ﬂﬂhiﬁly known in
the art or in thepBRRatdhe dithenfit) tor ageﬂéu;ydﬁigéheeayd beragaptional |y

enpl oyed in co d@géﬁgn N!fh 5ﬁ?o%¥%§ glgg oq{ Eﬁng Aﬂ%ﬁptlon may be 1,

2, or nore of ehe Citrate nocr | tlne nmesyl at e
(Par | odel , ll\éovanat%oe)lkaw Hrkerngys, t{kF&fJ@ﬁo’(‘ﬁp’lPhéFﬁnf}”O% 8KY+ Danocri ne
(Sanofi), progesikggens oyclglalkgtarkylcoicygs ot exdvaiiylpe enpl oyed i n anounts

specified int &Qﬁetépoalhelagﬁpi fﬂylpoweagaéglovaww Madr,ome whi ch may
be optionally ﬁgp ed in _conb

I nhi bi t of the
i nvention nay OXYr ?ﬁyﬁﬁﬁ¥§1g¥£gdﬁa§%§?8ﬁ¥n ?§§i§h§?h ?i%’nnne (GnRH) ,
| euprolide (LuﬁEGmFOBCYtﬂﬁkyl Paﬁt@mnﬁrYL@ﬂ&ﬁﬂ!ﬁwﬂhﬁé@éﬁ@¥¥%&?QﬁI°§5Yinsul|n
SenSltlZerSMBuqhnﬁ&oEPﬁRanom@aksxyOan&bercﬁﬂ&yeahuaaalmﬂgﬂﬂkstéer such

use which my he, QOPLAYE | hATRHMS. {HR3e ukied 4o 2 U85t e agent for

treating growth ers an e optionally enpl oyed
in conbination Q@“ﬁ?tﬁr%rﬂiﬁmﬁ4 Fﬁﬁ*bﬁ%@@yontWﬂf|Q¥@§ﬁt?fﬂﬂrﬁﬂwp88“§ 2, or
nore of a growtderhtabredeirthgr def bnhwromne setslet ajgegliehsach as MK-677

(Nerck), OP- 424 SALAEY | R&ldroadd COTPQUDIE, b0l a5 el i fd G chept al No.
09/ 506, 749 &gleqU“Spruarxyl8 28 attorn 6 as well as

carbonyl, ary car onyl, a?%yg mlnocar on
arylaminccarbonyl, alkoxycarbonyl, amlnocarbonyl,
alkylcarbeonyloxy, arylcarbonyloxy, alkylcarbonylamino,

arylcarbonylamino, arylsulfinyl, arylsulfinylalkyl,

- 15 =~



25 sel ective androgen receptor nodul ators (SARMS), which is incorporated
“herein by reference, which nmay be enployed in anmounts specified in the PDR
where applicable. The agent for treating arthritis which nay be optionally
enpl oyed in conbination with the DP4 inhibitor 30 of the invention may be
1, 2, or nore of aspirin, indonethacin, ibuprofen, diclofenac sodi um

napr oxen, nabumetone (Rel afen, SmithKline Beecham), tolmetin sodium

(Tol ectin, Otho-MNeil), piroxican1(FeIdene Pfizer), ketorolac

t ronet ham ne (T, I 35 cel ec Cel ebrex, Searle rof ecoxi b
(Vi oxX, Marck( agﬁg%%lf‘j ﬁ )“\ﬂwoéhaﬁ% @Eoén%%%ﬁbﬁného%ﬁﬂ so)rsﬁébflfled in

the PDR - 31 Gé‘ﬁvéhi‘?bnsa%bségéhﬁ@ti‘f dretppavemiaig.al | ograft rejection in
transplantation such asleyclasperise SandafeupecddNevant i sdyeazat hi oprine,
© I mmur an (Faro) S J|b~0LYEXALe Mmay tignal ] errpl.. ed | co ination 5
vmththeDP qglt;j{l?or of theyglnveﬁ fo wf% %yl ?jﬁarmunts
specified i n th E3RS et |a8n8Fr'ég‘é§1ta§‘°F5Frt91éé‘tP| h@cb‘ﬂcﬂﬁﬁ rﬁWnefdl seases
such as nul ti pl'és@beressskdnd arairinbrodulrat ogyoudisseasesd sichinas | upus
eryt hemat osi s) Weinasi;gm for 10 exanpl e, azathioprine, |nmuran)
cycl ophosphan de, Al DS h as_ibu cox 2 inhjbitors such as Vi oxx
and Cel ebrex, gl ucg@o:‘1 | c0| s“é"ﬁae thJr o%ﬂ%@ﬁr FSG ST, s e USsE onal |y
enpl oyed in coriimal’i 6 SHRIPYERehEPin iliobet oF af pele pAvatthem, whi ch may
be enpl oyedld n ampntrefdbs speainf hedsibstiket BPR/itHhendl S mgent whi ch nay be
optional Iy empl aed ikeOaDIAILHORa I chiaes BRY Jni ?k&?én Of Lng Lpvention

may be a non-nu de reverse transcr| ptase_ in 'nicleost de
reverse transcri % $eaf¥|]n'| AdrLkEl pristtezsar sl inftieBPesYladdlor an Al DS
adj unct anti - i rfxsdioheeenpal hy bgcligheteronlhpl#l kofl, depabdd ngll, (Mar i nol )
Roxane Labs), diﬂﬁl&@&kpﬁa;(MMemlBﬂ@tpl th‘g)syaﬁqwlbbglkggggiq%%ogracet ate
(I\/bgace Bl’f Sth 1')%%']1: hes s‘?t)./ en% (Zerlbé furg:ger $L3 Sq I bb)
cta)° |?1 it 5%% i ne

del avi rdi ne rres é escr [fam vud
(Combi virT" " )any PafRRUET n‘érTEtﬁ @Fr ?r“bStJGIU&%é)? fon flchsapithe (A vid,
Roche), zi dovud:mte abRetr ovirr adGiake), thedamans rsubusllabendOriag wan, Merck),

saqw navi r (ForgQuvas i lL.at (il 30 Roche),
ritonavir (NOTV], tﬁsgéoﬁhﬁoﬁfgﬁ%l %ﬁ%%t’}%}g%gcée‘%%&/ t%ggla%)ﬂ e ?gre S ove

anti - Al DS agent® t%nﬁﬂrayéapfrﬁr AYs s]pébﬁplel 81’?%11 He PDR The agent
for treati n?g’ i rfdepimst or §-rbowdbl dh seade t35aneryridnghe Whi ch may be

optionally er’rp|;§l)§%dabﬂnﬁpm~@§ﬁc 01 Wit raRen PP4 @—@Eymmﬁm- the invention

may be 1, 2, or r K I|clates sal m ne
(ASacol , P&G) or 'E% EZ%Y %si?o?f%{}(eyrs EUP %321%%{ %%rrobl ?oyed in
anounts speci flled)lipﬁrf-ﬁénllﬂDRoér ot FrRFiiYSe. RABYIRS1A vt ﬁ!éb%ﬁlttut?ﬁewa@@nt for
treati ng osteopdrkydisabki:gh rAyybehdoopkilonattyflermpbayedyl mrconbi nati on
with the DRA i nfjdikgr of the invention may be 1, 2, or nore of alendronate
sodi um ( Fosamax,” Merck, tiludronate (Skelid, Sanofi), efjdronate disodium
(Didronel, P&G). ral oXiteie REETERA StHiCRFFEy)EhSWAPER WeFBe enpl oyed i n
anmounts 10 specilfiydghia"i e kPDRhid¢'’h Camyyichgo'bwr t'heaheyhdd odf ashe _
invention, a pwp:mgeutﬂl@ﬁ!mcam@@iaﬂ QR phkt be a%l@h@ye@r&fyﬁt aining the
conpounds of struGtuLe $n' vgft@ oraig\é‘;eh% noétlrha n(t)lrdala eti c agent and/or
ot her type t her apeut| C tllg in assoc atl on WI War maceuti cal

vehi cl e or i UemtkedThe i)h‘%’rlrfﬁéeﬁ‘f‘?fbal conposition can be f ormul at ed

enpl oyi ng conventi onalnkedd dtaerdisuiichavehted esher tdih vedwerand

phar maceut i cal ﬁqgllrahyggu of..aqu,ygrﬁ:l@cp.pr oggg,fgﬁr; ,the nmode of desired

adm ni stration. ﬁﬁﬁ npounds can Be adm njstefed to mammal i an speC| es
i ncl udi ng humang'*y lilé%/%mmd’ogﬁs %‘PQ:IOYW BRToYMI21PB6L 85 FDP3E%afpl e, in the
form of tabl et nctapsufesip gnaputies ary pdwles ssbooe eheyl caryldecadm ni stered

by a parentgralafQutg 1nggdy§35f ngcgj ﬂdwjaegg@p&@erpgegﬁr ations. The dose 25
for adults is prefera p |ch can be
gﬁﬂé oSEREP I 9P R LFAP TR ofAenaroT i ldogds f1om 1-9

adm nistered in a sin
ti mes per day. E;mptly’[ﬂﬁéafllem@swelﬁﬁlfopal Padwi ofi srpabebroEmBrafhs conpounds
of structure | (250 ng), lactose (75 ng) and 30 magnesi um stearate (15 ng).

The m xture is passed - 16 -



t hrough a 60 nesh sieve and packed into a No. 1 gelatin capsule. A typica
i njectable preparation is produced by aseptically placing 250 ng of
conmpounds of structure | 35 into a vial, aseptically freeze-drying and
sealing., For use, the contents of the vial are mxed with 2 nL of - 33
physi ol ogi cal saline, to produce an injectable preparation. DP9 inhibitor
activity of the conpounds of the invent"ion nmay be determ ned by use of an
invitro assay 5 system which nmeasures the potentiation of inhibition of

DP9. I nhi bi ti oraaaRshant Se K r 9 jmghibitors of the
invention nmay be determ eld( r\é%ggsrr%% r?g‘d %gg%%ﬁcaglﬁe? NKEG Brification

of Porcine D p Sfd Y Porc z was purlfled as

previ ously des%%?t?gﬁ i ﬁc% dvéral’ m)dl gé??oqf;soupﬁ dReYVES @gh 15- 20
ani mal s were oft aiﬁfuﬁjﬁeal%%‘?ﬁfé@ \Rﬁsad¢%f§~‘e’@bféd swely agnd frozen at
-80C. Frozen tlasls@QO(,'ZDOa@lleeZﬁQ(D gdrawds hbabpamgani redeidud 1l of 0.25 M
sucrose in & blcajrdlaglmne@dler cyﬁgh@%@n%g J{[r&% was {gfd at 37C for 18

hours to facilitate %I avage C{ ranes. ‘After the

cl eavage step, the honogena é“%fﬁé Eljari ]fciaeddbytlbeeﬁterrf“f ugation at 7000 X g
for 20 min at 9CYycanbetmeediydlipes neeainhenasn coldnectedas Salritdoamoni um
sul fate was addegther6frogatrdrats oy aara.d t be §f echbBhbaed £y vgasugglcé@ct ed by

centrifugation gt 10 sy di;gcarded. al nium sul fate
was added tg the sugte%)%glt%(nlglstgggﬁ%e Satlralion. lnﬁg %ﬁsenlt? 2 fell et was 25

col l ected and ACSEEPVRLPTS SPETNRF NEAHIPOEN, pPryKeR, apg{er Ediléluyy s agai nst 20
mV NazHP09, pH1Zn8edt tlerqrodpar abtloom wasmcbara fHed rbyt &gntuhiefregat i on at

10,000 X g. Thecekapid] efhdibaRal @tdQn chhen; yas aeply eq 0,qL,0f ConA
Sepharose that had Qgen%eiquwol [ brgt eld |tn t he sarrg( g ?%Qresof flt efr “washi ng

with buffer to a °Const ant , the colum was el uted with 5~ (wv) nethyl
a- omannopyr anosi de. Active fractions were pool ed, concentrated, and

di al yzed agai nst 5 di um acet gt@y«_pH 5. 0. %yzed erial then was

fl owed through a 10Q 35 Phar ngci a Resour c | umm librated in the
sane buffer. The fl t hough matleri a was callected a I cont ai ned nost of
the enzyne ictivity. tive materi - 34 - agdln Was,c/ centrated and

dialyzed into 20 nM NaZHPO4, pH 7.9. Lastly, the concentrated enzyne was

chr omat ogr aphed on a Phar ngc a S- 200 geI filtration colum to renoved | ow
nmol ecul ar wei ght con : Pur g0l u Nract| ﬁ was anal yzed by
reduci ng SDS- PAGE, a e paf est t| werte | ed| andeoncentr at ed.
Purified enzyne was s ed~MN 20~ § at’ . ASsg 0‘1! Por ci ne

Di peptidyl Peptidase IV 10 Enzyne was assayed under st y-state conditions
as previously described (2) with gly-pro-p-nitroani |Id§&§S substrate, with

the foll owi ng nodificat] . Reg®tions con ed, in a hal vol une of 100
<5 et hang ﬁ; 500 -pro-p 15
-ﬁ nM enzype 25C, » pH 4) Por single

Itl, 100 mM Aces, 52

nitroanilide 0.2 ~ BIBO

assays at 10 ~Mtest corrpo d, uffer corrpound and enz rre wer e added to

wells of a 96 well mcrot te?\/pl ate a‘nd werg/l'yf ubat.ed/at roomtenperature
mofi

for 5 mn. Reactions wer sated ya itio ubs rate. The

cont i nuous productl on of t r dani was red 05 nMfor 15 mn
using a Ml ecula, . Devi es Tmax Iate reader, w,th a read every 9 seconds.
The linear raté" Sft’be Mt oanF]i‘? %%ﬁoaﬁﬁ?ﬁ’%ﬁ‘a\ﬁasnﬁb‘f%ﬁ ned®oder the |inear
portion of 2Backubsbyresdscapve. ash a2%yst amalar.d ozar vedfor apynictroani | i ne

absor bance was a@bpal fedbratubhes bagl BOENGe AfiLachnexferd 1Nt anangs enzyne

catal yzed p-ni e.prad ctlon was _qu nt|tat d fromt e ndard
curve. Corrpounc%lag élc’%etgég gry]thmqgoi:l/a EEn| blutsl gn et é:ys:gf)e(f:}t(gld for

further anal ysP8Y ed*eri@rroaﬁailysﬁ $YGRopestital&ydonpduinds, steady-state

ki netic inhibition cangtast sthefd séet eaidanedi,asha fanctiheneobabat'h
Substrate d hj, o 0 %ypgt r S were

obt ai ned at%]g ggpr%&pg{etrr%ggn??&gﬁg coﬁge tratolrfg%go 1?%%19?0 %xrg?%%gmo ~M 35
Addi tional satiPa?ibn CulveReEEWaremdbtaiiied i”hl‘fmemﬁrlégéﬁc]e oA

i nhi bitor. Conplete inhibition experinents contained 11 substrate and 7

i nhi bitor concentrations, - 35 - 17 -



with triplicate determ nations across plates. For tight binding inhibitors
wth K~s | ess than 20 nM the enzyne concentration was reduced to 0.5 nM
and reaction tines were increased to 120 m n. Pool ed datasets fromthe 5
three plates were fitted to the appropriate equation for either
conpetitive, nonconpetitive or unconpetitive inhibition. (1) Rahfeld, J.
Schut kowski, M, Faust, J., 10 Neubert., Barth, A, and Heins, J. (1991)
Bi ol . Chem Hoppe- Seyl er, 372, 313-318. (2) Nagat su, T., H no, M,

Fuyamada, H , Hayagk a gawa and Takermto T.
(1976) 15 Anal . B| oc Et-gro 26 8% aﬁ'h T 5@ i g nb%v?‘é]tl s are
enpl oyed in the Eﬁa?ﬁﬂ §18ﬁ?j %Lfsseé\lxﬁéré“h%‘ﬂ@lfncy%w heR§EBrPaEnzyl i - Bu=
i so-butyl Me =nmethytEtlohetkyb2bRrl zpnopye By deutyt AMprehwyil ret dyd 18i1l)y | FMOC=
f 1 uor enyl met hoxygarhenyldBacp8is B R 5@[&e§OUtQK¥Cﬁ@{§¥EEE§Q foup

ma
=car bobenzyl xy or. car| obenz benz ar bonyl cor cO—l gcetlc
aci dDVF =N, A ﬁlh rymaﬂfge%t%& =Te ‘f‘ﬁﬁ §88P5?e as any ot :

=t et r ahydr of ur aﬁB%slmuepfiﬁf Felordc eébree atd Rl XNH= cﬁwWIeanvﬁeNM\/l =N- net hyl
mor phol i ne - 36hetefvddylli gFolpdUtnyll Lk hi ke fR2dAGwEngal | adi um on car bon Pt 02
= platinumoxide . TEA = triethylam ne 5 EDAC =

3-ethyl - 3" - (di net hyl am no) propyl - car bodi i m de hydrogc,
1-[ (3- (di net hyl ) am no) pr ,fyl ]) - 3et hyl car bodi | m de dr

HOBTH20 = 1- hydr oxybenz azol e rate §
1- hydr oxy- 7- azabenzotr iﬁz 10 r eagnt o
benzotri azol - 1-yl oxy tr roli ditae¥phosphowi hexaf ophbsphate nin =

m nutes) h (p@ hr = hours) L = 1liter 15 nL = mlliliter ]xL = microliter g =
grans) ng = mlligganms) mol gz noles) 20mmI:mII|rmIe(s) meq =

m | liequival ent T OQm FENMPRr sa Tt ur =
aqueous 25 TLC ayet._chno \S_ze)'?@ (/'9 = |hi gh“m,ar{or liquid

chromat ography LQ =~ hi gh rf ormance efUi " cAr ograp /
spectronmetry MsS or Ma Spec x _hagsS S Wc/Lrorretr 30 N = nucl ear magnetic
resonance np = rrelth‘r%i&oi n Mol 0 'I g @I e s&j@ef erred 35
enbodi ments of the @ |Qyme/H i,ot. ):37’ < EXRnp! TEA___/ , ‘\N/ :

BAR 47"3,47/} ).

15 and the like. ‘
The term “cycloheterocalkylalkyl" as used herein

1’

alone or as part of another group refers to
cycloheteroalkyl groups as defined above linked through a
C atom or heterocatom to a {CHs) chain.

20 The term "heterocarylalkyl" or "heteroarylalkenyl"
as used herein alone or as part of another 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 "polyhaleoalkyl" as used herein refers to
an "alkyl" group as defined above which includes from 2

to 9, preferably frem 2 to 5, halo substituents, such as
F or Cl, preferably F, such as CF3CHz, CF3 or CF3CFzCHz.

- 18 -



Step 1. 5 Boc CO-~OE /Jt Step 1 title conpound was synt hesi zed by foll ow ng
the literature procedure [Stephen Hanessian, Urich Reinhold, 10 M chel

Saul ni er, and Stephen C aridge; Bioorganic & Medicinal Chem stry Letters B
(1998) 2123-2128] or with the follow ng nodifications. L-pyroglutamc acid
ethyl ester was N-protected as the t-butyl carbamate (Boc20, DVAP or NaH)
and then dehydrated to the 9,5-dehydroproline 15 ethyl ester in one pot by
carbonyl reduction (triethyl borohydri de, toluene, -78C) followed by
dehydration (TFAA, 1ut]| d| ne T e title conpound was obtained by

cyci opropanation of tH Qt% &P’Bﬁjr%?]lkr‘?écyet Ay Vst e‘Fr?E?ZEZE‘rFerelé’PQI

1, 2- di chl or oet hame',alkpBE) . oA mkn@pey'deqwmpedSpﬁ@itWI absvaswifiahl ows:

Synt hesi s of pﬂx@cﬂldﬂe%mfﬁoﬂl@%ﬂ wedp b &r 2Rip390eest iAldoy siohdiand a ¢
t enper at ur e. , hgédro prolln gt h]_yl ester: Lg&td et h%l ester (200 g,
n

1. 27 not) jb ents CS y gg ghci or PAETENY 1 Sat &
di-tert-buty dIC Sat ~talytic DVAP (I.55 g, 0.013 mol ) at
anbi ent After 6 h, thﬂhﬂsxeueelwarsarqueﬂchmj avimphurd8&f thesahsraited brine

e o % ﬁﬁ*‘?%%}“@&g“&%‘"?%@@ ARt L4 %’ﬂﬁ“*‘ﬁ% B o ethyl
Sstor s RBos LETA Bl GhBAT e T IoPRY: siler Th9 G5B ReB o IiPE & g

di ssol ved i n 1 presmtofinvehiukire capobhes atso'mnéga‘amjarttleeat et—:l amivt Il t hi um
triethyl borohydendlea:666 Btomd idcluBid s@lynohd JHR)heamd sagdert dnepw se over

90 m nutes. Aft l utidine_( 3 I S..added dropw se
fol |l owed by DNVA %Eﬁquen%lﬁ chcﬂ?ounﬁ)q (?% i nﬁuégmzx al:{-}r)ée)xig@walg added TFAA
(157 g, 0.79 no?‘)a%d’m?ﬁécr‘élad’c%aéﬁeﬁ%%m%ﬂ’ico\ﬁéam%oo%dﬁemtlﬁt%%ﬁ ent
tenperature ovethérdunf . Theha pitdaresswastoh Ipteed rat tdn Eta@Act abdzenat er and t he

organi cs were washed (wst he§aﬂ.\£1lé%rswe£eamas%qgeeﬂérplaeaeegeemg and brI ne ?nd
59go0

dried (Na2S04) andflltere t hr a silica

the crude 4? VHrscol | ﬁ% cﬁﬁgtgjé?%?ertlﬁaf’gm%%arbtdr |"'“re éa % ash col um
chr omat ogr aphy eiﬁeﬁrlelpeaegeltm.‘rt Isan: Be etdpAragedt Y ecmeeaheendb give 120 g,
75~ of the ol efhéha} Epel epsmpanathosndfodaphdehydraaktpesti ne et hyl

ester: 9, 5-Dehy r. et hyI ester (35.0 g, 0.195 nol) was added to a
sol ution of nea €£%‘Jf%& %EE% 209 nol) in 1 Liter of 1,2-dichloroethane

at -15C. To this mxt"(ﬂ‘?é”ev\&§saﬁ%d thedFOpREEEsaadi F‘FWF%‘FEC{CP@T Je102 g,
0.58 nol) o¥er 2%d im apdbihecinxwitk otid roredoat otis@ fgped8ih. The

reaction was qugRchedushth saiiated pRAHEDUS, bicat honakeeangnd he sol vent
was evaporated an e reactiaon u vvashed with brine
and purified byr??‘sﬁ g’a JJEF32HF o r?\S@Z@Fa?)Ih%/ L’fpf"ﬁﬁe Otgﬁefpv\nyge SgFadi ent of from
20~ 30 Et OAc/ hexbgrapens i50agEtGArhAck anes bep aginiel greredgorgbly isf
di ast ereonmeri cathy duuee dsk8fe Ifdrind,| encoOrmpandre-oB9 dosSheptdrm BrA H COOE
25 Dby injection.
The other type of antidiabetic agent which may be
optionally employed in combination with the DP4 inhibitor
of formula Y 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,

- 19 -



To a stirred solution of Step 1 conpound (911 ng, 1.61 nmol) in CH2Az (1.5
m) at rt was added TFA (1.5 nL). 5 The reaction m xture was stirred at rt
for 2 h and evaporated. The residue was diluted with CHZC Z and t hen
evaporated and re-evaporated three tines to give the title conpound as a
colorless oil, 933 ng, 100%vyield. 10 Step 3. COCEt To a stirred solution
of (S)-N-tert-butoxycarbonylisoleucine (372.6 ng, 1.61 mvol) and
benzotriazol - 1yl oxytri pyrrolidi nophosphoni um hexaf | uorophosphate (1.25 1S
g, 2.92 ml) idmdPdZCERudydH-) i KOOGS 908E Al T added

9- met hyl nor phodghr;_,g, %C% %O 36 rr1_dl§“ﬂ'r3P =2 ?@L@fl)e%rvﬁfﬁnn *“2 sol ution of
Step 2 conpoun 61 mmol ) and NM\/I(O 27 nL, 2.4 mol) in CHZC12
(1 mL) was added. Af tIérlad*Eﬁltlie(Yﬁd Ehet rtdvec usenofi theuempasndt iafr ed 20 under
ni trogen at rocmxuenpes at Uire coMBLmgitn wIBR 1 eact 308y Motdlgpwas dil uted

wi th CHZCL2 s( 4%@&@3&%@%@5 dg.coeﬁ%%gﬁrgg&caq“eousb,wa'm?’( 10 )

and brine (10 niL dried evapora By flash

chr omat ogr aphy fa§eﬁt@ﬁ9 ﬁé’?&n@?s?ﬂo]ﬁa\iéc‘?‘h‘éﬁcﬁ}} fetBovmdiftd casertzol or | ess
oil, 530 ng, 8%Yrpeehud gret@er th$t ehed cdobinest iaddedi soladdion of Step 3

conpound (530 Mypetqidedimd kftac%%o@%c%)bﬁ%e'é‘éoméé‘ﬁ% 5. 't was added
LiOH 5 H20 (91 nm, 2 Gm% t ction mxtur?)was stirred at rt
overni ght and evapor ated” &r f at) PRSI WA RUd¥Y £6 FReCT¥si due and
extract ed wi't h BE30YPErLYFEWE) 29eme paghiesatly @y digwasideistichi ed to - pH 4
by adding 4~ Krig®foenbpvirs@herberiid kyr soltéinrreas, extdasctedyw th Et CAc 10

f15 nL x 3). Cophicped: FtifdAc | ayers were washed with brine, dr| ed over

NazS09 and evaporat ed to gcve the title corTEound as a white solid, 940 ng,
F

90~ yield. Step 5 hffo O5DEF | ISP ISEPEIT APSHE SEep BimgmiSand (300
mg, 0.88 mmmol) tihe ¢HFP%L61dﬂ_)3fastrtiLC&®r@ndemlﬁ treogenlowes iaddedeight

4net hyl nor phol |ria<ﬂ160tc12mf§u,anld96wlfﬂﬂl|n) tﬁ@drért'{fen Froma Ml ‘bh|09r9f19c§ mat e
(0.13 ., O. Ci p| t

ate or. ned
reaction ni xture was S(%/I rrgamg?ral?\{%' ﬁﬁe?g%‘f °64éh ’f%w%?é‘ EnP it and a
sol ution of NH3 in dFBRafiegr BHBlﬂabele RABNY WS addderlkefRivebirabei on
m xture was stiar selifaty} 1h€af sticBharignybuatded al@or knowdl a5t i rred at rt

over ni ght . Thegrlgggﬁépg}nlrae%t U{;? &(@pﬁheﬁeq‘é@{'scﬂ%%egyu?% %Sg?aagg e4 and

extracted %th E ?A'ﬁ{% extracts wer ith
brine - 41 % 'dlglléalf S@&)‘Caﬁﬂl‘%ﬁla’ﬁoFﬁ%%ﬁPrqmﬁ"ﬁlﬁFcat| on by
flash col um cletbant bepvapieyl€dnil Ee@c bhexiams) agavkypdrgyltyicehéc conpound as a
white fga?]29§6&gﬁﬁtsgﬂ&dﬂ akd. 012 L AT - a_@péhcﬁtn'tr FR&hRAO! Wl eﬂeqi CS;t ep 5
conpoun an |m az in dry
pyridine (12 mg%l“'ls Gl BefPhe BeBaRLS 1d§dggi%nﬂ%ef%?§é nl, 10 2.76
nrol ) dropwi se ¥ FRR RBAkS; 6[4‘“%1%&‘31%1”@ V\BB "slﬁ‘-? (S8@¢ Dbt ilectePagsteteral20C for 1
h and evapa@fat ddsagiifarihg(.10 nl) was added and white precipitates were '

formed. After filtra I trate ugi.fied by
flash chromat ogra ﬂg&j(lgrbmgz%&é% %ﬁ?ﬁguﬂ?grgﬁgﬂm B %ﬁ%q' RUERTS
8 atio to the sulfon uréa in the range from about

0.01:1 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 miglitel {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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15 conmpound as a colorless oil, 196 ng, 88~ yield. Step 7 TFA To a stirred
solution of Step 6 conmpound (130 ng, 0:9 20 mmol ) in CHZCl12 (2 nL) at rt
was added TFA (2 nlL). The reaction m xture was stirred at rt for 2 h. The
reaction m xture was added slowy to a pre-cooled slurry of NaHC03 (3.8 Q)
in HZO (3 nL). The m xture was extracted wwth CHzOlZ (6 nL x 5), and the
conbi ned CH2Cl z | ayers were 25 evaporated and purified by preparative HPLC
to give the title conpound as a white povvder 77 ny. 57%yi eld, mp = - 42

| 91- 193C. LC Mg ave, the corregt cuI [, r the desired
conpound. 5 TFKa% 110rtxa‘cbmlte8ZOQDICEé cirbo gt’ef) G %%1 fpound was

synt hesi zed by aFJ@PFoW hit ttr?ea%reeur- i ¥%rat ur e procedure [St ephen Hanessi an,
U rich Reinhold, M chlit Sawdngs, oanet Sicephen: Gaar bdgenpBhyaar gani ¢ &

Medi ci nal Chemc%mnld,@# 3ens 8 glglgﬁ.\) 2;&%]5%85]‘1(:1][5 Step 2 TFA The title

conpound was prepared rom Step corrp t he sane procedure as
t hat descri Eed r‘?‘d eéilfnes?ﬁi‘)]s LG - gtﬁ’ éﬁﬁngh%r Féct nol ecul ar
20 ion [ (M+H)' msgzzl]l $¢Jrsnttheedes(wie¢hcbﬁpomndnsuld8 sensitEwanpl e 3 0l | HC

H2N-N H effect in NIDDM patients) such as troglitazone {Warner-
Lambert's Rezulin®, disclosed in U.S. Patent No.
4,572,912), rosiglitazone (SKB}, pioglitazone (Takeda),

10 Mitsubishi's MCC-555 {(discleosed in U.S. Patent No.
5,594,016), Glaxo-Wellcome's GL-262570, englitazone (CP-
68722, Pfizer) or darglitazone {(CP-86325, Pfizer,
isaglitazone (MIT/J&J), JTT-501 {JPNT/P&U), L-895645
(Merck), R-119702 (Sankyo/WL), NN-2344 (Dr. Reddy/NN), or

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

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
GLP-1{1-36) amide, GLP-1(7-36) amide, GLP-1(7-37}) (as
disclosed 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,
chlorpropamide and gliclazide and the glucosidase
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HStep 1 HOI HN 5 Step 1 title conpound was prepared by follow ng the
literature procedure. [WIly D. Kollneyer) U S. Patent 4,183,857.]. 10 Step
2 OBocHN-N HH To a stirred solution of
(S)-N-tert-butoxycarbonylisol eucine (231 ng, 1 nmol) and

benzotri azol - 1yl oxytri pyrrol i di nophosphoni um hexaf | uor ophosphate (780 15
nmg, 1.5 mmol) in CHZCl2 (6 nL) under nitrogen at rt was added

9- met hyl mor pholine (0.33 nL, 3 nmol). After 5 min, Step 1 conpound (|20 ny,

| nmol) was add . ) ure . was_ stirred under

ni trog)en atS rt p%l?ﬁli?%tgﬁtg gér)fI Boheg:é-hﬁtﬁﬁ%:glﬁﬁ ‘@-ﬁ‘&f?é éﬁiserﬁs_t)gblf(ﬁ w:tshed
with 9. 1% KHSO4 REY: Bififedu k) empoYRE 10 nlL dried
(NazS09) and evépondtedonfPurd fdesatiiloed b}bofvleaahc)lc:m mhﬁgs aap’tw)dazmsbl ica gel

(2.4 x 20 cm cokdiMhailadeft QACHREXRPS) - SAVE bgﬁc tHdd-C-AROPOBHR] as a i
colorless oid, 290 0% he. 25 corr cular ion

ct | e
) 2 96 or TRttt e B oSG R e ot | on
m xture of StepEWIiCoRPolnda(2AYsSnyitBiyIhE wapdd e 9biht HEP ite di oxane
(1.5 nL, 6 nmol3bmas 28tbreghet datly Rick? ayabd £wapQLALedd Wreyingeduced
pressure. EtzO s%lq,qq§g 59 45}1%n[ae§5dyoqltar&qm$ﬁp(§§clépl tate was formed. EtZO
Ci

was decanted an one three pitate was dried in

vacuo to give the titY"e*EoRpHRRILF 1(§hgst}élﬁﬂlﬂélﬁ‘6‘3\ﬂﬁ1’e apsd-dipletss yi el d),
np 205- 206CI10 LGidvBitgamg baesngdioyedt imodnecmitar wionin thMeHrange 83 f or t he

desired COWOU%O@X@I’@&F@O %‘b%ﬁtl%ﬁ q{Q_:J/:lﬂa | wlich TrFa@ bEiZQh'erIrl@%erE@N"N n'
NC~NC(ExarrpIe4 gpvév dg:l\l ond OCE r%m Stlt]!:e corrpound as a
1:1 ratio of enahti'dWers 5 Bpt € b§ t o oSt R 19%%r at ur e .
procedure. (Wlly D. erlenﬁy@?entulssupa@éﬁfﬁ}’ be18BpBYRE] in 45
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.5. 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 o/y
dual agonist such as AR-H039242 {Astra/Zeneca), GW-409544
(Glaxo—Wellcomei, 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
Metaboliem 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 usze
herein.

35 The other antidiabetic agent may be an SGLT2
inhibitor such as disclosed in U.S. application Serial
No. 09/679,027, filed October 4, 2000 (attorney file
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Step 2 0 o BocHN BocHN t ni~Y NC ~ NC A slurry of

(S)- N-tent-butoxycarbonyl -isol eucine (92.5 ng, 0.4 mol),

1-[ (3-(di net hyl )am no) propyl]-3 5 ethylcarbodiimde(77 ng, 0.9 mmol) and
HOAT (59.4 ng, C. 4 mmol) in CICHZCHzZCL (0.3 nlL) was stirred under nitrogen
at rt for 1 h, then Step 1 conmpound (22 ng, 0.2 mml) was added, followed
by Et3N (0.0l5 nL, 0:1 nmol). The reaction mixture was stirred under
nitrogen at rt 10 overnight and then diluted with CH2C12 (3 nlL), washed

with H20 (1 nl) ou Co3(1 nl) an rine. m.),. dried (NazS09) and
evapor at ed. Pur%?ggﬁ ’ozqh%l;%/h'ff’gés nccohr}’8ﬁ% %ég;rhaeﬁﬁi%brﬁ’ s"?élfiegﬁmﬁ%i (2.9 x 12 cm
col utm, 2: 7 Et CACPHeXHERAogades tdfe seitt Pet dothsdiind Beefergsdopressheil, 15 33
ng, 51%yield LCohhWughyeekhentiord act pprofectddaini oe [{dddd) ~ = 322] for the
desired conpoundyBtep 30 oll TFA H=N-N TFA HzN~-N n NC ~ NC (exanpl e a)

(zxsy a an) 20 To a stirred soluti,on of Step 2 conppound (30 ng, 0.9 mmol)
in CHzd Z (D.§5 m) at rE \ﬁégeﬁoﬂbt&dfﬁgefb? ;%Ef.wgﬁ%h M&XcPFon ni xture was
stirred at rt faptofallthempéared om woxbimat iwas watletthes IDOW ynhdoig-gar ecool ed
s&% r3z/ ?1‘2 #LaHooa;f(ﬁoﬁgg)a iIn_mk?goe( Jaznmalvzl The viioek UE e Wass aﬁsexééégti%d ""} 'thd
X and -combi.n evapar ated and purifie
by preparative prc %%Flgl%\%gl?ﬁes%a‘tal?eﬁgﬁan%fu%&\ﬁgg' aéllil:e%l ?5??%%) Yo o46
di ast ereomers, 22 {29 730dyUef d. 2RREARBE 4% SaHE1cBP r B 538K BE¥ ar i on
[((MtH) ~ = 222] fated héarddsir e cOnEatindsey BddrpLag7®p ) 5AwWRiOh] id TFA ' H=N~~

TFA * HENSN and 7 MNosr el hExaipls, 3L el Eanp) %méf%yﬁlgeﬁoéa fadN NC NCB

To a solution ofs Exanple 9, Ste e%ﬁco ound 150%, d3% 10 nmmol ) in
2-propanol (0. 8%ft)" *&dled T80 Y 0 CAMEYYRCorRESFERAtt TN mixture
was heated to reéflpxefanregd An i eboygobbPmidasiph; the reaction mixture was
evaporated and then slnpe b€Hek Narftid@abbt i Jageptt @RidH Idavabkon, the filtrate
was evaporatigd S tﬂéé%a 1@‘%%@&%9% L3 §E§Bir1?tcig{£p9§!@ﬁstr?é“%pﬁxi‘ﬂi9 SOt ep 1
conpounds (190 , ~)_ “as 1" m xture of diastereoners, each as a
racemic mi xt ur eI SERPR a0 10 mY P2 IBYERRER-NphosPhary lasqCinhNel ogF 25 A
slurry of (S)-Nstentadbutiexyocasdainywoi 96/ 2uUtdNneWO596/ MP852. BF ATAANI,
i-L(g-(dl m;t hylb)a@nw@/n:rv@f@xl,£§§%ml3%g@pgﬂd m.@e_(é@@er{mﬂ@%:‘%z (mm2 Im)L) and
- hydr oxy- 7azaben r 0 €$ , a % |n§ was
stirred under n?t?%’e £ 8'%,’ PRefr ‘<583 °1° odnd TRP&ture (139 nyg,
1.28 mmol ) ®Bs added. ThHeemegiftrinide which may optiocnally be employed
in combination with the compound of formula I of the
inventicn may be repaglinide, nateglinide (Novartis) or
KAD1229 (PF/Kissei), with repaglinide being preferred.
The DP4 inhibiter of formula I will be employed in
25 a weight ratio to the meglitinide, PPAR y agonist, PPAR
o/y dual agonist, SGLT2 inhibitor, aP2 inhibitor, or
glycogen phosphorylase inhibitor within the range from
about 0.01:1 to about 100:1, preferably from about 0.1:1
to about 10:1.
30 The hypolipidemic agent or lipid-mocdulating 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 CoA 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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reaction m xture was stirred under nitrogen at rt overnight and then
diluted with CHzCAl Z (30 nL), washed with HZO (10 nlL), saturated aqueous
NaHCO03 (1D niL) and brine (10 nlL), dried (NazZS09) and evaporated. 5
Purification by flash chromat ography on silica gel (2.9 x 20 cm colum, 1:3
Et OAC/ hexane) gave the Exanple 4, Step 2 compound (260 ng), and the title
conpounds (105 ng) as a ratio of 1:1 diastereonmers. LC/ M5 gave the correct
nmol ecul ar ion [(MtH)~ = 322] for the desired conpounds. 10 Step 3 0'I Ol
TFA' HzN~~ TFA' HzN~N and NC ~ NCB (Exanmple S (Exenpla SA) To a stirred
sol ution of SteptFatEnpoRsrisiitiodtaES. Gz@éeﬁﬁﬁﬂjl |eﬁt€HzF}”%nS’(f19rnL) at rt was
added TFA (1 nmprotHie 1bhileacirisonbil Xtadi@ wagusitiraned, akndtof or 2 h. The

reaction m xturg vasadded; $10W Yel Py ReCoRbed Sl urry of NaHQ3 (2 g) in
H20 (2 nlL). The m xture _was .extrac and conbi ned

CHzCl z | ayers were evipbrit %ﬁasp?f?zflf‘iygg B?“ﬁ’bﬁ&“éﬂ%@e‘q LC.to give the
20 title corpouirhibisepkedbql36edyin dhd -Efatiphe A G369y 72.LT-FB gave the
correct nol ecul sgtdr@nnb( MiH)39,33822%. § orpalcbatr desi redieoppounds:.. Exanple 6

25 General Method A, Bar a%l.pgo ank ray%syntg;%%h?: et hso(gzgf st preparation of

i nhibitors fromcormerma ['e amno acid in Schene 3,
the ester 11, dR&&Fithda-ih- é@aﬁ"ﬁ?eaﬁd@l@p f‘PPQ\h%a@é’&oﬁFﬂ-%Jd N the acid
with Li OH in THHH2G ,asd comeoiedbén 1te 1@aaBdend? th. 30atereatiaent with

DT OLOCt NG 6 0upl He RONDy o e 36 e CaEgt 1] sreeiEies il B?fmet iyl ene
i u u i di it u y
chloride to gi ng“}i%’lt?ﬁé IO WRsSEBUS % g?oakﬁ&? pe ate ‘g

but yl gl yci ne usiprj igiathens EDAC/ HOBT/ DVF or EDAC/ DVAP/ CHzCl a to g| ve 14. The

am de was dehydrat ed nho1tbe dHe bbbee 1ib. SiPRGeE larld Bbgazedteidna pyei di ne at

-20C and finall d hy JFA at anbient tenperature.to
afford the tar g%?cdo égo‘%é@%&% ik bg 1%Jiﬁ\ﬁa%l;%od A (Exarrpl es 6-27) H," 1 ,,H
t

a, b N Boc H COopEt 11Mﬂstw1&f@ﬂmﬁd|\NTPP@ EERFF 49 Perepployed ip//\\ ¢ N
~Boc H CONHZ 12accdrdaHpebekhﬂﬂHeprbééﬂK]1nHenEmbn include preferred

MTP inhibitors as set cut in U.S. Patent Nos. 5,739,135
and 5,712,279, and U.S§. Patent No. 5,760,246 as well as
implitapide (Bavyer).

20 The most preferred MTP inhibitor is 9-[4-[4-[[2-
(2,2,2-Trif luorcethoxy) benzoyl] amine] -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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HHAdTFAHN | H1YCONH= 13 H , Hf ~ ~ A" TFAHZNif NY ~OH CN 14 15
16 a. LiOH inTHFl HzO or MeOHI HZO b. i-BuOCOCI/ NWM or i-BuOCOCI| TEA at
-30C or EDAC, then NH3 in dioxane or EtzO at RT c. TFA, CHzClz. RT d.
Boc-t-butyl gl yci ne and PyBopJ NVM or EDAC, DVAP, CHzCl 2 e. PQCI 3, pyridine,
i mdazole, -20Cf. TFA CHzZClz, RT 10 TF.4 Step 1 15 To a stirred solution
of Exanple 1 Step 1 conpound (1.40 g, 5.49 mol) in 40 nL of a 1:1

met hanol : water solution at rt was added |ithium hydroxide (0.20 g, 8.30

mrol ). The reaction Jn xtur [ dat rt for 18 .h_and then - 49
heated to 50C fgc])'ré)‘z P%Tte?ﬁeﬁ?ﬂ%ﬁgé’\%\%g' FrUeeE Wt r?néiqﬁgpaE/% unes of et her
and water (50 ntynemydidshen &bidioPréding{f -KBsoant ¢'qsH 3 49he’ 8 IfR¢ sol uti on
was extracted wiidsmgtiver. (8trex20mlfoa Thelueerabe ngthidtikers Swhiastemaywer e

gried over Na2s09 aNd QYAPRLAL S ntigal e UG- wAT SHlikPed {4 0m Lol uene (2

X 10 nmL) and_drie reduced pressure tq give the title_conpound as a
thick syrup,’ 1. 2BVRetgsdn. 19t tig5ed 1 b St iPFggﬂts“Eﬁ'utBi'aﬁ‘lo?”St ep 1
conpound (1.20 ger&a28ammml JigqlcRER (20U A.) Patent 3®UNGePO0Ri 330 Gad was
added 9net hyl nog pho} i08@ , ( @t ddvdHeat@nb@i saMskdand ¢ hen ragsehtityds 15

chl or of or mat e (9; %%%{5293?8092;%’9? QVer: 592? \%ﬁngﬁ?,esgee%%i on was stirred at

-15C for 30 mn nd~treated a sdlution of NHs in
di oxane (50 nl, absvapkstin TRessaySepbre W xtigvashnlsitst ™réf4ht -30C for 30
mn, warnmedlto 8iselukest ihreds overtenghiio. Ehelneast cthi2@opgixt ure was
quenched wi th chLeiAcld,S0lUldaR 16PTLA)s Y xbEnGiad Wi bhsether (3 X 50

m.). The conbined organic fractions were washed with brine, dried over
Na2S04 and concBRt¢Ht &% Puff?i%’dtion by flash col um chronmat ography on
silica gel wth Et OAc TyaveathkerSt eynRheGaspipbihitons @@ligéb%a@ogorSt ep 3 NHZ
- 50 To a gkérkad 9.0k HEL @k Ofbubl 8pe ZnxoNpatnEd (Kb, 9@ -ghodpithamol ) in
CHzCl2 (3 my) aL, Pewas added) Ji G 0Ld: JHRRALCRSTOm I Xbu! Gpis stirred
at 0C for 18" h. e EAEt FOR- i xture was concentrated under. reduced
pressure disclosed by Biller et al, J. Med. Chem., 1988, Vol. 31,
No. 10, pp 1869%-1871, including isoprencid (phosphinyl-
methyl)phosphonates as well as other known squalene
synthetase inhibitors, for example, as disclosed in U.S5.
20 Patent No. 4,871,721 and 4,%24,024 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 farmesyl
diphosphate analog A 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.S., 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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5 to produce title conpound in the formof.a thick oil, 0.98 g, 100% The
oil gradually solidified upon prolonged standing. Step 4 10 An oven-dried
15-nmL test tube was changed with Step 3 conpound (56 ng, 0.22 nmol),
N-tert-butoxycarbonyl-(L)tert-1eucine (53 ng, 0.23 nmmol),

di met hyl am nopyridine (0.11 g, 0.88 nmmol), and CH2Cl12 (4 nL). The tube was
15 seal ed under nitrogen atnosphere and treated with

1-[ (3(di met hyl ) am no) propyl ] - 3-ethyl carbodiinm de (84 ng, 0.49-mmol). The

m xture was pl agsd ¢l hak vart pvernight . The product was
purified by solid ghgggt%x%éggf?gﬁr%tg'ng&gg%%ﬁ%&rgg n%}_feoglylﬁ‘gcx col um (2
g of 20 sorbent’iWU§°8' A L FEIARGS FPIRGRAAR GRS HE SPaPERT ain hSa SCX i on
exchange col umPakggtslecesdiMeBys wastrbagohi &id GdAELIBr¢5i Ilhe,ind0% net hanol

[ n'gHzflz (? rnﬁnefﬁggéﬂﬁFﬁﬁﬂéohchﬂ §éégas%fé§%§¢ﬁué%$gsn@ﬁ%FﬂHy rg$9n544- Thet
product contgi -acti o e.cancent r under .reduce pressure to
gi ve the des) remﬁ%%téégi Iﬁj‘?‘fﬁ\gggpﬁ?g CA i‘gﬁ&b?/lerxe\?ef:g = pid %gre?)%r ative
col um chr omat dGdpRy bIP2EEREL SERITPS -Poukens. FHhses! Enfdfavient Ne titl e
conpound, 50 npue8¥%yied BthaRul ahicatdeeiiveaonedit,i anghiky pdiment-aebuti on from

30% et hanol / waldrhd &, IF#hd:a:90% AR ML benghLyakgALR,d. TFA over 15 min. 5

mn. hold at 90%0?- ﬁh . et hanol / wa ow rate: 20 nL/ mn.
Det ecti on wavelRBGYHERobe REFENt RUHeTi mB™1aer YR ledest 8 5(TanaReoven- dri ed
15-nL test Wubeéeiaskuhariysdioneth SI-41¢4 (eenpomdief50aniye)0. 15 mol ),
[ mddazo! te (31 n@iliaaﬁlﬁdml:)mitaﬁ@) Pysfa!n@lbagaéclo:fﬁl-,) Anggc_:étry@awfaﬁji%eg&g?,
under nitrogen atnosphese c - : w.addition o
(141 ngy, 88 uL,&b?SZ’?ngr%laﬁn%gg\lfng#%ré %difﬁké?%&tl%egkuﬁ?%rry. The tube was
m xed at -30C fEF1¥2piveR) « Récobintq 136d devaptpidtard. aTh&rgiv.oduct was
purified by solregpmghase pdmiaetabirylsicngead Uniddihechnol ogy silica
extraction 8ol Wa (4181 Bf1RuheRhidd) %eQiOLtﬁPééJféﬂkhbXs'cﬁéé%?%&&g- he

t z (5 m), 5~

material on a | ica col'umm and_successively washi ng W ,
met hanol in 52 T3ARY No7o bt hadfol ﬁﬁagﬁﬁri’ @5Ht) and 12~ nethanol in
CHzd z (10 nl) polivddpabhitictimeohy bimmiang ufr abiomivslwené powined andh
gg(r)}cegt r at nggmﬁigeuw@ﬂ ipr essUrmadedcgvye %,hmt,iobbﬁ Y| é&ﬁaeﬁng, 965m£2;,5

o Step - dri - test .t ube charged wit tep
conmpound (Q, 95'%%@90.8%%&“%0??8%2}0&%%%,a%e\r%%%TFA (1 rriz) The reaction
m xture wastOvortexed Fif Fderi hveglipidenigoagent mgy| be etp BiCBR tol uene (9
m.) and concentimatibdtonosrchr edudksklprsedstine higs blii thke didturéhe4 product was

purified by re\gerlge(pb@)e, H’A‘%Qéﬁrﬁ‘iﬂéﬁ% S%H”Xbﬁlhri%%w%ﬁphﬁw%lﬁ yMC SS ODS
20 X 250 mm col % 0

to give t he Exanpl e 6_conpound, 19 , . 350.
PUr 1 1 oat] on cOQPEFOHS LmhrRe] BRE S dERoAnE TR PSR WAt er / 0. 1 TFA
to 90~ net hanolfaravestOeak BEAaoVRrhar@teira? . Nivialokal et &1.90$
met hanol / wagser /M hirdEAlefdsQw Neh&incd) MkED N. (1Blsect ion(Mmavekepgs h: 220.
Ret enti on Ti”EhT%g ghgrmacological 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 cCardiovasc. Drug Rev. (1998), 16(1), 16-30; “RP 73163: a
bicavailable alkylsulfinyl-diphenylimidazole ACAT
inhibitor”, Smith, C., et al, Bioorg. Med. Chem. Lett.
{1996}, 6(1), 47-50; “ACAT inhibitors: physiologic
mechanisms for hypelipidemic and anti-atherosclerctic
35 activities in experimental animals”, Xrause et al,
Editor(s): Ruffolo, Robert R., Jr.; Hollinger, Mannfred
A., Inflammation: Mediators Pathways (1995), 173-98,
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10 Exanpl es 7-27 were prepared fromam no acids avail able from comerci al
sources according to the procedure in Exanple 6. - 53 Table 1 R~-N CN
Example R[M+ H 7 ~~g 302 OHZN, w8 ° ~ 2951 OHN HN 9 i S 240 O HzZN
10 222 O H 11 222 O HZN 12 222 O ~NH w. 13 208 O HZN 19 ~ ~ 270 O HZN - 54
is "~ 2zz 0 HZN H 16 206 N OH 17 256 HZN O S 18 ~ /~ 26B H2N ' O H 19 ~
220 HO20 ° ~ 220 NHO, H | 21 ~O 210 TNHZ

Publisher: CRC, Boca Raton, Fla.; “ACAT inhibitors:
potential anti-atherosclerotic agents”, Sliskovic et al,
Curr. Med., Chem. (19%4), 1(3}, 204-25; “Inhibitors of
acyl-Col:cholesterol O-acyl transferase (ACAT) as

5 hypocholesterolemic agents. 6. The first water-soluble
ACAT inhibitor with lipid-regulating activity.
Inhibitorg of acyl-CoA:cholesterol acyltransferase
{ACAT}. 7. Development of a series of substituted N-
phenyl-N'-[(l-phenylcyclopentyl)methyllureas with

10  enhanced hypocholesterclemic activity”, Stout et al,
Chemtracts: Org. Chem. (1995}, 8{6), 359-62, or TS-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 LY295427 (Eli Lilly).

The hypolipidemic agent may be a cholesterol
absorption inhibitor preferably Schering-Plough's
SCH48461 as well as those disclosed in Atherosclerosis
115, 45-63 (1995) and J. Med. Chem. 41, 373 {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 (1999).

The lipid-modulating agent may be a cholesteryl

ester transfer protein ({(CETP) inhibitor such as Pfizer’s
25 CP 529,414 (WO/0038722 and EP 818448) and Pharmacia’s S3C-
744 and SC-795.

. The ATP citrate lyase inhibitor which may be
employed in the combination of the invention may include,
for example, those disclesed 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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22 262 O HZN 23 ~ 292 HpN O - 55 H 24 210 O HZN NC 25 ~ ~ 281 HZN O 26 ~
281 NC ~ 2N O "~-, 27 ~ 272 HO ~ HzN O S Step 1 Exanple 27 HO\l HpN N O

CN BnO \ | BocHN N O CONHzZ (2S, 4S, 5S) -9, 5- net hano- L- prol i ne carboxyl am de,

TFA salt 10 (53 ng, 0.22 mmol) was coupled to N Boc-L-Tyrosine-benzyl

ether (82 ng, 0.22 mmol) using PyBop (172 ng, 0.33 nmol) and

N- et hyl nor pholine (67 ng, 0.66 mmol) in 4 nL CH2Cl2. The reaction stirred
for 16 h, was taken up in Et OAc, washed with H20, 1N aqueous HCl, brine,

t hen evaporated 15 an urified by silica.gel flash chromatography to give
t he coupl ed product (&EE R YBOYT. of é%'mul%StIeﬁf he FRESREERF #idA de was
dehydrated to the §firloved imisgetibbt gesteraltonthhotmClinhiehid aldeaws Exanpl e
29) (FAB M+ 962)erdl @robept B, MiehShepn heRzykr&t hafousases! £aved by

catalytic 15 hygeagenalys) spHddpt0r ol LBdLEIM 00 CALDOR AN 1 3l mosphere

hydrogen gas_in MeOHaf rf reaction ‘was tghrough

celite and concentrat 88t 8°%h WGP nAREE Tk @sbNPN taresul Luradiarstedri fi cat i on
(FAB M+ 372). 20:8tdEmgdteiaddyNwiight and condition of the patient, as

well as the route of administration, dosage form and
regimen and the desired result.

The dosages and formulations for the hypolipidemic

10 agent will be as disclosed in the various patentsg and
applications discussed above. . '

The dosages 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 amount 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 inhibitor 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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OCN 7 _ Step 3

N-[ N-Boc- L- Tyrosi ne-)-(2S, 4S, SS) - 2- cyano- 9, 5net hano- L- prol yl am de was

di ssolved in CHzCl z and TFA was added at rt. The reaction stirred for 1 h
and was 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 HzN~N O CN 10 The title conpound was
prepared by coupling (2S4S, SS)9, 5-nmet hano-L-proline carboxyl am de, TFA
salt described in Exanple 6 Step 3 conpound with N-%lt ert-butyl oxy 15

car bonyl hydr oxyval i ne® P¥¢i@r1®gdPE%Y 19929 EPT BN SHCEh2E rF R URFISsPEy|

chl oride and dempdakspnwilil tdoataim dehanviMs PEOC pdduritedaz olhilbitpyr idi ne and

deprotection (N ef el ¢ il 2360 and MalioBEe e Qgy! brakdpphFAUshng
general nethod %\?@AB VH 224%, the tit]e conmpound \é@s gbt al ned. 20 Exanpl e
29 O HO- N NHz ept1 WY O FHomeEe TPBGE- LEEHbAPSEFi AR (1. 20
g, 5.97 mold uporrbopeatPerd. with tert-butyl dinethylsilyl chloride (1.67 g,
11.04 - 58 mol ) apdpisidiazal erD3Bduge E3r®, Wwh) abncddfetEcldrnl) was

stirred as thick s|yrry .un . ated, and
t he crude mat er%(aﬁéu\l/ivgéq Hligso‘igo\%lggl?n%%ﬂggﬁémtﬁgg?esu kﬁ{)ﬁQgéol ution
was 5 stirred at? fan fEPUBt (P FRemMsabEntlongs dRAHorPeld: RiFiEkably ude

mat eri al was difzdredbaiat h2 CHaClaBo(6020.)mgand treated with 0. 1IN HC1 (2x10

m). The CHg{ zl ayer was yashed, Wbl lpdddie agendnida046MdMS04. Renoval of
the volatiles gave title conpo gjg as. an oj.l %.g%_)i \A/rllgrp leo( S used
wi t hout further FVYEFEatT o l% RAsE© J}‘%lSH): g?ﬁﬁiﬁ Yep2Zrs
LO} inhibitor such as benzimidazole derivatives as
disclosed in WO 97/12615, 15-LO inhibitors as disclosed
in WO 97/12613, isothiazolones as discloged 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 (1297} 120, 1199-1206,
20  and Cornicelli et al, ™“15-Lipoxygenase and its
Inhibition: A Novel Therapeutic Target for Vascular
Disease”, Current Pharmaceutical Design, 19%9%, 5, 11-20.

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

30 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 pravasﬁatin,
gimvastatin, lovastatin, atorvastatin, fluvastatin or

35 cerivastatin.

The other type of therapeutic agent which may be

optionally employed with the DP4 inhibitor of formula I
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ONi NOOIBS ONHy To a stirred solution of Step 1 conmpound (333 ng, 1.0
mmol) in 6 nL of CHzZCl z was added

1- (3-(di met hyl am no) propyl ] - 3-et hyl carbodi i m de hydrochl oride (256 ng, 1.32
20 mmol ). The solution was then stirred at rt for 30 mn, foll owed by
addition with Exanple 6 Step 3 amne TFA salt (160 ng, D.66 nmol) and

9- (di et hyl am no) pyridine (294 ng, 2.0 mmol ). The solution was then stirred
at rt overnight. The m xture was diluted with CHzClz (S nL) and 25 washed

sequential Iy w hlyH20.1,| €9 §14¢ inor@Chel abrdift: cbBEIL Tl gl 061 N32 509 and
evaporated to give the title conpound, (350 Ich was used w hout
further purificatPor? (LEAVRERTILE PAGRPISUy R (NPRFE LnE$itorgiap 3 O H O N
N O CN OIBS 5 Afervternidr i(edd 1denaminelndedmtakenedhiask  wastiohariged wit h
Step 2 conpoundr&3&Eor be@a 7@rulDlah, ahst &l 8ged08 W orla S8l ),

pyridine (3 glL)__.The fi % nggr I was cooled to -30C. Sl ow addition of
POC13 (0. 30 rrL,a?J{GO)In;rdr%I% Oga eegﬁtlg?&rﬁﬁ xing a thick slurry. The slurry was

10 mixed at -30C for B Eshg 2 RENAANCIEILF e3IBViIFToMRL Y. ™D &8I or omet hane (5
m.) was then addediand tyhemphsgidibhecsabimhtias wetlwedoyohfind tgfmti on. The

organi ¢ | ayer wasrM@shadmihtBe HH9e7301THlddd Badhil Shord)r,i REs884k dried over
Na2S09. Renoval ( ;r%[ql v%nt E)g%%4%h§g%\?e8| red nhtl’l le 15 g330 ng) (LC/ Mass,
+ ion): 929é|v|+k§. Step ° S0 7 PFOBT S8 B2ERiY (3.3 L) was
added to a $%¥irpgeniviaumsofietlsrdpis €ohpdangnt 390 m§, 5815804mol ) in 3.3
m. CHZd z. ng spbud ey, Wasadhanast b1 vegl, fds Bhaf Qr%s’%), 0@8,?_;5\%1{ e¥vhdr ops of
wat er were adde t r stirred for .0. : e mxture
was diluted wi tﬂJ%}&d g;jgg %r%l a}r??%%%%%n%?)aetlga %ﬂ%feerrrﬁedduced pressure to a
thick oil. The productPSiddPpari FHEPiHer r BREFs daghhe eoRfrieFatavi ve col um

chr omat ogr aphy employéMCi85cQRS ri2dx 280w hrh colconpotmd gifvEotritel 4 it lmayconpound,
59 ng, 170. 180 BurdfiicRkk0Br CORMligkbongi i Shidi eRtck! dhii R af rom 0% ,

met hanol /water/ 0. 1. TEA to 90~ nethanol /water/ 0.1 TFA - 60 over 15 mn;
5 nmin hold at 9B=°H&t 8ol /water/0.1 TFA. Flow rate: 20 ml/min. Detection
wavel engt h: 220. Ret €thd GerPEepin ol apdndopeayives s reuptalre inpibiyaH) . 5
Ge_ngral BNEL RlOd B8hidH a‘ia@eaer@afiroalﬁgg?empﬁ:g&uemﬁec&r@aiB@@iaﬁO&m%d am no g
aci ds. Boc r t . . qua . oC- protecte
am no acids, gx%%p‘%bg?%%agércﬁtaa?nm%ﬁ?%%’%ﬁtggﬁ%%ﬁa{tﬁgggg%%%pI i ng am no
acids of whith SEPEHETOS deRpRRINd °©Z02¥kingpriBesnraRIVe. YEYR| opent anone was
ol ef i nat ed undesilomamiBamend woridetiaonodimgaptefer¥Ed.whi ch was reduced 15

to the allylic al cohoinel@nysbid JARBPoH bt d AoBBEna Ahikeht Raflime Al ylic

al cohol 18 was esterified with N-Boc glycine using DCC/ DVAP 1n CHZClIZ to

Give 19. G ye: ne et oo TR e o r L E a Lol & do CAHERAr¥d Q & sen

rearrangenent b{oreHs dxaeydve W tthyanhy dreasepter ntigmde psofi gel aaed

deprot onati 2 ain-wiG Aaibb3| (¢ hicam 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

30 be dexamphetamine, phentermine, phenylpropanolamine or
mazindol, with dexamphetamine being preferred.

The fatty acid oxidation upregulator which may be
optionally employed in combination 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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di i sopropyl am de foll owed by warm ng to anbient tenperature to afford 20. -
61 Schene 9, General Method B, Exanples 30-47 O- a ~ b~ ¢ Ot HO
17 18 0d Ol / ~O-H-O- ~ O-H OH O ~ O 20 a. Tri et hyl phosphonoacet ate, NaH,
THF OCto RT b. DIBAL-H, toluene, -78 Cto RT c. N-Boc glycine, DCC, DVNAP,
CHzCl 2, RT d. Znd 2, THF, LDA, -78 Cto RT Step 1 5 Cycl opentylideneacetic
acid ethyl ester. To a flane-dried 500-niL round-bottoned flask contai ning
DiaH (5.10 g of a 60% di spersion in mneral oil, 128 mrol, 1.10 equiv) in
120 nL anhydrous_THF, at. 0C under s 10_.ad

triethyl phospho%o’é’%‘é]taa e°f25"? gﬁ‘ﬁ_fae %ﬁg g fmfbs‘eq’ﬁﬁ IPEAFTPVEER t hr ough
an addition funhesimeTive agi gereweMas kapvovied the wek ax ¢or thest¥BRring for an
additional 1 h. A soltid amfeftcyndyopehandime-y ];QySbértoptLLaalmpl) in 10 nL

anhydr-ous THF V‘@rﬁ ﬁg&Qﬁd lgr ﬁ%tﬂ\éﬁrwgph rq{l_[ér %g n&&qﬁh}ﬁ ?d tion funnel,

and the m xt to stir at m.) and
wat er (100 ) \]/\BY%nrtlﬁ’é‘nméMd]%%i lafd Phe ‘P%yé’rfsc\]/\ié‘f‘@l?élﬁafzé*féﬂte The organic
phase was vvashedcscmm,smx&lnylm 1 Forwaroer 1940 mepydacde btHardo@ald®, L), dried

(Na2S04), and cRB¢SALIAL, %ﬁRﬁn&jr?dlo%Q rg@&%&ﬂ (I%Aﬁsﬁwﬁn )gl MLAgzdY, 5 9 (983)
of the desired gster as 1g)rl ess oil

2- Oycl opentylid ‘F‘l’é%‘frnlé’ﬁol Sa’ﬁ) W of I%F?geﬁ??%edl%@ﬁ %f ?&L?ﬁ&l%i"floned f1 ask
contai ning 5 cyehbpemayl bdepprasdc iacrmewtdsy spesikredq [ip, 5heg, PORI3 nmol ) in
100 nL anhydtous tol ugie adfent 786r Wideicyat gorowsay agrkerbeld BALchl (dy89 nL of a

L5 M soluti on b0 4o uensay 2Bt 1 EOuAUUba UORNSE BYET @ SO M

period through an tion m xture was then aIIovved to 10

warmto rt, sti FFMHRYHBY °f8tlﬁe @nFéa’Et‘F%bﬁl *t uf e "\’/Vag‘offﬁeﬂ recool ed to
-78C, and quencbeniadxytrtomncaebéemmad&iptmm ofGnBE) nmieuprpdides MeOH.  (Jpon

warmng to rt lml}bfégmel lc8'omig@l, tpéllﬂﬂierr@ wsla@&&dﬁacageﬁ@@ dd xture was

stirred 90 Th _bn pse%m glger%ctsuo xﬁgﬁReawagléthsenolrSo Iut ed with EtzO
(20D nL) in a separ At ory unhet t e 1ayef re ‘separa Bd. The organic

| ayer was then ﬁﬁ%‘f’féﬁ—wnﬁﬂ BISTHS (fPGOSH‘EI) u% wBich NeprShe) emakeyebrident r at ed
under reduced pemssiM=L.spBdtEiédain ahebypk] ash col uim chronat ography (silica

gel, CGH2dz / ELOAC, 4Q ]a? | Vgozocrﬂe]atﬁng §5%0n afi sbh&deshbpdrallylic

al cohol as a color]ess oi
(2- Oycl opent yl GemtethybicR f(%rﬁe BREYPRIYRRrEBAGY S 25 GPTRIPATE" O |

~O~-N~-O- with the DP4 inhibitor of the invention may be 1, 2, orx
more of a growth hormone or growth hormone secretagogue
such as MK-677 {Merck), CP-424,3%1 {(Pfizer), and
compounds disclosed in U.S. Serial No. 0%/506,749 filed
February 18, 2000 {attorney docket LA26), 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 inhibitor
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 (Celebrex®, Searle), rofecoxib (Vioxx®, Merck)
and the like, which may be employed in amounts specified
in the PDR.
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H O To a flanme-dried 500-nL round-bottonmed flask containing 30
N-(tert-butyl oxycarbonyl)glycine (13.45 g, 76.75 mmol) in 100 nL CHzd z at
rt was added Step 2 conpound (8.61 g, 76.75 nmol, 1.00 equiv) in 20 nL
CH2C12, foll owed-by dicycl ohexyl carbodiimde (16.63 g, mmmol, 1.05 equiv) in
80 mL CHzA Z. To this reaction mxture.was then added 4 - 63

di nmet hyl am nopyridine (0.99 ng, mmol, 0.10 equiv), and the m xture was
allowed to stir overnight. The reaction m xture was then filtered through a

medi um si nt er ed- 9|assc$AU¥H%ﬁon£i gggsmt$£]ﬁ¥¥%egkhn% é%logFlgg concentr at ed

under 5 reduced gressure e cru roduct™ was t url by flash
chr omat ogr aphy T81F5CL yéh, t?@?&ﬂéyﬁf% sugf. ist%ch}OfP@Fa’éh ent) to give
19.43 g (99~) ofantigngesi Kﬁdvaydty(snnyhzashmprasea Dotaahe$Bath)l orl0 Step 9

N-(tert-Butyl oxm&mmla):elm eh&p@ﬂtyyle)np%y&a ne, Bagh{HQ 15 A
flame-dried {T%r qlungpgogrtﬂ?rg;g I aflgi under a ;@%ﬁ ghar ed Wi th znd 2
(11.8 g, mmol, T. ui-v rl?er'}gve F Yfeat ed under
vacuum wi t h vi g%‘FIEFL%’ LRr pREHRE aPest Fiosk 161 Fh‘anEDFt races of. noisture 20
with the distilling toimeneionspedienfg fdi xipa06asSaltdbixnundhe flask was

then cooled to dunder o t n
N-(tert-butyl oxa%:%r bon sysgég é(}? rr}ré;}(%y?ié’p&le\ﬁosg? %g& mé'lm}'l OmOdul (}8er Vi a

cannula as a so h??atﬁ‘? OaﬁrL UPHE, e%ﬁﬁ‘et"ﬁéoﬁfﬁt Lﬁsé’r\kéél?hefr’r’rcool ed to
-78C. 25 I nl& sepavrites Beankichriied, 208nurarr, oumdidpitdsphedife aNSATOSt ai ni ng

di Ib S?p[?p%/Lam n&l&}zgtf%_ﬁh ram:ﬂ,, c3x69 Jl.er‘}l}[-.’db\i):o!rg s%)cmiasTHEoﬁE ané8€ was ad;lled
n- puty | Ium ol u nes eCIUIV
and the mi xt ureéV\/a%brelxl o%e’éc?%orv%rc%l? adé?‘ Prgﬁy% rﬁ@?b?eé é‘t?y E’EOOI ing to
-78C. The |it hi ot iAnaddpr epylamidnént eedbigesdprat Bt wadet RBA ddd tera
cannula to the if\(ﬁl’% datent Mt whecHr epnee eaplaysd aadymbanes over 40 m n,

and the - 64s lte@ngnr tipgn m xture was allowed to slowy warmto rt
i oW reac |on m xture was then poured.into a

and stir overnl P]_Lﬂégl
separatory funnel dII]r i 29 B0 HED FERO P RB® F PRA s G AR D rigani ¢
sol ution was westrki@tsoncess \réley DR t int@@A tot N tHE] iamenB0th maybri ne,

dried (Na2S09),pand rfé&nﬁﬁaié@él%@ HBGeFsd Q&uﬁgerp;s&sswrlﬁhlﬁwdzfl gation by

flash chronmato h i.lica 5% HOAc) gave
17°5 g (029  of LpEeqdar, EETRE bt il PRl £ Lol (had N

270) . 10 Exdhpl Enl5hiteneral/ NetRod RS geabblpinifsgtive and may
9, 5- met hanopr ol beani e, cannske: dEhydentlh iorvlandatimal® deqaxanhecLaigsy., H2 N 15 O

\CN The TEA sal §; of,nhde (a8, &o4ptefl. s \éaﬁma;)y Heghacesi ¢ quaternary
protected am no acl ds us ive a DL m xture

of diaster eoner%ceattattehémﬁﬁg%%%rﬁﬁlséﬁ%n%y%ﬁﬁ (fqu‘]’%]é) de“"s’iarvg‘ﬂlﬂedl ast er eomer
was chr omat ogr ap¥ecial® y Briekal dtyeaist Ranilly) + elawiddir®] mgsyaste he nitrile

22. Nitrile2?22 ywassahbabped byatneabieniafviddiaeasl goudihe POCL3/ i m dazol e
in pyridine at ?(,5 ZOC TM,ThElfl al tar e 23 \ﬁasggb.t“al gfaxotiy deprotection

lam
under acidic condp"fbl ons usi Irng- TFA™
zalcitabine (Hivid®, Roche) 21dovud1ne (Retrovir®,

Glaxo), indinavir sulfate (Crixivan®, Merck), saquinavir
(Fortovase™, Roche}, saquinovir mesylate (Invirase®,
30 Roche), ritcnavir (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 optionally employed in
combination with the DP4 inhibitor of the invention may

be 1, 2, or more of sulfasalazine, salicylates,
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Scheme 5, General Method CH- ,H/ \ a TFAHN | H 1YCONHZ ~~ OH BocHN 1(
13 OH ~H/~1"~"~N BocHN OH CONHy 21 H ~, Hc N TFAHYyN O H CN 23 22 a.
EDAC, HOST, DWMF b. PQOC13, pyridi ne, imdazole, -20C c. TFA, CH2Cl2, RT Step
1 BocHN N O CONHz Exanpl e Step 3 conpound (877 ng, 3.65 mmol) and N-Boc
cycl opentyl vi nyl am no aci d described in Step 4 of 10 general nethod B
(1.13 g, 4.20 mmol) were d| ssolved in 20 nL anhydrous DMF, cooled to 0OC and
to this mxture was added EDAC (1 62 g, 8.4 mvol), HOBT hydrate (2.59 g,

| 2.6 mml, and TEA (1.27 mml ) and the reaction was allowed to warm
tort and sti rr‘é%lsaflc?(‘“l% ﬁASEFFf%l@e V 0AY 152 Hiae®yr dBrastebi®ierdp in Et OAc
(100 m), washedquilith ,HZBi€B tay? Gembhplalfd®@dn( MadSOd) spandf ped iifd ed by

silica gel flaspycolypm, ChrRORLQQY @Bkawn(ﬂmhét 9@@) Lo gi ve L 38 0 (86~) of
Step 1 conpound ( MH+, BocHN N Y Step 2

Boc NN OCN 5 Step 1T1”ceoﬁ{§‘865df?“1 t§§a§ln% %%*erﬁlf‘BF?Sh%d“Prﬁhdﬁ%l‘%e(497 my,
7.30 Mol ) wer eceriatrlly evbleyrs drecetrbbwt(i®nniikh Dhe &P$sbhlvidditiom 10 nl

anhydrous pyri dopeshea@hedt {on 3CHENger2 Nidt ages cg@salaadrgmle? (2.23 g,
19.60 mml ) vas ggdgd BY-I¥ELBIme NE LEATAL QL MO KOS S LSS, 1 I
etidronate disodium (Didronel®, P&G3}, raloxifene HC1
{Evista®, Lilly), which may be employed in amounts
10 specified in the PDR.

In carrying ocur the method of the invention, a
pharmaceutical compesiticon will be employed containing
the compounds of structure I, with or without another
antidiabetic agent and/or cother type therapeutic agent,

15 1in association with a pharmaceutical vehicle or diluent.
The pharmaceutical composition can be formulated
employing conventicnal solid or ligquid vehicles or
diluents and pharmaceutical additives of a type '
appropriate to the mode of desired administration. The

20  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

25 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

30 magnesium stearate (15 mg). The mixture is passed
through a 60 mesh sieve and packed into a No. 1l gelatin
capsule,

A typical injectable pre?aration is produced by
aseptically placing 250 mg of compounds of structure I

35 into a vial, aseptically freeze-drying and sealing. For
use, the contents of the vial are mixed with 2 mL of
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10 and was evaporated to dryness and the remai nder purified by two
sequential flash colum chromat ographies over silica gel. The first colum
(100 EtOAc) was used to isolate the m xture of diastereoners (1.15 g, 88~)
fromthe by-products of the reaction. The second colum 15 (gradi ent of 25~
Et OAC/ hexanes to 50~ Et OAc/ hexanes) was run to resolve the m xture of

di ast ereoners and provi ded 504 ng of the desired Step 2 nitrile (M+360) .
Step 3 HZ N 20 OCN Step 2 corrpound (32 ng, 0.09 Mol ) was dissolved in 1
mL of CH2Cl12 and 1 g V\@ % the reaction.25 stirred for 30
nnat rt and mBsyﬁproc?rlgta d*to "ty 853” & BPodltt 4 ®purified by
reverse phase pPEpRREAL AP -col utm chr omat ography on a YMC S5 ODS 20 X 250 mm
colum to give 12 ny pf4 tiiwibFAosaddtifliyopbf |inzedohpomamategr tae i sol at ed

after evaporati Qﬂvglgtﬂ Cﬁ\gg B‘Qddégergnli!kga k?}p u\@et QfBQn eltrh%rl%ééhgszyq; le

conpound. Putifi.cation t1ons

met hanol / wat &r / 6YitaEA T GhoBBa s uRseF en%?‘F%{PfdlaF\}ﬁ?e?? grpifEpleRv &t 18 min: 5
m n. hold at 90#®P#et hanidbivdaterdd@istantesf [Kiorvedoesi cfacitdhe FPOW rate: 20

m./mn. Detecti @Hhmy@z%ngtfhthgZQV&tE&ammye%eBQea&me% prepes ed by the
met hods outllned %e eral, th d B and General Method C starting from
cycl opent anone, mgy}&? s&ﬁ&ﬁ ¢ycl"shexanone, cycl ohept anone,

cycl ooct anone, ci s- 3,4d|nethylcyclopentanone, and 9-pyranone, 10

cycl opr opanaet hphbefi @&adioal of apetdine, bapéeptidyanrepbidageegVectively. Table 2

gsR Hp35~36§ :Tg ;ZSN%%%E%Z%%%A% ;%Egg’ég&p 5 Lréél&%f %922141 gﬁ 288 )

conpound was pr épar et 1Y SEHETAbtIsH dE@EJr?Ib"’erd |Kﬁ FRYT ey Eﬁ ?_%tters 1986,
1281-12B9. Exanphemﬁﬂb!ﬁeS@epbﬂalned 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 to 60% saturation, and the precipitate was
collected by centrifugation at 10,000 X g and was
discarded. Additional ammonium sulfate was added to the
supernatant to 80% saturation, and the 80% pellet was

25 collected and dissolved in 20 mM Na,HPO,, pH 7.4.

After dialysis against 20 mM Na,HPO;, pH 7.4, the

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

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

35 mlL 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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CNF NHZ OOH FHN O 1 Boc - 69 Step 1 conpound was prepared enpl oyi ng
general nethod B starting from cycl opentanone and

2-fluoro-triethyl phosphonoacetate instead of triethyl phosphonoacetate. 5
Step 2 CNF NHZ O 10 Title conpound was prepared by the peptide coupling of
Step 1 acid foll owed by dehydration and final deprotectioh as described in
general nethod C[M5 (MtH) 278]. ]$ Exanple 41 CNF NHZ O Step 1 O ~CH F
NHBoc 20 Step 1 conpound was prepared enpl oyi ng gener al met hod B starting

from cycl obut ang e d of

triethyl phosphoggggg{l%% cfogggﬁ&at{édﬁ‘fag)é { ~§y@%\|§@?ﬁ_@t (TM X c%rrpound
was prepared by ‘tfe gepttilde E?)%pq?rﬁﬁnﬁfaé?%ﬁnfyﬁ‘él Lk d%hlré’WéHOWRi@ﬁiydr ation
and final deprovtectitremscdessriBedelnigbmetdlonmethaeh €o MEmdMdH)1264. 10

Exanpl e 42 St epmd1&QGi N@B@Eflééﬁgéminants. Purity of column
5 fractions was analyzed by reducing SDS-PAGE, and the
purest fractions were pooled and concentrated. Purified

enzyme was stored in 20% glycerol at -80°C.

Assay of Porcine Dipeptidyl Peptidase IV

10 Enzyme was assayed under steady-state conditions as
previously described (2) with gly-pro-p-nitrcanilide as
substrate, with the following modifications. Reactions
contained, in a final volume of 100 pl, 100 mM Aces, 52
mM TRIS, 52 mM ethanolamine, 500 uM gly-pro-p-

15 nitrecanilide, 0.2 % DMSO, and 4.5 nM enzyme at 25°C, pH
7.4. For single assays at 10 pM test compound, buffer,
compound, and enzyme were added to wells of a 96 well
microtiter plate, and were incubated at rcom 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-nitrcaniline production waé obtained
over the linear portion of each progress curve. A

25 standard curve for p-nitrecaniline absorbance was obtained
at the beginning of each experiment, and enzyme catalyzed
p-nitroaniline production 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 UM 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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Step 1 conpound was prepared enpl oyi ng. general nethod B starting from

cycl opent anone and tri et hyl phosphonopr opi onate i nstead of

triethyl phosphonoacetate. - 71 Step 2 CN 5 Title conpound was prepared

by the peptide coupling of Step 1 acid followed by dehydration and final

deprotection as described in general method C. M5 (MrH) 279 10 Exanple 43

‘CN Step 1 0 ~OH '~ NHBac 15 Step 1 conpound was prepared enpl oyi ng general

nmet hod 8 starting from cycl obutanone and tri et hyl phosphonopropi onat e

i nstead of trleth%%phosEhonoacetate 20 - 72 Step 2 5 Title conpound
*pep

was prepared by'itft ’r%%:ecé‘ﬁbeF’h’g‘al’ffloSFeﬁcﬁoséciP&Ia’F%?1 oed byI%fehydrati on
and final depr atiectingniasitesesi bech ifisgbeey ahanethoM,CrthbBe(Mnd 260. 10

Exanpl e 99 Gen%ro%lce%&QQiiorD:wa@kQ@&éé/@ el gavage a% yze@a&mwta%bguen_t by
ozonol ysis. The protected %% Fg§1¥|VIn¥ pl rd K g s tr ated with
ozone for 6 156 A"GAES AUt i Ve Ghehcth W R ®sodi um
borohydr|de5totﬁaﬁﬁ|Qﬁatﬁ%‘ﬁy@rékyﬁﬁiﬁ¥1téﬁaﬁERfQB4lﬂF?e%ﬂq%Flomhﬁgrconpound
was depr ot ect edtiunder cagheh i iG@ndhdn et t hvd FA uAcErz&l it iate 0C to give

the target commoung;25s,20

(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., Hino, M., Fuyamada, H., Hayakawa,
T., Sakakibara, $., Nakagawa, Y., and Takemoto, T. (1976)
15 Anal. Biochem., 74, 466-476.

The following abbreviations are employed in the

Examples and elsewhere herein:

20 Ph
Bri = benzyl

i

phenyl

i-Bu = iso-butyl
Me = methyl

Et = ethyl
25 Pr = propyl
Bu = butyl

TMS = trimethylsilyl
FMOC = fluorenylmethoxycarbonyl
Boc or BOC = tert-butoxycarbonyl
30 Cbz = carbobenzyloxy or carbobenzoxy or benzyloxycarbony;
HOAc or AcOH = acetic acid
DMF = N,N-dimethylformamide
EtCAc = ethyl acetate
THF = tetrahydrofuran
35 TFA = trifluoroacetic acid
Et;NH = diethylamine
NMM = N-methyl morpholine
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Scheme 6, Ceneral Method D, Exanples 44,46,48 NA a HO NA b HO N BocHN I\, /\
BocHN ~~,/\ TFAHZN O CN O CN O CN 22 24 25 a. 03, MeOH CHzd 2, 10:4, -78 C
then NaBHy, -78 Cto 0 C, 79%b. TFA:CHzCl Z, 1:2, O degrees C. - 73

Step 1 HO BocHN N O CN Cycl opentyl vinyl conpound prepared in Step 2 of
general 5 nethod C (1.2B g, 3.60 mmol) was dissolved in 56 nL of a 2:5

m xture of CHzC z: net hanol, cooled to -78C and was treated with a stream of
ozone until the reaction m xture took on a blue color, at which tinme, NaBH4
(566 ny, 15.0 4.2 € dded and the reactlon was warnmed to 10
0C. After 30 mrrﬂpéu e reagmf%ﬁr\ll\q\/\g’é fi][uenched with 2 nL saturated agueous
NaHC03 and t hen %‘F rfed’atléaii%“m'ﬂfbcﬁéﬁe{ll on mxture was evaporated to
dryness and takeboup pha&t@ic.oxAdsmal | anmount of water was added to

di ssol ve the |n@ggag|ﬁqegggl;rpﬁlé ayers separated. The EtOAc | ayer 15 was
dried (NazS04), tered_an parated to an oil that was purified by

fl ash col um chF% tod’r’ﬁﬁﬁ;‘f/g s(ldllﬂ?ghb%ﬁ‘mwot)ﬁrﬁ?&d:atrgo VE‘@ZZ gy (71%
of Step 1 conpol¥ercNBEWIEE 364 120 (St épimeti@LlMami N )@ rORyYSi ep341 conpound
(900 ngy, 2.98 nubhylombodisedde e drBchlorldeof CHZO z, cooled to 0C and

treated with ZOﬁ@%T(gr %%B&ﬁ?%hlylcu foxgggn;g¥§légg?erré??aﬁ%n was conpl ete

in 80 nin and the mxture was evap to dryness a purified by
preparative HPLEORYNC 1S§Y@ESX¥3’O7“>@ZPBB“%’irlf8°ﬁ’Fnute gradi ent 80% Sol v
A: Sol v B tolQ002yBer weBgeBol v erenzAt 14 080 Ne@Ho 90U V2% diAy Sol vent B =

90% MeOH 10% - FhosphdrdOm- hgxaﬂ%,rogggg&g&d product. from5.1-6.5 mn) to
give) after Iyoghl I I i zation fromwa 660 nmg (71~) of title conmpound, TFA

salt as a white tyopAPIAEES) (MH264). 5 Exanpl e 45 General Method E:
Oxi dati ve cl eavAger dfr v hgkr ésbstituent by osmium tetroxi de-sodi um
peri odat e fol |l oned Iitezodi um borohydri de reduction to al cohol. The
cycl obutyl ohefipny 26 r&’ﬁsi %Egg]]_; ed with osmumtetroxide and 10 sodi um
periodate in THF water, and the internedi ate al dehyde was i sol at ed
crude and |mTedfr”ateI"5}cF8&IbE%’Ei wi t h sodi um borohydride to give 27 in 56~
yi el d. Standar dgdepreimdsti on conditions using TFA afforded the target
conmpound 28. 15ppchenm {grRneral Method E, Exanples 45, 47
mol = mole(s)
20 mmol = millimole(s)
meq = milliequivalent
rt = room temperature
sat or sat'd = saturated
ag. = aqueols
25 TLC = thin layer chromatography
HPLC = high performance liquid chromatography
LC/MS = high‘perﬁormance liguid chromatography/mass
spectrometry
MS or Mass Spec = mass spectrometry
30 NMR = nuclear magnetic resonance

mp = melting point

The following Examples represent preferred

35 embodiments of the invention.
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N HONHONa _ b BocHN BocHN TFAHyN O CN O CN O CN 26 27 28 a. GsO-,

rt HF: HyO, 1:1; NalO4; workup,then NaBH4, MeOH, RT. 56%b. TFA CHzCl Z, 1.2,
O degrees Cto RT. 20 _ 75 _ Step 1 5N-Boc protected cycl obutyl vi nyl
conpound (Exanple 31, prepared by general nethod C) (0.16 g, 0.4'6 muol)
wasdi ssolved in 10 nL of a 1:1 m xture of THF:water andtreated with 0s04
(12 ngy, catalyst) and Nal09 (0.59 g,2.76 mol, 6 equiv). After 2 h, the
reaction m xturewasl1lOdiluted with 50 nL of ether and 10 niL of water.

Thel ayers were equilibrated and the organic fraction waswashed one tine

wi th NaHC03 sol ution, dried over Ngscﬁgﬁﬂ%ﬁiéentrated to give a dark oil.
The oil was dilutedwith 10 nL of nethanol and treated with NaBH9 (0. 08
g,2.015mmol ). The m xture turned very dark and after 30 m nwasdiluted with
et her and the reaction was quenched w thagueous HCO03 sol ution. The

m xture was equili bratedandl ayernqgaseparaged. T rgani c fraction was
washed withsol utions of NaHC03 and 0, HC1. yThe|or gani cs were20dri ed
(MyS04) and concentrated to give 90 nfy (5 ofhtheStep 1 conpound as a dark
oil. Step 2 25 - 76 Step 1 conpound 0 L 0.26 Mol ) was dissol ved -
in 3 nm of CH2AZ, cooled to OC and treated wNfh 3 niL of freshly distilled
TFA. The reaction was conplete in 80 mn and evaporated to dryness and
purified by pregaragﬁve HPLC 5 (YMC S5 OpS 30 x 100 mm 10 mi nute gradient
100%A to 10098, SH vent A = 10% MeOH 909%H20- 0. 1% TFA, Sol vent B = 90%
MeOH 10% H20° - 0. 1% TFA, to give, after rermoval of water, 50 ng (60% of

title conpound. (MH+250). 10 Table 3 OpRn C Met hod

of Exanpl eRPreparati on[ M + H] Ozonol ysi s/ 44~

Hbor ohydri de26qOsmi unl peri odat e/ 45 Hbor i de2500zonol ysi s/ 46 HO
f bor ohydri de2~8Csm um peri odat e/ qy~ COOEt

Hoor ohydri de2g20zonol ysi s/ bor ohydri de48292HO 7 7 .. Exanpl e 49

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 following modifications. L-pyroglutamic acid ethyl
ester was N-protected as the t-butylcarbamate (Boc,0O, DMAP
or NaH} and then dehydrated to the 4,5-dehydroproline

15 ethyl ester in one pot by carbonyl reduction
(triethylborohydride, toluene, -78°C) followed by
dehydration (TFAA, lutidine). The title compound was
obtained by cyclopropanation of the 4,5-dehydroproline
ethyl ester [(EtsZn, ClCH;I, 1,2-dichloroethane, -15°C). A

20 more detailed protoceol is as follows:

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

temperature. After 6 h, the mixture was quenched with
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5 Step 1 Part A A 50-nL flask was charged with di hydro-4,9 10

di net hyl -2, 3-furandi one (5.0 g, 39.0 mmol), acetic acid (10 nL), sodium
acetate (3.82 g, 39.0 mmol ) and hydroxyl am ne hydrochloride (2.71 g, 39.0
mmol ). The reaction mxture was stirred for 2 h at rt and concentrated
under reduced pressure to renove nost of the 15 acetic acid. The remai nder
was poured into water (100 nL) and the aqueous phase extracted with Et QAc
(3 X 40 nmL). The organics were dried over NaZS04 and concentrated to a
colorless oil which solidified on standing. 20 Part B. A 200-nL round
bottomed flask G&SIEHELGEGIN tHdPE&PE A STHU PP IF IS} cani & Put ed with
80 nmL of ethanobnangh3@rat ofrANHHELs(IB: namll):a Jhe dqulatdr o Waiss<t r eat ed
with 1.0 g of 5 d/ car t m xt u ed.. T a s pl aced
under an at rmspﬁ%g Oa%? Pq\] EQ)E? “Hhe ﬂ%gﬁ?% ?/\%lsd ?%Ppgr%%t Vgﬁr ough
celite and the ﬂrBchatLerpw@nqbtma‘ﬂatCedcm A yef Esihit b 161 Bd. 0-6780l)  Part
C. A 250-nL tou bot t K char th r § di |l uted
W th TiE (50° mang vataed 18 A R e e B h i

di -tertbutyl di carboresd erl(tmzl?tlglumnlﬁﬁwl)bcafm&}@édql%rﬁaﬁﬁbi“éa@%o%d{ @ (10.0

g, 117 mmol). Ajtesid sh @f{F$tér'ici|a'lﬂie¥jh8r6@vX1tslér avw@ss»cdlnllu,heaswmteﬁo m_ of
ether and 50 nL_of water. H %4? g ted and th ani c
fraction dried SvBr MfSdxtafd eolidenttat &d’ re%? & oRas” %rﬁl ed by
flash col um chrtobntwgt &pyhpMph 1.2 ga getl}(}ll&)mmlt}h 303~tFErti@6.t91mm?ﬁexanes to

give 2.00 g[22;_9v 0 a }\(\leté?ac'igbhd Step 2 15 To
a stirred séf)utl o% %Fééét 2559%* ﬁ)ﬁgogang (quq %%d t in “Ir'?—F (20 nL) at

rt under nitrogéhlowed éddéémﬁlmarﬁ‘%teaf:e&?@ef@t@fe?w r%ﬁl) Thd then wat er
(5 nL). The reaﬁl&k@@ré/\@%sshh[ﬁ@éb ati t90E:bms dhdSwhtancartchenecooy@didso 20 rt.

The m xture was concen ted ss and the r i t ped from
THE (2X), tol uel& ¢ 2" e VR ngmﬁﬂrh‘éa‘%eerrfal Aguesl) AR Re O

mL of THF and t beatedn tdripdi mm@p@ (amldaglgteagedlghﬁﬁwl) F JUloGRdIBY

t-butyl - di mgg hy%%!;yéo hhverhds § 126 t8e 8rdk 25 SQHDE))dro-Bi%lﬁ_ﬁéCéttm vas
stirred overnight and dquenched with 10

stirring the m RFGFE ‘%/{H’st (‘f’éﬁc@‘h’f’rfdteé]dbyAﬂl%ﬂ’dlctOESﬁﬁl C}brooﬂat%ﬁra?h}ﬁec%anol
was added and tbBelptxtdsle wiehceni rethed. addes:lhewasesli fautsddewl 2h @t her and
0.1 NHCL (pH 2 Th were equilibrated and aqueous drawn off.
The organic _ 35% of tha%gt ?g%rqwas dried over MJS09 and concentrated to
give 1.25 g (83~) of Step 2 conpound as a colorless glass. Step 3 5 The

Title conpound was1pfepaRdiby dhe pepehderdauplrongnefetStyape2tear boxylic
2010 ot XA 0o S aTLnE  hgueg by, Syl gl on angdompal ot on
Cat al yti ¢ Hydr ogedati on @fsodiahydn SQﬁbS’itelaFuﬁmzn A35 shain Oi- RO 8chele 18 1t he
protected Vlnylllter of 1,2-dichloroethane at -15°C. To this mixture was
added a dropwise addition of CICHpI (102 g, 0.58 mol) over
25 1 h and the mixture stirred at -15°C for 18 h. The
reaction was quenched with saturated agueous bicarbonate
and the solvent was evaporated and the reacticn 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 title compound.
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substituted amno acid 20 was transforned to the 15 correspondi ng saturated
anal og 29 by catal ytic hydrogenati on using 10s Pd/ C and hydrogen at

at nospheri c pressure. Scheme B, General Method F, Exanples 50-56 - BocHN OH
a BocH-OH O O 20 29 2~ ~ a. 10%PdIC. 1 atm H2. MeOH 12h. 100% Step 1. The
N-(tert-Butyl oxycarbonyl) (1 vinylcycl opentyl)glycine (2.23 g, 8.30 mmol)
was dissolved in 50 nL MeOH and pl aced in a hydrogenati on vessel purged
with argon. To 25 this mixture was added 10% Pd-C (229 ng, 10~ ww) and the
reaction stirred under 1 atmHz at rt for 12 h. The reaction was filtered
through celite ‘and éoncentrated and - 80 rified by flash col um
chromat ography on silica gel with 1TBApeHNan CH2Cl z to give the Step 1
conpound as a glass. (FAB M+ 272) 5 Exanpl es” 50-56 were prepared by the
pepti de coupling of am no acids (where t nyl substituent has been

. hydrogenat ed according to general nethod ?? % ol | owed by dehydration and
deprotection as described in gene Table 4 Rz C R~ HyN NC
Exanpl eRl, RZMSrg liMstirred solutlon of Step 1 compound (411 mg, 1.61

et nyl 23055t HIT. ety SRISBIEt ) ny) 065 S8 BRarDY o R N = i

he reactlon mlxture was stlrred at rt for h and

evaporated. The residue was diluted with CH;Cl; and then
evaporated and re-evaporated three times to give the

title compound as a colorless oil, 433 mg, 100% yield.

10 Step 3.

BocHN Iy

COOEt

To a stirred solution of (S)-N-tert-butoxycarbonyl-
isoleucine (372.6 mg, 1.61 mmol} and benzotriazol-1-
yloxytripyrrolidinophosphonium hexafluorophosphate (1.25

15 g, 2.42 mmol) in CHyCl; (6 mL) under nitrogen at rt was
added 4-methylmorpholine (NMM) (0.36 mL, 3.2 mmol).
After S min, a solution of Step 2 compound ({433 mg, 1.61
mmol) and NMM (0.27 mL, 2.4 mmol) in CHxCl; (1 mL) was
added. After addition, the-reaction mixture was stirred

20  under nitrogen at room temperature overnight. The
reaction mixture was diluted with CHzCl; (40 mL} and
washed with 4% KHSO:(10 ml), aqueous NaHCO3(10 mL) and
brine (10 mL), dried (Na;S04). and evaporated.
Purification by flash chromatography (1:4 EtOAc/hexane)

25 gave the title compound as a colorless oil, 530 mg, 89%
vield.
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The title conmpound in Exanple 57 was prepared by the peptide coupling of

t he i sopropyl cycl obutane amno acid - 81 (where the ol efin substituent
has been hydrogenated according to general nmethod F) followed by
dehydration and deprotection as described in general nmethod C. 5 Exanple 58
N, NHTp OCN The title conpound in Exanple 58 was prepared by the
peptide coupling of the isopropyl cyclopentane am no acid 10 (where the

ol efin substituent has been hydrogenated according to general nethod F)
fol |l oned by deh¥dration and deprotection as described in general nethod C
M5 (M+H) 276 15€Bnéral Method G L- Anminp acids synt hesi zed by Asymetric
Strecker Reaction. Commercially avail| abl ¢ adamantyl carboxylic acid was
esterified either in MeOH with HCl at | ux or using

trinmethyl silyldiazonmet hane i n Et 20/ et panol gve '30. The ester was
reduced to the 20 al cohol 31 wit Rodt [ t hen subjected to a Swern
oxidation to give al dehyde 32. Al dehyde 32 ransfornmed to 33 under
asymretric Strecker conditions wth KCN °Nebega and R-(-)-2-phenyl gl yci nol .
The nitrile of 33 was hydrol yzed under strongly acidic conditions 25 using
12M HC1 in HOAc to give 34. The—chiral auxiliary-was renoved by catalytic
reduction usingPgact B seatial¥stod Brapi i ConpRiRanodzainder 1504 psi

hydrogen to give and, t resultin IO r .as the

tbutylcarbanatémP§§gf93m§gf(éongéﬁ“pH%gLﬁgﬁ%%9ggé§%§?§Igkggﬁggi%f Exanpl es
59-64 a b HYCOXEPONG 30,37 OH B~ The HECTROBENLXNICORRS 1Stierqq | / ~ H
HCl 33 34 t HClatHeN &yl BOE- Hhh GO=hhc3at86. a Watar W(AH mIHmasO0adied RT, 96%

b. O COCCC, DNYRO hg'%%géh - 084Gzt _Ridn)eoPhenyhel e nolgnNaHso3,
KON d. I 2M HOr . HORDS 6o s SR e 20% PA( O 2 50,3, HesoleCH HOMC,
5:1 f. (Boc)ZO29sers, Lyif, wgsyacHisisss *8 g 1 n ¢
dropwise. The milky solution was extracted with EtOAc
10 (1S mL x 3). Combined EtOAc layers were washed with

brine, dried over Na.50; and evaporated to give the title

compound as a white solid, 440 mg, 90% yield.

Step b5

Bo¢HN

o
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 isobutyl
chloroformate (0.13 mL, 0.97 mmol) over 2 min. White

20 precipitate was formed. The reaction mixture was stirred
at -15°C under nitrogen for 25 min and a solution of NH;
in dioxane ( 8.8 mL, 4.4 mmol} was added. The reaction
mixture was stirred at -15°C for 30 min, warmed to rt and
stirred at rt overnight. The reacticn mixture was

25 guenched by 4% KHSO; to ~pH 4 and extracted with EtQAc (20

mL x 3). The extracts were combined, washed with brine
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5 10 15 Adamant ane-1-carboxylic acid (10.0 g, 55 mml, 1 equiv) was
dissolved in a mxture of EtzO (160 nL) and MeOH (90 nlL), and was treated
with trinmethylsilyl diazonmethane (2.0 Mih hexane, 30 nL, 60 nmol, 1.1
equiv) and stirred at rt for 3 h. The volatiles were then renoved by rotary
evaporation and the product purified by flash colum chromatography on
silica gel (5x15 cm wth 40~ CHZCl2/ hexanes to give the product as a white
crystalline solid (10.7 g, 1000 . - B3 Step 2 OH Step 1 conpound (10.7
g, 0.055 mmol, V), wa di.ssolved in anhydro THE (150 under
argon and was teleozﬁlg& \%‘\Ar%?lga&s%ﬁ“t%i SHSO?VﬁO,&IaﬁéQ(luEIS\%lElﬂg{ ,O%g’%)rn_, 69
mmol , 1.25 equifdasharpepmstghinomagoaranty fidr 1 1EE0AT/hepane batticohdas cool ed
to OC and quencthied eseghipatindldsy awwk ht dHXba@b. 168ring, 5% ateNaOH (5.1 nl),
and HzO (10.2 nlL). 10 After stirring at rt for 15 mn, the slurry was
vacuumfiltesred an% the solids washed with Et QAc (2x100 nmL). The filtrate
was concentrate%teéi/ rotary evaporation and the resulting solid purified by
flash col unm chronmat ography on silic (5x15 cm) with 10% 15

Et OAc/ CHzZC12. This afforded the Step oduct as a white solid (B.79 g,
96% . Step 3 OHC 20 An oven-dried 3-nefk flask i pped with 125-niL

addi tion funnel was charged with %ﬂﬂ/ r (150 nmL.) and anhydrous
DMSO (10.3 ni, 0.195 nol, 2.5 equiv) undeér a at nosphere and cooled to
-78C. Sl ow dropwi se 25 addition of oxaly@ cH oride (6.7 nL, 0.0768 nol,
1.32 equiv) followed by stirring for 15 m n“br ovi ded an activated DVBO
adduct. This treated wt .sol ution _of (967 g, 58.2
nmol , 1 equi v\)Naf% adrséléﬁﬁgﬁol’ﬁluggoﬁtyga% B ﬁe%ﬁa%‘%iéggggﬁrrggkdl th(% stir for 1
h. 30 The resul®iqlg wWhdt éniia@qire (WAsEhen 38r BBeEd 1dr BpWi B WU
triethylam ne (4 mINLat0-29t oplier hieqoygeh . wa taeided BACL; (B02¢nnmd;, t he
cooling bat |y was_yenmyed. aasdhihe repctinn qugnehad sequsniialdes wWith cold
20~ aq KHzPO9 (25 nL) and cold Iﬂ-@p %150 n). After Sttl ryi ngﬂactl réléor 15
mn the mixturePTHE® rdeed Wi A% E 267 (40b IS 8P THE 9%y er 82 wgr

separ at ed. The wkigawiscadved exrwashéte opepariicd tateh woled feomedq KEEPO4 (3x150
m.) and satd agrNaGlat(bQ) Phd .rilRea0E ga ConvererafddedniNai bl ed biyl t ered

and concentrate he rg%gﬁgeré%% gyg%fétﬁggt)%ﬁ%g%ts)ggggl#gg gﬁgq@%ggraphy
st

on silica gel (5510 ¢y Wi g : conpound as a
white sol i d1¥ 9. agrpungigay . a StEprdepe-oN-CN°A 18 St¥p Y3®¢Bnpound (9.90 g, 57
nmmol, 1 equiv) was suspended in H20 (195 nL) and cooled to OC. The m xture
was treated vvitglté\[!aHSOS (5.95 g, 57 mol, 1 equiv), KCN (4.0 g, 59 mmol,
1.04 equiv), and a solution of (R)-(-)phenylglycinol (8.01 g, 57 mmol, 1
equiv) in MeOH (55 20 nL). The resulting xture was stirred at rt for 2 h,
then refluxed for 16 h. The m xture was oled to rt, and 200 nL of Et OAc
added. After mxing for 15 mn the |ayerg were arat ed. The aqueous
fraction was extracted with Et OReA THe i DR OAc extracts were 25
washed with brine (50 nlL), dried over anhyfro ZS04, filtered and the
filtrate concentrated. The product was pum fi by flash col um
chromat ography on silica gel (6.4x20 cnm) w tMC20g Et OAc/ hexanes to give the
desired (R 9 Jforoduct. as a wiifte solid (IL.6 g, 37,4 mol, 6504): 30 M5 nle
311 (M+H) . 0 a stirred solution of Step 6 compound (130 mg, 0.

20 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 NaHCOj
(3.8 g) in Hy0 (3 mL). The mixture was extracted with
CH-Cl, (6 mL x 5), and the combined CH:Cl, layers were

25 evaporated and purified by preparative HPLC to give the
title compound as a white powder, 77 mg. 57% yield, mp =
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- 85 Step 5 HO- HOI ~ N COyH H The Step 4 nitrile (5.65 g, 18 mmol) was
heated in cone 5 HC1 (120 nL) and HOAc (30 nmL) at 80C for 18 h, at which
time the reaction was cooled in an ice bath. Vacuumfiltration of the
resulting precipitate afforded the desired product as a white solid (5.21
g, 14 mol, 78%. MS nme 330 (mH)'. 10 Step 6 HC HpN COyH The Step 6
conpound (5.21 g, 14 mol) was dissolved in 15 MeOH (50 nL) and HOAc (10
m.), and hydrogenated with HZ (50 psi) and Pearl man’ s catal yst (20%

Pd(OH) zZ, 1.09 ¢ ot The reac iltere rough a
PTEE honbrane {1 Cer aht THES ACATy St ViERBaE VL If SORer t3oe ity he
filtrate was cofdehticat ébebyesiotear yompayot-ati on 20 to afford a white solid.
The product was used in Step 7 without further purification. Step 7 BOC- HN
~CQZH 25 The crude Step 6 conmpound (@:14,51®@!) was dissol ved in anhydrous
DMVF (50 n) émder argon and treated - 86 (5.90 g, 92 mmol, 3
equiv) and di-tert-butyl dicarbonate (3.14 g, 14 mml, 1 equiv) under argon
at rt. After 19 h, the DWF was renoved Mary evaporatlon (punp) and the
residue dried further under rediRfed. pi.8 N ‘5 residue was mxed with
H20 (100 nL) and Et20 (100 nl), the |ayefs segaraled, and the al kaline
aqueous with EtzO (2x100 nL) to renov e by duct fromthe

hydr ogenol ysi s step. The aqueous was cool pdnNco OC, diluted with Et OAc (200
m.), and stirred vigorously while 10 caréfully acidifying the agqueous to pH
3 wth 1IN ag HC1. The | ayers separ s extracted wth Et CAc
(100 nmL). The cg dljj ned Et OAc extracts were washed with brine (50 nL), dried
(NazS09), filtered and the filtrate concentr@ted by rotary evaporation. The
residue was 15 purified by SiOz flash BeANIm\g 5x12 cm) w th 5% MeOH CHzd z
+ 0.5% HOAc. The product was chased wth jnexanes to afford the product as a
white foam (4.07 g, 13 mmol, 92%: I\/ISn{:0 O (mtH)'. 20 Exanple 59 TFA HZN
HY NC The title conpound in Exanple 59 Was prepar ed by t he peptide coupling
of the Step 7 conpound in general nethod 25 G followed by dehydration and

deprot ection assggﬁcthQQeiBmﬂﬁﬂﬁﬁﬁbageéyﬂgké;iwgdn%ﬁ:ﬁggo@ﬂﬁﬁﬂﬁhe__ 87
10 literature procedure. [Stephen Hanessian, Ulrich
Reinhold, Michel Saulnier, and Stephen Claridge;
Bioorganic & Medicinal Chemistry Letters 8 (1998} 2123-
2128.]

15 Step 2
0

TFA . HzNHHv«’u*uu e

NC

Iﬂ';

\\V/BMm

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 ion [(M+H)* = 222] for the desired compound.
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Exanple 60 HO N N O NC Step 1 5 HO BOC-HN COyH A sol ution. of Kw04 (337 ng,
2.13 mol, 1.1 equiv) in 20 ag KOH (6 nm.) was heated to 60C and Step 7
conmpound in general method 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
cooled to 0C, EtOAc (50 nL) was added, and the m xture was careful ly
acidified to pH 3 with 1IN HCL. The | ayers were separated and the agueous
was extracted with EtQAc (50 mL). The conbined organic IS extracts were
washed with brine, dried over Na2509, . ;rL'leer%d and concentrated. The
residue was purified by flash col um c-%roéw-at—ography on silica gel (3.8x15
cm with 2~ (200 nmL), 30 (200 m.), 9~ (200 _nm), and 5~ (500 nL) MeOH CHzC12
+ 0.5~ HOAc. After isolation of the 20 proguct, the material was chased

wi th hexanes to afford a white sHCI difN324 N2R M5 me 326 (mkH)' . Step
2 25 HO BOC-HN N O O NH2 - 88 The Step 1 cpnpofind (409 ng, 1.29 mol, 1

equi v) was dissolved in anhydrous DV 0 nm) r argon and cooled to OC
The followi ng were added in order: Exanplye 6 S;g! p 3 salt (328 ny, |.37
mml, 1.1 equiv), HOBT (520 ng, 5 3.85 |, 371 equiv), EDAC (510 ng, 2.61

mmol, 2.1 equiv), and TEA (0.54 nl, 3.85 mmol, 3.1 equiv). The reaction

m xture was all d.to warmto rt overnight and the DVF renoved by rotary
evapor ati on (pu%lpg)ep. ]'I'he r emai nder vvag@i[i ed.further under vacuum The
residue 10 was dissolved in EtOAc (1 Y, shed with satd ag NaHC03 (50
m.) and satd aq NaCl (25 nL), dried over ous NazSO4, filtered and
concentrateds by rotary evaporation._The product was purified flash colum
chr omat ogr aphy il .G i radhent 6s (20D ),
7~ (200 m), anéc}na $1§§gl% On(l&é&%;i é%ﬁ%rpzreygyg?\%}gt%glg%ﬁ%%@as a white
solid (460 ny, 1'CEAIER, PEREUIRE 'L 134 D¢ nlieh ireverepUsS 2P 412 Fhe Step 2
conpound (95 nut.®3225Ambl, 1 equiv) was dissolved in anhydrous CHzZClz (2.5
m.) under argon and cooled to -78C. The m xture was treated with 25

di i sopropyl hyle mne (65 ~xL, 0.37 mmol, 1.7 equiv), and triethylsilyl
triflate (75 (~L, 70.°33 nmol, 1.5 equiv), agd stirred at OC for 1.5 h. The

/7P

reaction was m xed with
BocHN\_/ILN H
/\‘ ];:H : :

To a stirred solution of (8)-N-tert-butcxycarbonyl-

iscleucine (231 mg, 1 mmol) and benzotriazol-l-
yloxytripyrrolidinophosphonium hexafluorophosphate {780

15 mg, 1.5 mmol) in CHpCl, (6 mL) under nitrogen at rt was
added 4-methylmorpholine (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 nitreogen
at rt overnight and then diluted with CH;Cl, (30 ml),

20 washed with 4.1% KHSO, (10 mlL), aqueous NaHCC; (10 mL),
brine {10 mL), dried (NazS04) and evaporated.
Purification by flash chromatography on silica gel (2.4 x
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

compound.
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MeOH (0.5 L), silica gel (200 ng) and H20 (2 drops) and stirred at rt for
18 h. The sol vent was renoved by 30 rotary evaporation and the residue
purified flash colum - 89 chromat ography on silica gel (2.5x10 cm) with
9% MeOH/ CHzCl z to afford the product (92 ng, 0.17 mmol, 77%: M5 me 548
(mtH)~. 5 Step 9 Et~Si O BOC-HN NY O NC The Step 3 conpound (90 ng, 0.16
nmml, 1 equiv) was dissolved in anhydrous pyridine (2 nL) under argon and
10 cooled to -30C. Treatnent with imdazole (29 ng, 0.35 nmol, 2-.1 equivV)
and phosphorous oxychloride (66 )xL, 0.67 mmol, 4.1 equiv), and continued
stirring at -30C for 95 mn gave a thick slurry. Volatiles were by rotary
evaporati on andStége Take dried further under reduced 15 pressure. The
product was purified by flash colum chro ography on silica gel (2.5x10

cm) with 7% Et OAc/ CHZC12 to af f omeit lugn # white foam (76 ny,
87%: M5 mle 530 (mtH)~ 20 Step 5 HO ~ TEA Hp NC The Step 9 conpound
(76 ng, 0.19 nmmol) was dissolved in a r ous z (1 n.) and cooled to
OC and treated with 25 TFA (1 ) and (2 dr ps and stirred for 1.5 hr
at 0C. The solvents were renoved by rota y evapbrati on and the residue was
chased with toluene (5 nL) and dried under reduced pressure.

Trituration with Et20 afforded the t|tIe C qﬁﬁ%nﬁﬁg mhlte SO id (54 ny,
RECoR:

88~): Ms mfe 316"FrgHction Bxah% °61°ESH &ep? 1 BOC-HN N O
10 p NHy An 6venmdi] exhd l[dagkHpluriged iwnikehe atlgdn mivasé ciealgedawi $himrdsy dr ous
CHzCl z (3 L) apd oot ot @ 2/8GvapoRatBBNinder reduced pressure. Et;0

was added to the residue and a precipitate was formed.

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 4-4A

15
9]

(Example 4) (Example 4A)
Step 1
H)N:> | HN |
5 + | 2
-||||{f' ‘:.
NC NS

Step 1 title compound, as a 1:1 ratio of enantiomers, was
20 prepared by following the literature procedure. ([Willy
D. Kollmeyer, U.S. Patent 4,183,857.}
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wi th diethylam nosul fur trifluoride (DAST, 60 ~tL, 0.45 15 nmmol, 1.5
equiv), followed by a solution of the Exanple 60 Step 2 conpound (131 ng,
0.30 mmol, 1 equiv) in dry CHzZC12 (3 nL). After 15 mn, the reaction was
poured into a separatory funnel containing satd ag NaHC03 (25 nlL) and the

| ayers were separated. The aqueous fraction was 20 extracted with CHz( z
(25 nL), then the conbi ned organic extracts were washed with brine (10 ni),
dried (NazS04), filtered and concentrated. The product was purified by
flash col um chgesmtography on silica gel.(2.5x10 cm) with 5~ MeOH CHZOA Z
to give Step 1 conpound (129 ng, 00.29 25 mol, 94~) o M5 nfe 436 (mH)"'. -

91 Step 2 F BOG HN NY ggcmc\mﬂ\fl ori nat eg“@m@k\rom Step 1 (161 ny,
iy anhydrous Byri dfne\(4 nL) under

0.37 mml, 1 5 equiv) was dissélve ) E
Was treat wi t hi~ipi¥azol e (59 ny,

argon and cool ed to -30C. Ther.xt /

0.77 mml, 2.1 equiv) and phosph us oxychloride Y19& ~L, 1.52 mol, 4.1
equiv) and stirred at -30C for/40 mn. The sol vent was renoved by rotary 10
evaporation and dried further under reduced pressure_ The product was

purified by flaghscoliymaChEprptQoraphyootasibh ﬁ-%l(e%c%éoés@z'% with 5~
Et OAc/ CHZA Z tom(gl v§4t he §§:ep1_2 Eq ou?r\lﬁ_‘gs) a. Lte f a}rp3(_l 26 ng, 82~): M
me 918 (mrH) ~. "5 StefTSTE W TEA FEN'RY O/ REHHR Pl’s‘ipevﬁ 2>conpound (125 ny,
0.30 nmol) was @Fksblaregdipamdde TPANGHZ O 4 mopl] eng HOAT(PA - 4nepstli-dred at
rt. After 30 mimpoblhersallcepdmscwer® ¥ enpvess byt irebar yn@rapatabion,ad he

remai nder was chas i §.h (2x t i ' under
reduced pressure. j%srjﬁ }t%utpét Fg‘%\ry\%}%ﬁ Et g%r[%%%ng?ggé _?‘fﬁ’e?izt ﬂ‘ggyoqrrgag’und as a
white solid (93390 5221 1o8edmy Etmoi0- NE Fre B8 M) ° . The 92 Exanpl e
62 TFA HZN NY OcNG-tSteepmlxbuGH vBoc HNi &rdhernSeepnit ommpoandrwas prepared
begi nni ng wigh gadanmymanah ansh eliabecated it eutde honpohi rakyBacyam no acid

by "an asymret ri ¢ Stregker synthestsagqer & Pe Lo s10,geNerd) method G Step

(Na;5Q4) and evaporated. Purification by flash
chromatography on silica gel (2.4 x 12 ¢m column, 2:7
EtOAc/hexane) gave the title compound as a colorless oil,

15 33 mg, 51% yield. LC/MS gave the correct molecular ion
[(M}H)+ = 32%2] for the desired compound.

Step 3
(o]

0
TFA - HZN\_JLN TFA - HZN\J\N
- 5+ ;
. ---u’
NC N

{Example 4) (Exampla 4A)

"lf

ﬂlha

\)”M

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;O (1 mL). The mixture was

25 extracted with CH;Cl, {2 mL x 5), and combined CH;Cl,
layers were evaporated and purified by preparative HPLC

to give the title compounds as a 1:1 ratio of
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TFA HoN NY O NC 15 The title conpound in Exanple 62 was prepared by the
peptide coupling of the 2-adamantyl amino acid described in Step 1 foll owed
by dehydration and deprotection as described in general nmethod C M5 (MH)
300. - 93 Exanple 63 N / TFA Hz ~N OCN Step 1 S H-COyC An oven-dri ed
flask equi pped with a condenser and drying tube was charged with

nor bor nane- 2- carboxylic acid (4.92 g) 35 mol, 1 equiv) and treated with
bromne (2.1 nm, 41 10 nmol, 1.15 equiv) and phosphorous trichloride (0.153
m., 1.8 mmol, egui vi T xt he a G f.or rotected
fromlight. Ad %I oﬁg o 25 IElt’lé) oy ngié %tcefgjs E@é v?rf/\%%tpadded
with continued “}ﬁ’ééﬁph@rﬂd’rﬂ 1 H+Hrrhe ﬁ?—%-’c e w&g deviisd FB”‘P‘?““%d Et 20 (100
m.) 15 was added. The m xture was washed with 10~ aq NaHS03 (50 ni), H20
(2x50 mL), and brine (25 m.). The eihgef.flsagtion was dried (Na2S04),

filtered anc; concentrated by rot ary—e_aep‘O‘rﬁr‘o‘h The product was purified
I

by flash col'uim chromatograpfy on silica gel (5x15 cm) with 2~ to 9~ 20
MeOH CHzCOl Z + 0.5~ HOAc. The product was chased vvlth he anes to renove
resi dual HOAc. The TF@OI’!&T’ r al consists &Rt ble materials
(4.7 g), which was used t her pand ficatia gxt step. Br
HyG02C 25 The crude prod uc an: m above, exo-2~ br orrgh>r ROY nane- lcar boxylic
acid (4.7 g, inpure) in Et20 (80 nL) and MeOH (20 ni)/ was mixed with

trinmethylsilyldi azonet h@resl8.9) M i n hexane, 11. 8(Exerpl2358 nol ), and
stirred at rt for 1 h. - 94 Sol vent was renopved by rotary evaporation,
and purificatiotesf ithe oil by flash colum chromat ography on silica gel
(5x18 cn) with a gradient of CH¥ hexapes HBOO each of 200 and 30%)
foll owed by CHzCl z afforded 5 the pryduct as 4e solid (3.97 g, 0.017
mol, 79~ for 2 steps): M5 nl eygS3/ (m+H)N~$ C Met hyl
exo- 2- br ononor bor nane- 1- carboxyl ate (2.0 g, % 58 10 mml, 1 equiv) was
di ssol ved i n anhydrous THF ( —neck flask equi pped
with a condenserrq aapdl pti ged WEkhmprgan. SThe Inocirr@penwasll’tor egtedl. Wt h Al BN
(288 ng, 1.141 muplyy 9n 2 G GhoaNes td iyt Vi hd rracméqr Ng@N(&dBm@L 118. 87 mmol ,
1.5 equiv), andthen heate to.15 reflux for g ?/fgf vas gooledto
rt, and the THEMfL - re%‘?/e’ifaﬁ)?l%t%’r’ﬁfué\?a%?a’fef r?dt Cgf Ve the“Er tde
pr oduct. The priodudf teasceridingi &d by, fuhgsheeot iam "éKEBRAt'GEr aphy on silica
gel (SxI O cm) widihpBraEtPAGhexanesiudhedr esuttjongsater i alftwas used in the
20 next step w thout, further pu&lcf% eaua%n dSQF; %@;Ig 29.The Step 1
or bon car boxyl at e and

conpound was prepared begi nnin
el abor at ed Yo tqi@?hénﬁ@W?%dsBééda}FﬁwlﬁcPd ‘?Palncgglﬁﬁh’écﬁl & & Pdcker
synt hesi s accordisngatoagenemalztores hotl ddastereomers, each as a racemic

mixture.

Step 2

”lu

QHIO
=

BocHN : BocHN

A slurry of (S)-N-tert-butoxycarbonyl-isoleucine (595 mg,
2.57 mmol), 1-{(3-(dimethyl)amino)propyl]-3~
ethylcarbodiimide (493 mg, 2.57 mmol} and l-hydroxy-7-
azabenzotriazole (350 mg, 2.57 mmol) in CLlCH CHxC1 (2 L)
25 was stirred under nitrogen at rt for 1 h, then Step 1
compound mixture {139 mg, 1.28 mmol) was added. The

20
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- 95 Step 3 TFA HYN N O CN The title conpound in Exanple 63 was prepared
by the 5 peptide coupling of the 1-norbonyl am no acid described in Step 2,
foll owed by dehydration and deprotection as described in general nmethod C
M5 (MtH) 260. Exanple 69 O F1I12N N 10 O CN Step 1 O BocHN OH O 15 The Step 1
conpound was prepared begi nning with 9fornyl pyran and el aborated to the
honochi ral Boc am no acid by an asymmetric Strecker synthesis according to
general nethod G 20 Step 2 OhizN N OCN - 96 The title conmpound in

Exanpl ¢ 09 was RegpalGd nbpgthgs @g@tﬂqgrgeumae@g& gr&?gr% ipytanyl am no aci d

described in Ste ration an n as descri bed
in general nethd eé“l‘R}Et @AEHF R ?Bodllﬁitﬁé’né%’a}l‘ %f—”h@dm nkt r ecidedSynt hesi s
of Racenmi c Am n®iAbi d. (S€hehe, E3tuGshed adqueihowkidc;Exanplesahd- 66 10 WW

|/ al [/ b I /b@lggct-!\d)% H eRveh Sk §0439an g‘%&gotrgtegcc CHzClz, RT, 91 %
b. NH C, PurgkhcgtfgnH | ft{)% 'ch omagggraﬁgy Ontﬁfilég ggll(5K) 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 correact

molecular ion [(M+H)® = 322] for the desired compounds.
10

Step 3

TFA * H,n : :
Q and /->

(Example 5) {Example 5A)

Hu

Te a stirred sclution of Step 2 compounds (104 mg, 0.32
mmol} in CHeCl, (1 mL) at rt was added TFA (1 mL). The

15 reaction mixture was stirred at rt for 2 h. The reaction
mixture was added slowly to a precooled slurry of NaHCO;
{2 g) in HzC (2 mL}. The mixture was extracted with
CHzCl, (4 mL x 4), and combined CH;Cl; layers were

_ evaporated and purified by preparative HPLC to give the

20 title compound Example 5 (36 mg) and Example S5A (36 mg).

LC/MS gave the correct molecular ion [(M+H)® = 222] for

the desired compounds.

Example 6
25 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 LiOH in THF/H,0 and converted to the amide 12 by

30 treatment with isobutyl chloroformate/NMM followed by
ammonia in dioxane. The Boc protecting group was removed

under acidic conditions using TFA in methylene chioride
to give 13. The TFA salt was coupled to Boc-t-
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15 To a stirred solution of 1-phenylcyclo-1-pentanecarboxylic acid (5.00 g,
26.3 mmo1l) in 25 nL of THF at 0C was added LAH (52 nL , 52 mml, 1M in
THF. The reaction mxture was slowy warnmed to rt and then 20 refluxed for
18 h. The reaction was quenched according to the Fieser procedure: careful
addition of 2 nL of water; 6 nlL of 15~ NaCH in water; and 2 nL of water.
The bi phasic m xture was diluted with 100 nL of ether and the granul ar
white solid filtered off. The ether fraction 25 was dried over NazS09 and
evaporated to gLve 9..30 (933 he Ste lg}i)ound - 97 Step 2 i
OHC 5 To a stir PR SHMGHPEn ot E”S,teéﬁ} EHBT? BE®*g, 9.50 mol) in 15 nL
of CHZCl z at rtERRS/ AHFLEHCE:i t 4i5eg }4foIT1?ﬁ/\/éﬂ‘169 ‘Ff(%d@ilYQSa‘ge‘i %500 mmol ).
After stirring tpe @Bidrittkels em:ttngmommmﬁeam dinl ptreddimd Rt902miC of

CHZA Z and fil ter d thrqug Ceééetc‘%ed he fl.llEIAI‘ilte ﬁ"%ﬁ fidt %ed 10 an

addi ti onal t Fesuy ing A :cof 611858 FiTtrate. The
CHzd z fract on ﬁ%%efe%é‘ﬁ& é‘f’e?if’?otf Gy 6% 'E)ar ?91 ~) of the al dehyde as a
colorless oil. Step 3 i H Boc-N 15 COON To a 50-n1_ round- bottoned fl ask
cont ai ni Ng St epsdh&f¥PQUREnéEPa Y Hedhod. RO(EHERplesNs L of water at rt was
added NaCN (0.2D g, 9.20 nmmol) followed by NHOC1 (0.20 g, 20 5.00 mml ). To
this reaction m'xture Was t hen added net hanol (8 ) and the m xture was
allowed to stir ove The ré&ad.ifon nixture -tthen extracted with

et her (2X15 ni), dme (ngSn'b.) andl concentategamder reduced pressure to
give the crude &%gdker product 2% To a 100-nL re¥nd- bottomed flask

contai ni ng the crudé&®strecker pr od1g‘?:'t"=vx/as added 1052 of HOAc and 10 ni of
conc. HCO . The m xture was refluxed overnight. The'’ni xt ure was concentr at ed

under reduced pressure,t ive a - el low solid.; Theasqlid was
triturated with 5 of Mmext ur e er and hexa . fFNe white solid
was treated wth tri m el 9 TMOT }r.8HR

ditert- butyldlcar‘bonaw 400 g, 9. ‘I) in 50 nL After 4 h the

pH of the m xture was adj Usted to 9 with Saturated Naz(I)B solo. After an
additional 3 h of stlrf'lng the mixture Was extracted wit¥ 1:1 ether and

hexanes and theaamhleﬁt:l@Hﬂoa‘aeltqHUhOa ﬁ@@?é@“%gﬁﬁ%‘%w I3 andfupr sol ution.
The aqueous phag‘éE%@DW‘ﬁg@zWﬁ%ﬁ,aiﬁdﬁi Heb & G, A& of gani cs dri ed

(MyS04) , an(ii evaporated to an oil t was puri fied by silica gel flash
chromatograp%y with 8:92 nmethanol:CH2A Z to,give 0.3 g (23~) of the
Boc-protected anmino acid as a Ilght oil (MH 31B). 15 Exanple 65 HzN ||l N
1 OCN Step 1 H Boc-N 20 COOH The gynt i he Step 1 conpound was
described in general nethod H for the Strecker synthesis of racem c am no
aci ds.

o N

NG

Step 1
Boc

OH
15

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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25 99 _ Step 2 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 dehydrati on and deprotection as descri bed
in general nethod C, M5 (MrH) 310. 10 Exanple 66 0 I / HZN N Step 1 O OH
BocHN 15 Step 1 conpound was prepared using racem c Strecker synthesis
according to general nethod H starting from 2, 2-di net hyl - phenyl acetic acid.
20 Step 2 O NI ~"~~\\ yy// HpN /~Lv // NO - 100 The title conmpound in
Exanpl e 66 was prepared by the peptide coupling of the dinethyl phenyl am no
aci d descri bed kharat&tdepolsm‘tml lfower Hy dekydiaiienvwaaddibpreat @cthon as

described in gengs bhod &7 oWBelMitd 532805 BXIPLeatT,h H N O ON 10
Step 1 N-(Benzyl od;/lcar Y%% }i#%m nim dg 81 % was di ssol ved
in CHzd 2 (25 M5 Gridetng oW dddet!t Fa ¥ odP Y (BC)28nd stirred
sol ution of di etdtydacit8dani torrtlhemnat @ Hyadr o&hl orTide cEBbOngsd 23e6 nmol ) and
triethyl am;j@ (ﬂ%(ﬁ%smerg%m brkh @461 2a{dl3%apblatethe ﬁ‘ﬁ@ufééﬂﬁlesm ution
was stirred at n at, rt utd.on was
washed with 10~b9% tS:‘%I cgjgegndﬁ%'q gg&%— $2 eléo ﬁurﬁr}ﬁ g?geéﬁl carbonat e (2 x
50 20 L), and ¥RAEE Bﬁeﬁi‘)rear’fﬂ’ %%et%tdFF%dC‘(WSGQ?Sa%oU'é\Fé‘por ated to
afford di et hyl $henzyl esygardsdnyl am nomal onate as a colorless oil, which
crystallized upon standing at 0C (6.3 g) (LC/ Mass + ion): 310 (l\/HrH). 25 Step

2
10 Step 2

Boc

\

N

MH;

To a stirred solution of Step 1 compound (1.20 g, 5.28
mmol) in THF (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 5 min. The
reaction was stirred at -15°C for 30 min, cooled to -30°C
and treated with a solution of NH; in dioxane (50 mL, 25
mmol). The reaction mixture was stirred at -30°C for 30
min, warmed to rt and stirred overnight. The reaction

20 mixture was quenched 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;3S0, and
concentrated. Purification by flash column
chromatography on silica gel with EtOAc gave the Step 2

25 compound, 1.00 g, 84%.

Step 3

TFA - HN

NH,

- 50 -



\'l O~OH NH .HCI Step 1 conpound (6.18 g, 20 mmol ) was dissolved in dry

et hanol (30 nL) and added to a solution of sodium 30 ethoxide (2.85 g, 8.8
m nol; 21~ ww solution in ethanol (6 m.). A solution of 3-nethyl-2-butenal
(1.6B g, 20 - 101 mmol) in ethanol (12 nlL) was added, and the sol ution
stirred at 25C for 24 h. Acetic acid (0.56 nL) was then added the sol ution
hydr ogenated at 50 psi for 24 h using 10% Pd/C (2.0 g) as catalyst. The
solution was filtered, 5 evaporated and the residue chronatographed on
silica with CHzgL2,/ Et ;D). 1o _gi

2, 2- di car boet hog,;-% %ﬁi%@g?}%lr%nologdgg%p (zl.cé’mgf’ur(’?_c[lol\'/ﬁsos?’ +1%h): 249
(MrH). 10 This &irgltem (B3 2rrd$ ek Flefluxed PROsIMHY doehl or itheacid (10
m.)/ TFA (1 nlL) fFeacBidn tndxguve,waf tsei reydpor ACC ofpr aspawderye White solid.
Crystal | izati onrbsemsmethanaléeiher.gays: 33 0LrBLhY el <nr Bkégg% e

hydrochl ori de (120 I as t\évgite %%]yllsﬁtl%gl S \r;@éel%o-llzc. 15 Step. T O-~HN
~BOC Step 2 conpound (473 g~ 0" GFHREI J° PE8oP Ve HACEVEE DO (3 L)/
water (3 nmL). T8 -#hi% AO%&r sBreitdidnonaduaiddedoti¢efind apbne (0.96 ni, 3.18
mmol ) and di-t-bubydngicarhanatie. (0.23 g, 1.06 nmol ), and the reaction

m xture was stirred at rt for 5 h.' The solution was evaporated and the
resi due chronmat ographed on silica colum using 25 CHZCl z/ net hanol (9:1) as
el uent to vyiel d° 955u4tyl oxycar bonyl - 3, 3-di net hyl -dl -proline (200 ng) as an
oil (LC Mass, + ion): 244 (MtH). - 102 tep 4 N\HN OCN The title
conpound in Exanple 67 was prepared*BY~th eptide coupling of the

t - but yl oxycarbonyl -3, 3-di nethyl dl -prolinfe am no acid described in Step 3
foll owed by dehydration and deprotectiof as described in general nethod C
M5 (MrH) 220. 10 Exanple 68 NH N O O\ ~~-O0=~0- NHO ~0 0

10 NH,

An oven-dried 15-mL test tube was charged with Step 3
compound (%6 mg, 0.22 mmol), N-tert-butoxycarbonyl- (L)~
tert-leucine (53 mg, 0.23 mmol}, dimethylaminopyridine
(0.11 g, 0.88 mmecl), and CHyCl; (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 Technology S5CX column (2 g of

20  sorbent in a 6 mlL column) by loading the material on a
SCX ion exchange column and successively washing with
CHoCl, (5 mL), 30% methanol in CH»Cl, (5 mL}, 50% methanol
in CHpCl; (5 mlL) and methancl (10 mL). The product
containing fractions were concentrated under reduced

25 pressure to give the desired amide. Further purification
by reverse phase preparative column chromatography on a
YMC S5 ODS 20 X 250 mm column gave the title compound, 50
mg (68% yield). Purificaticn conditions: Gradient
elution from 30% methanol/water/0.1 TFA to 90%

30 methanol/water/0.1 TFA over 15 min. 5 min. hold at 90%
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Sodi um et hoxi de (940 ng of 2 wt$ solution in ethanol, 2.9 mmol) in ethanol
(2 m.) was added to a stirred solution of diethyl acetam domal onate (9. 31g,
19.S mmol) in EtOH (23 nL) 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 ntai ning the reaction tenperature at < 5C. After the addition, the
reaction was allowed to warmto rt, stirred for 4 h, then quenched with
acetic acid (960 Hl). The solution was concentrated 25 in vacuo, and the
resi due dissolved. in QAC (,25 \ hed_wi th_10% NaHCO03 sol uti on (2x5
nL), brine andmﬁgpﬁﬁP &E§ﬁ§§a'*ﬁéﬁ§or%§P%nnﬁé§ ?%IT%gaﬁhangeg8ﬁ%ﬁﬁirated to
a - 103 10 wievebtngig: PREn hdsltedire FEfd:uddandndi | uted with hexane (20
m.). Upon cooling to rt, the title conpound precipitated and was col | ected
to give 3.0 g @§Q%@50f the Step 1 conpound (np 106-109C, LC/ Mass: + ions,
324 5 MtNa). Step 2 ~ O ~~0 ~~0~ NOO" \,10 To a solution of Step 1
conpound (2.87 g, 9.5 mol ) and tr&%%hylsir ne (2.28 nm., 14.3 mmol ) in
CHzC12 (30 nmlL) under argon was adde ~35 nL, 95.3 nmmol) dropwi se with
stirring while maintaining the internal|tenperature at 25C by neans of an
ice bath. After stirring for 4 h-15 at_&t, th ol ution was concentr at ed.
The residue was diluted with CHzA z 100 N\ fhen treated with H20 (50 nlL)
and solid NazCO3 with vigorous stirring uptil the m xture was basic. The
organi c | ayer was separated, dried (NazS iltered, then concentrated to
give the 205Step 2 conmpound as a yel |l owc0il which was used w thout further

purification (LC/ Mass:  + | . 308 ~ . 5 Step 2
conmpound (3.7358,05?% %%%?fqﬁagésﬂ%%gﬁﬁéa,§%§gﬁ%rgfﬂc§§%kéﬁ%ba%d HOAc (5
nL) and heat ed @FPPERE UKET 519-28- b5 ™9 ) r eBR1FHP LR % EUrBE mels “Phen cool ed,
washed with Et@Ae1(20amd )pyrtidéneconcent.r alee tubegivae serloid unbiech 30
crystal 11' ﬁdzumrﬁ%a%a uegté}&dLs ﬂe%t&@t&&%&eaoicghmgﬁ he Slgtjdoédiitbidﬁa_lc& \ s
conpoun . .6 a ss, +_Lon): . .ep ~ ~'

500 Stop 5 Wonogia (6ol 5% o' frdty M dAsBof bOsF THRRe ot L/
wat er (12 ml). sterthi s Biedubsoras iorofast atted €97 et RyI28/1 AB® (1.9 nl, 12.8
nmmol ) and di-t AQbuiyl &igarhenat e 128 roguctd 23 pupljiedhy seatti on

m xture was stirred at_rt_f.or . The .5,V were evaporated and the
resi due chronaﬁgﬁﬁgpﬁéar%ﬁFﬁénl%%5& '%:y%i?ghﬁggﬁgﬁblég}t%]z to gLve the Step

4 conpound as &Y¥GPFL{eE/MHsEn £2iPRf soeBeMkNg) 2 © mb column)

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

20 compound, 46 mg, 96%.

Step ©

TEA - H;N

NC

An oven-dried 15-mlL test tube was charged with Step 5
25 compound (0.45 mg, 0.14 mmcl), CHxCl; (1 mL), and TFA (1

mL). The reaction mixture was vortexed for 40 min at rt,
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15 Step 5 NH N O CN Exanpl e 68 conpound was prepared by peptide coupling
of 20 Step 4 am no acid foll owed by dehydration and deprotection as
described in general nethod C (M5 (MtH) 234). Exanple 69 "~~ HN N 25 O CN
- 10S Step 1 ~O\ ~~O = 'x~_0O~ N HO O Sodi um et hoxi de (990 ngy, 2.9 mol ;
21~ ww solution in 5 ethanol) in ethanol (2 nm.) was added to a stirred
solution of diethyl acetam domalonate (9.31 g, 19.8 mmol) in EtCH (23 nl)
at rt under argon. The reaction m xture vvas cool ed to 0C, and

9- met hyl - 2- pent 77.9 8. dded dr opwi se mai ntaining the
reaction 10 te 82% et(JdrléugP to}éte e?12 alen a&ﬂflf’?’btff % UPESEL i on was

al l owed to war rrF?"éuq’ﬁtd PEEPERER th)ra AthktCHeln qiien atvertiogict kaacetic aci d (460
~t1). The sol ut poni fiasi bgnf:em:fs?et @daaﬁdpidtﬁrheﬂﬁé nelerun@l ssol ved in Et OAc
(25 nL). The org}afg,gasco r Wit ution (2

bri ne and dr ‘%Nf%% Ee sol ut| onE\SNa]QDf:%ng)gSég[ﬁ“d gghlrgé {rag[eﬁ to 10
nL vol une, 2 PLE PefIBC AAd L1 d¥t-ed R t P HEEEFELESD nl). On

cool i ng, the St @fpnqltcl@rmﬁoun@irqﬂwtpﬁﬂatm dndmwagt oddtheebedwd B3/ 0gl

(LC/ Mass, + ionyra 33B doMrNadna0 /Shepr 20 Orfra~sR 7@ mi®; O 25: 1 @A SOl ution

of Step 1 corrp%{l_?dgd% mgghagoé/wmg%lr)éggggﬁﬁp %t‘; ‘gzlelfﬁ?neééz' 28 nL, 14.3 mmol )

in CHzd z under ar ) dropw se
with stirring mﬂ??%‘:tr%@mnﬂa?ﬁlrwtthhe??%ter%lenté%eTiateuréOaleSC by neans
of an ice b#h. After stirring for 9 h - 106 at rt, the solution was
concentrat ed, theamEsisdue-i |wired wqmreﬂz@mm(wﬁnnmacmhemvtaﬁeabea wth
HzZO (50 nL) and i W or ri.ng Joxture was
basic. The orgaﬁ?éc}llll g?/lg?g%%lsegpﬂfﬁegd é) gh%Nat SO%%Lt E Q;]?c% ered "t hen
concentrated to" W% Re title conpound as an oi | which was used wi thout
further purification (LC/ Mass:+ ions, 300 MtH). Step 3 ~O~~ ~/y-.OH 10 LNH
. HCI
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Step 2 conpound (3.8 g,
(5 nmL) and heated at ref

washed with Et OAc (20 nl),

9.5 mol ) was suspended in 6 N HCL (20 nL) and HOAc

| ux for

20 15 h. The reaction m xture was cool ed,
then concentrated to give an oi

whi ch

crystallized upon trituration with ether to give the step 3 conpound (1.9

g, 76.0% . LC/ Mass:

+ ions,

158 (MrH) .

20 Step 9 ~O ~OH ~Ny, BOC Step 3

conpound (728 ng, 3.76 mmol ) was dissolved in a 25 1:1 acetone/ water

solution (24 ).

12.8 mmol ) and di-t-butyl dicarbonate

m xture was stirred at
resi due chr omat ogr aphed

r

eluent to give the title conpound

107 Step 5 U ~~~ H N

pepti de coupling of Step 4 am no aci

t for
on silica 3

S
N O CN 5rEX:

oi

9.24 mmol).

+ ion):

To this clear solution was added triethylamne (1.9 ni,

18 h. Tﬁgaég?g?ion was evaporated and the

ol um using CHzZd z/ net hanol

(LC/ Mass,
e 69 conpound was prepared by

fol |l owed by dehydration and

The reaction

(9:1) as
258 (MtH).

deprotection as described in general ¥thod C (M5 (M+H) 298). 10 Exanple 70
0 O~S~N~ NH~z CN Step 1 15 D/~ ~S'~N NHBo Tc CN Step 1 conpound was

arting from
CN A 25-nL

and N2 inlet was

prepared by the gdurie describedkin General qugoglg st
N-Boc-S-t 20 hutylcysteiine. Step 2 25 O ~ ~S~Nt O NHBo ~c
round- bottomed flask equi pped with a magnettc §tirring bar
charged with Step % conpouwf:iju%is,4\7/4< 302
0
HoN
8 295
J o |
HN H N
A
5 /IS\V/4\7/4< 240
0
HoN
M,
10 222
0
H,N
AN
11 //“\v/4\7,,<: 222
0
HoN
LN
12 /g/< 222
o
——NH
M
13 ,/1\7,,<: 208
o
H,N
M
14 270
0
. HzN '
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(78 ny,

0.21 mmol ) and chloroform (3 niL).

treated with mchl or oper oxybenzoic acid (85 ng, 0.44 nmol)

After 3 h the solution was diluted with CHC13 (7 nL),
HzZO and dri ed over
whi ch was used without further purification (LC Mass,
.~S-~N~ NHZ ON 15 Trifluoroacetic acid (1.5

NaHC03 (2x5 i),
sul f oxi de (100 nm),
384 (M+H) .

i ons):

mml) in5 n
diluted with d
thick oil. The
chr omat ogr aphy

of Exanple 70 |,

T

10 Step 3 OO
m.) was added to a cooled (0C) solution of Step 2 conmpound (100 ng,

Naz509. Renova

wash
of sol
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progtict W
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"CONHy The title conpound was prepared follow ng a published procedure

(Sasaki et al, Tetrahedr
Tetrahedron 1999, 50, 70

(2S, 3R, 9S) - N-Boc- 3, 9- net hano- L- prol i ne carboxyl at e.

was prepared by general
salt also as described i

on Lett. 1995, 36, 10 3
93) used to synthesize

199, Sasaki

et al.

The Corresponding am de

met hod A and deprotected with TFA to give the TFA

n gener al

met hod A. 15 Exanple 73 HoN O CN 20 The

title conpound was prepared by coupling (2S, 3R 9S)3, 9- et hano-L-proline

ot at Annnvu had | R—EX

rrnl e 72 wt

r-fuoroa
yci ne and
d (Neterm

car boxam de- N-
L- cycl ohexyl gl
and deprotecte
298). Exanpl e
coupling (2S,3

79 HzN-N Q CN -
R,9S)3,4-nethano L- bh%line car box

a
CTarCc— U ST 1 oct

t hen dehy q}ed“?o t he
th TFA
111 Thg title

nal ni

anlde wth

usi ngigener
conmpound wa
amde-N-tri

h
POC13/ i m dazol e
al 25 C (FAB MH+
5 prepared by

| uor oacet ate

described in anpte 72 wrtht= IEIL-UULyI Fyctrrne—and—then—5H dehydrated to
the am de w thf POC13/im gCted (N-termnal {nitrogen) with
TFA usi ng genefal €5(FAB pig 75 H2N~ RE10 O CN The title
conpound was pfepared by , R,g%)3,4-nethano-L-oroIine

car boxam de-N-prif| uoroacetate_ 15 described in |[Exanple 72 With L-valine and
then dehydrated to the amide with PCCIs/|-’oazoIe and depr ptected

20 Exanple 76
2S, 3R, 4S) 25

bed in Exanpl e-
e described in

13/ i m dazol e and
D C (FAB M+
was prepared by

fl uor oacet at e

(Nterminal nitfogep)l wth TEA C (|FAB H 207) .
H2ZN . N O CN The title clonmpoung eparfgd byl coupling (
3, 9- et hano- L-prol i ne carboxe N f | uor oacet at e descr
72 w t h N (tent=bttytoxyear-bony-{—ethteyelogenty)-ghyet
General Method B and then dehydrated to e amjde with POC
deprotected (N-terpoinal |nitr W-A<JFA using gepeeral 3
262). - 112 Exampl e 77 \ D CN 5 Te titlle conpound
coupling (2S, 3R, 99) 3, 9- net®ano=L- prol i ne car boxam de-N-tri
described in Exanple 72 wth
N-(tert-butyloxycarbonyl) (1" vinyl cyclgp n&gl

Met hod B and t hen dehydr

ated to the

| yci ne described in General

POC13/i m dazol e and 10

Met hod C (FAB M+

0.33 mmol)
in 4 ml, CHCl,.

then evaporated

deprotected (N-term nal nitrogen) ﬂP A u5|ng Cener al
260). Exanple 78 HO HO N HzN
5 Step 1
BnO
BocHN N
O CONH,
{25,48,58)-4,5-methano-L-proline carboxylamide, TFA 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,
and N-methylmorpholine (67 mg, 0.66 mmol)
The reaction stirred for 16 h, was taken up in EtOAc,
washed with H;0, 1N aqueous HCl, brine,
15 and purified by silica gel flash chromatography to give

the couple

d product (FAB MH+ 480).
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OCN IS
N-[((S)-cycl opentyl vinyl)-N-tert-butoxycarbonyl glycinyl](2S, 4S, SS)-2-cyano-
9, 5- et hano- L-prolylam de (70 ng, 0.19 mml) described in General Method C,
Step 2 was dissolved 20 in a mxture of 2 nL t-BuOH/ 3 nL THE and
Nmet hyl nor phol'i ne- N-oxi de (33ng, 0.2B mml) was added foll owed by osm um
tetroxide (0.1 mmol, 50 nold). The reaction was quenched with 1 nL of 10%
aqueous NazS03 and was taken up in Et OAc and washed with HzO S niL, dried 25
(NazS09), filtered, evaporated and purified by silica gel flash
chromat ography (Se MeOH CHzZCl z) to give 41 ng (55~) of the protected diol
as an oil. The s$td4g e conpound was obtai ned by deprotection of the am ne
functionality with TFA according to General Method C (FAB M+ 299). 30 -
113 Example 79 N HyN C CN 5 General Procedu . Synthesis of Quaternary
Am no Acids Via M chael Additi; D Mal onates fpll bwed by Sel ective

pl es R9-Q4. Cycl ohexanone and

Hydrol ysis and Curtius Rearrang
di et hyl mal onat e underwent Knoeve age
tetrachloride in THF and CCl4 tolgi ve
addi tion of nethyl magnesi um bromi d& gave 91 whi ch was sel ectively
saponified to 42. Curtius rearrangenment withearapping by benzyl al cohol
gave 43 which was converted t protection-protection
protocol. Ester 44 was saponified to give the quaternary am no acid 45.
Scheme 11, Genefht Sephodamide vag OeFydradte@Ero EsheOF I tEL Oe Q@O tBeO O O 40
41 42 d a T Et Oydd A0 bbb 60 ANHR: EBZ: 8 1BRG %&@51&%944 #Rg aug+THF, CCl 4,
Ti Cl,, diethyl onate, 0 C, pyridine, THF, 0 to b. MeMyBr, Cul,
Et20, 0 Cc. 1 NWNaoH, EtOH, RT 6 days d. PhZPON3, TEA, RT to redux to RT,
20 BnCH e. 10%)Pd(CH)Z/C, Et OAc: (Boc)ZO, KzC03, THF f. I N NaOH, dioxane -
114 Stepd @%9? ding to literature procedure (Tetrahedron 1973, 29,
435), a nlxture 0 ry tetrahydrofuran (400 nL) and dry carbon
tetrachloride (50 nL) was cooled to OC (ice-s bath) and treated with
titaniumtetrachl oride (22.0 ni,

: ' N

oy s ™
0
HO HT

Boc

The Step 2 benzyl ether was cleaved by catalytic

15 hydrogenolysis using 10% palladium on carbon and 1
atmosphere hydrogen gas in MeCOH 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+
372).

20
Step 4

HO

Nf >
HaN

O CN
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10 0.2 nole). The resulting yell ow suspension was stirred at OC for 5 mn,
treated sequentially with cycl ohexanone (10.3 nL, 0.1 nole) and distilled
di et hyl mal onate (15.2 nmL, 0.1 nole) then stirred at OC for 30 mn. The
reaction mxture was then treated with a solution of dry 15 pyridine (32
m., 0.40 nole) in dry THE (60 nlL), stirred at OC for 1.0 h, then at rt for
72 h. The reaction m xture was quenched with water (100 nm.), stirred for 5
mn then extracted with ether (2 x 200 nL). The conbi ned organic extracts
were washed with saturated sodium 20 chloride (100 m.), saturated sodi um
bi car bonat e (106taR) 3 ahd NoBerel (1O®sHip- ] didSd Sewer - andpedoods Sragnesi um

sulfate, filtered:angconpeentiahesk wlél aam gchlwaatg% HY 48] REaS7ELOCAC in
hexane gave step giecocr)rpound y a I| i S ow Ol Il YI?%I ¥: 5. 25Ag ?g%) VS

(M+ Na) 263. 25°¢eqat rt sﬁ“g‘ﬁ A&Eo?ﬂ’rfrfge% §OFi t et A #3FOrg. Syn. V1)
442, 1988; Li ebiegspdnat.eClem pioBiied/48) paepd nettiive BPLAS.43 Megettyddragnesi um
iodide(31 I p S, sjirred at OC
(ice-salt vva?iér i ?ﬁg‘éqgt{r )éng%ggdcy {15%% iL:Iutclglolg)(%‘qogl8 mefe\(lz\%r@}po%%d (1.5 g,
6.24 mol) in dlaﬁf%de‘%f}‘?ertl(ﬁieBC?ﬂF)OWer(FBB Mt ard)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 nlL), treated dropwi se with Os Cl (3.7 nmL) then extracted with
Et OAc (3 x 25 nL). The conbi ned organ s were washed with 1% sodi um
IS thiosulfate (2.0 nL) and saturated $@d u hloride (2.0 nL), dried over
anhydrous magnesium sul fate, filtered, centrated. Flash

chromat ography on a silica gel colum, ether in hexane (1.0 L) gave
step 2 conmpound as a clear syrup. Yi eI (680 . M5 20 (MtH) 257. Step
3 25 A sol utjyon of Step 2 conpound (1. 09 g, 3 mol) in a mxture of

met hanol (5.9 nlL) and water (2.7 nL)Ws_W‘e‘at—e‘d wi th 1IN sodi um hydr oxi de
(4.B4 nL, 9.84 rmel tQtEle clﬂn@ound wals preguiyd BNdosblin@dat 457 5§pr 6 days.

The reacti on m xt t|II presence of arting materi , so THF
(000 Pt on e Erer e e T e P S TTA AL AR S o0 T
sol ution was evapoEaam[LEt cﬁ Stdpyhecssnp@nddthetrr ésdlterhgowsylepyparti ti oned

bet ween wat g5 ( ARG bsi 1(45 rﬂf)c RRYEOHS. PhasenWaseiaci di fied
with 1IN hydrochl%g(rg:;)gk%lcl (::Ef i W 11gfdndgrgx r%ct ed V?IIthtEt OAC (3 x

25 nL). The conbirh8HNBFYal Cé%wﬂaﬁﬁ §%P%h¥%@¥é&“wfhtfﬁruaﬁédﬁml‘é“
dried 10 over ambydgﬂwﬁdﬁEQD@SirUrﬁy&ﬂBﬁ_ﬁéE‘ancf idepeb ekt iand (Feneemtradt ed to
give step 3 compound as & 1 0kek, SR Yh el dieiBaRaDs; (S%chdray B (M + 1)

229. O alternatély: |onso ester 1n a mxt of ~15 et hanol ,
THF, di oxane andlewa@érc ?FPrﬁ klﬁmr%%‘i)t héheot 1 sy IE8PRYHH 0135 @8 t#i PR sodi um
hydr oxide. Sphep 4 20 Et0 NH O CBzZ

Example 29

&)
HO

Step 1

25 | OTBS

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

with tert-butyidimethylsilyl chloride (1.67 g, 11.04
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According to literature (J: Og. Chem 1999, 59, 8215), a solution of Step 3
conpound (0.875 g, 3.83 mml) in dry benzene (9.0 nL) was treated with
triethylamne (0.52 niL, 25 3.83 nmol) and di phenyl phosphoryl azide (0.85
m., 3.B3 nmmol), refluxed under nitrogen for 1 h and cooled to rt. The
solution was treated with benzyl alcohol (0.60 nL, 5.75 mml or 1.5 equiv),
refluxed for 17 h, cooled then diluted with ether (40 nL). The solution was
washed with 30 | oo aqueous citric acid (2x3 nlL), back-extracting the citric
acid wash with ether (90 nL). The conbined - 117 organi c extracts were
washed with 5% sodlurarki datbonslte (92%3mel )3 drinedl)(l\igS@’Q)F (17 Ider ed, and
concentrated. F I e cr product wth
10% Et QAc in he&%ﬁgs&mr%ga%gg%@gé%tsgnr & f&ag%nb ggq cl Lejlglfe t hi ck syrup.
Yield: 1.15 g (99%3“%@%%3%@“&' pnd tlltf— EFBdNI-’PEIte@lBéCW% sol ution of
Step 9 conpounddfdsdireg i3. Q6oHmplo) mLn. Etﬁ%cr(eﬁalmr)g wasutieatwed Wi th

pal I adi um hydroxi de o ar bo ng)., an h dro enated at,r for 20 h. The
m xture was |Ii5]ére h(r%outt)hg%é (2:22% te)fhe % ‘gn 15 \}\alé)sﬁt é 0 pad wel |

with Et OAc (3 xtR& quiudet h\@nethzel fuialst rdaﬁ-'etewasvwbn@ézﬁltlbatféd ntlo ghve the free

am ne. A solutiep.ofed Q&tﬂ”b Ney ikt QtzE:@@YrQI)Of U'Tﬁ@ &éélmly@m@wt er (12 m)
was treated with di-t-butyl dicarbonate nmmol or 1.48 equivVv)

and pot assium cé?ﬁ%‘?fht"@t?ob@%% Sty 613% ‘?ﬁﬁfl %BFO“Z oREGRY S °% (8 stl rred
at rt for 20 h. védbetieaciboa titdaurcempasnarst iahi ohkd(beét weenwiwatrer (8 i)
and diethyl ,ether_( g tracts,,were washed
with brine g nﬁ%‘ l;:;rl e?qu%@bg{ﬂt?}g?t g\?ggh%%géggor?\ﬁc;&eﬁa%gt eg I‘%)ash

chr omat ogr aphy 384 ofMttHe crude product with 10% Et OAc in hexane (1 L) gave
step 5 conmpound as a clear thick syrup. Yield: 1.18 g (100%. Ms:(MtH) 300.
O her net hods c?g aIQ%o be enpl oyed, for exanple: 30 According to

Tet rahedron Let 8, 29, 2983, where a solution of the benzylcarbamate

in ethanol nmay be treated - 118 thtrloet | silane (2 equiv),

di -t-butyl di carbonate (1.1 equi v) pal | adi um acet ate and
triethylamne (0.3 equiv) to give ted amine in a "onepot"
manner. 5 O alternately: Solutions o e be Lcar bamate i n net hanol may

be subjected to hydrogenolysis in the poesen’o Hai - ¢ - but yl di carbonate to
give the BO@protected amne in a "one-pot" manner. 10 Step 6 HO NH I O Boc
IS A solution of Step 5 conpound (1.18 g, 3.09 mmol ) in dioxane (8.0 nL)
was treated witHold stodingd hytroxindef( @tQPrﬁ_COQ‘PQUMmW Jor mgr 01 ui v) and

stirred at 60C (i, bat ) of,0hr 28101, ThS s&&d 10030t i@ MamigoNcent r at ed

to a syrup which was di ssol ved in wat
yrup propyl}-3- ethylcarboé@%mﬁde(hydroeLlorlde (256 mg, 1.32

20 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 mmol). The solution was then stirred at rt

overnight. The mixture was diluted with CH;Cl:; (5 mL) and

25 washed sequentially with H;0, 10% citric acid, brine, then
dried over Na,S0; and evaporated to give the title
compound (350 mg) which was used without further

purification (LC/Mass, + ion}: 442 (M+H).
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20 extracted with ether (25 nL). The aqueous phase was acidified to pH 2-3
with 1IN hydrochloric acid (9.2 nL) then extracted with EtOAc (3 x 50 ni).
The conbi ned organic extracts were washed with saturated sodi um chl ori de
(10 nil, dried (MyS09), filtered, and 25 concentrated to give Step 6
compound as an off-white solid. Yield: 808 ng (96~). M5 (MtH) 272. - 119
Step 7 5 The title conpound was prepared from Step 6 conpound according to
the procedure in General Method C where the am no acid was coupl ed, the

am de was dehydrated, and the protecting group renoved to give the title
conpound. M5 ( MAHFP282. 10 Conpounds 90-100 were prepared by General Method

| and General Method C starting fraom;cycl ohexangne, cycl opentanone and
cycl obut anone, and enpl oyi ng nethy?gp&%gﬁg- yl - and propyl magnesi um
halides as Gignard 15 reagents. Tableg N BebPp CN i Exanple
#Cycl oal kaneRVS Dat a MrH79cycl ohexaneMet hyt 262" %, '

80cycl ohexaneEt hyl 27681cycl opent aneMet hylg43882cycl opent aneAl | yl 27983cycl ope

nt anePr opyl 27689cycl obut aneMet hyl 234 20 - 120 Exanple 85 N HZzN CN O
Step 1 5 According to Exanple 79: A mxture of dry carbon tetrachloride (50

m) was cool &d fQ QQel(]i-&gfe??'rygrgﬁt{R]un%obégﬁorﬁéce%gggr%éé‘ éﬁé&ﬁ@h“ﬂm

tetrachloride (11.0 nL e resultin || 'ow suspension was
stirred at OC fre8 #i FOMRIEEt ééP S tfue Nt i 8l T Mi-t Amédeiviserntdfone: (9. 42 ni,
0.0? mol ) and di1ﬁt5isl hesh di efyky b Omhﬁ)(7-ﬁ?]éﬂéla@k05nm )arﬁbﬁnw§;fi rred a]E
0C for 30 mn. The,reactiapom xture 1 s _then a i ution o
dry pyridine (1§°ﬁ&?80F%0qﬂ%$g i%#qgrﬁ (féﬁﬁnf§¢ﬁ%§§g¥£hﬁht§0 8for 1.0 h,
then at rt for 20wh) JFhee raddetri oM tutbiakhsslpyane hethay sllvrwat ees (50 nl)

stirred for 19 My ykBen: exjgractsd it Brgt figs (A 2% 100 ordPga conbi ned
organi c extracts were 20 washed wi th saturated sodiumchloride (50 nli),

saturat ed sodi uR*SPeaFpBTEREe( 50 Tt “&Fd “BFT S0 2Rt ) Shurined ErGZ04) |
filtered and cormeantrasedrenclvadhbghfidratogeaphyrhesbnganic Bia@ée washexane
gave Step 1 compaupdaséh SNt okeli0ws 0 Loiall Bhdne Taf 93685 VB (M + H)

Na,305. Removal of solvent gave crude desired nitrile

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

Step 4
o

HO\/\_)J\Né
NH, b

20
Trifluoroacetic acid (3.3 mL) was added to a stirred

solution of Step 3 compound (330 mg, 0.58 mmol) in 3.3 mL
CHzCl,. The solution was then stirred at rt for 30 min, a
few drops of water Qere 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 20x100
mm column to give the title compound, 52 mg, 17%.

30 Purification conditions: gradient elution from 10%

methanol/water/0.1 TFA to 9%0% methanocl/water/ (.1 TFA

- 50 =



- 121 Step 2 5 A solution of Step 1 conpound (1.00 g, 9.42 mml) in
nmet hanol (50 nmL.) was treated with 10~ Pd/C (0.20 g, 10 nold) and

hydr ogenat ed (bal |l oon pressure) at rt for 20 h. The m xture was dil uted
with nmethanol and filtered through a pad of celite. The filtrate was
concentrated 10 and purified by flash colum chromat ography on silica gel
wth 7~ EtOAC in hexanes to give 0.84 g (91~) of Step 2 conpound. M5 (M+H)
229. Step 3 OH HN 0 15 Boc The Step 3 conpound was prepared by the process
outlined in General thod H, _where . the ter under went h ol ysi s,
Curtius Rearr an%“éerr;erllltgl,embrrlbté;c“flinngogg olp 96)%0%516%:30616{#8%5%?.”1 ?‘lficyﬁal est er
hydrol ysis. Steplav MafEN OND/28n- B@pectionThaveidrgghcodpdund was prepared
from Step 3 conpoung ;3eCoii NG tAnt he ¥ asedure idy,Genepalylypt hod C where
the anmino acid was coupl ed, the am de was dehydrated, and the ‘protecting
group renoved to give the title conpound. M5 5 (MtH) 234. Exanples 86 and 87
wer e preparetl bgeddmalpmetrddres usedskor r&mamplgem8bt séafitenng £60Rbc-

cycl ohexanone anld c%ccle%}t:ut an(g)necird%specti vely. 10 N HpN CN O Exanpl e

#Cycl oal kaneMas% <g;pec ?@%%ycal opént yl 23986¢cycl ohexyl 24S87cycl obut yl 220
Exanple 89 15 Step 1

\

BocHN OH

O

10 General method B affords the guaternary Boc-protected
amino acids. Examples 30-47 contain the vinyl 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 alcohel 18 was esterified with N-Boc
glycine using DCC/DMAP in CH;Cl, to give 19. Glycine
ester 19 was subjected to a Lewis acid mediated Claisen
rearrangement by complexation with anhydrous zinc

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

temperature to afford 20,
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HN imMH O NC Boc-N OH O - 123 Step 1 conpound was prepared in Exanple 6
Step 1. Step 2 5 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. M
(MtrH) 218. - 124 Exanpl es of conpounds where X = H include the

foll ow ng conpounds which nay be prepared enpl oyi ng procedures as 5
descri bed hereinbefore. R3 RZ R1L x N~~NH~I | ~In Ra O X=H Ex

#nxy RLRZg3Ra900Q] L~ 2 01 3001~H\Ve- 94010t - BuHH-
95010adamant yl HH 96818 %%8%3%% QLE% §u9§ 10MeHH: - Bu 10 - 125

Exanpl es 100 to Exanpl conpoumds H— 1 iencl ude the foll ow ng
conmpounds whi ch b‘é‘“W ed ml oyi ng e r§s as—5 descri bed
herei nbefore. R8 R2 X /N~b

—~———! ~J ~

18

Vi

OJJ\N
PrLip

20

OH

o
o
19

a. Triethylphosphonoacetate, NaH, THF O C to RT b. DIBAL-H, toluene,
-78 C to RT c¢. N-Boc glycine, DCC, DMAP, CH,Cly, RT
d. ZnCly, THF, LDA, -78 C to RT

Step 1
5 Cyclopentylideneacetic acid ethyl ester.

To a flame-dried 500-mL round-bottomed flask containing
NaH (5.190 g of a 60% dispersion in mineral oil, 128 mmol,
1.10 equiv) in 120 mL anhydrous THF at 0°C under argon was

10 added triethylphosphoncacetate (25.6 mL, 128 mmol, 1.10
equiv) dropwise through an addition funnel. The mixture
was allowed tec warm to rt, stirring for an additional 1
h. A solution of cyclopentanone (10.3 mL, 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 mlL) 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 (Na.S0,), and concentrated under

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

ester as a colorless oil.
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R~ O X Ex. #XXYR1IR2ZR3R100CNO1HHHt - Bul01CNO1HHHadamant yl 102CNO1HMeH ~HO

" 103CNO1~HMeH109CN10t - BuHHH105CN1O0adanmant yI HHMe 106 CN10~Et HHHO

" 107CN1OHHME108HO1t - BUHHH109H10OMeHHt - Bu - 126 What is Clainmed is: 1, p
conmpound having the structure A~ R2R RL Cx Hn A O X wherein x is 0 or 1
cand y is O or 1, provided that x = 1 wheny = 0 and x = 0 when y = 1, and
wherein nis O or 1; 10 Xis H R, RZ, R and R are the sane or different
and are independently selected from hydrogen, al kyl, al kenyl, alkynyl,
cycl oal kyl, cycl oal kyl al kyl, bicycl oal kyl, tricycloal kyl, al kyl cycl oal kyl,
hydr oxyal kyl , ~ 18*#§/dr oxyal kyl cycl oal kyl , hydr oxycycl oal kyl ,

hydr oxybi cycl oakk§ycldpedr ok ydenanrdlaaal kyl , bi cycl oal kyl al kyl ,

al kyl t hi oal kyl, aryl al kyl t hi oal kyl, cycl oal kenyl) aryl, aralkyl,
heteroaryl, heteroarylal kyl, cycloheteroal kyl or cycl oheteroal kyl al kyl; all
optional Iy 20 st®s?ifi#edIt hedugtd aNar P @CAPBBR Hedi s CANEM LN, 3, 4 or
5 groups sel ect edcidguncydaegessetial acialdaHyl petyhaligalskyl , 184 koxy,

hal oal koxy~ pol yhal oal koxy, al koxycarbonyl, al kenyl . al kynyl , cxcloalkyl,
cycl oal kyl al kyl ™ol M&I%a’i“ky?‘?”‘f’é?é?o’&%ﬂ% Ao, “E%Caw%‘/%-}r/ﬁ"’ht&o was

cycl ohet er oal kyhddéey dianetar oagd kyliablkyh, 1 fyydr exyutc hyrdriex yal Wyhe, restr o,
cyano, am no, substituted am no), al kyl am ng, .dial k) ] i

al kyl t hi o, aIkyF%%%béﬁfﬁ,egg§Y{<gff3¥§32%(%%fl?eaﬁ¥%§%g?%8n§F%éﬂgh

al kynyl am nocar Bongddi taloky If s elbc anlo filre )miB0 uakk eay | RN 6 At yio,

al kyl car bonyhoxya @l ky!¢ar Dyt &g H@r 88 yh CarENyLadl it mixture was

al kyl sul fonyl am no, al kyl am nocarbonyl am no, al koxycacbonyl am no,

al kyl sul fonyl , AhfhostAdolegl toam hbs upFbipeRcask s Hhei A§FSEElul f onami do or

sul fonyl; - 12754q;i@h B a00nfR3aimyireont il | yupen tideeninkoget ey 1to form

-(CRSR6) m where _m.i s tg 6) and a R6 are the_s or .different and
are independentNng%W%E¥§5 F?gﬁ1H5§r@§€)W%?ﬁ%§§?’kfn 1Ry AR RERYTS®

al kynyl, cycl oakkytred dwaimon. antino bisbbsid tngaed iam miktuggchkeal Kydral kyl |
cyctoal kenylys anyhhedf Wi2nkik o NeL6! 081 Yn aNSkEL oA akkihel, and cthe

cycl ohet eroal kyl, cycl ohet eroal kyl al kyl , al kyl carbonyl am no,

aryl car bonyl am AdYeh$ KipEFc &FBBRTT 2thi n%?ea?fﬂaéb%)?cé?b%%waémtﬁﬁ? Ygshed

al koxycar bonyl , waty! @wxyearhooyhs) ordrakly keaisogcarbanybamemoated Rl and R
may optionally be taken, together to form:£{CR RB)p: rei IS 2 to 6,
and R and RB aPQd?ﬁém§%le%oFr%??%%WEn uﬁhdggkég%n %gg%'gh?Pguéélected from
hydr oxy, al koxycheymamggrdphal kylilica kehy| CHLCS: of IBFRGF; EYTYo&RKYI

cycl oal kyl ahiy! ,11%’0%; ogd kgnyk, + hal fsi188HNL1 1,8URS bi koked aankeno) aryl,
aryl al kyl, heteroaryl, heteroarylal kyl, cycl oheteroal kyl,

cycl ohet er oal kyF&ERYFESS1%H- car bonyl ami no, aryl car bonyl ani no,

al koxycar bbnyl am no, aryl oxycarbonyl am no, 20 al koxycar bonyl,
aronxycarbonyISt?E gl kyl am nocar bonyl am no, or optionally Rl and R
together with (x_I'=)"n" forma 5 to 7 nmenbered ring containing a total of 2
to 4 heteroatons seRe€yelopgymlidepeeiylggN-pFempButyloxycarbonyl)

25 , glycinate.

PN

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

80 mL CH;Cl,. To this reaction mixture was then added 4-
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(~~) 25 or optionally RL and R together wth R forma 9 to 8 nenbered
cycl ohet eroal kyl ring wherein the cycl oheteroal kyl ring has an opti onal
aryl ring fused thereto or an optional 3 to 7 nenbered cycl oal kyl ring
fused thereto; 30 with the proviso that where x is 1, y is o, nis o and
one of Rt and RZ is H and the other is alkyl, then R3 is other than pyridyl

or substituted pyridyl; - 12S - 128A and including pharnmaceutically
acceptabl e salts thereof, and prodrug esters thereof, and all stereoi soners
t her eof . 129 2. The conpound as defined in Caim1l having the structure:

R7 R2 Rt / N-~N NTetbylapirepysigisge fhhed 4 afipotifrf rad -d&f pAet)im 2efai m 1
havi ng the strugidim@xthbe ReaRbhinvBrad HANFtIN &EOX ghb. 9. THhHe Lerponnd as

defined in d aiJm ereLn.the I e .t he rolidine has the
configuration: @WLL% &h% fgxglap% gﬁé:ro ge%tr%eéﬁélgﬁcg%%%ﬁeﬁng%ag%rrpri si ng
a conpound as deffingdd rhnd e wilthahel0 dlplkEePiee el ciinopniceepd abldgrcarri er

therefor. 25 6.rfphar pressiliLal Taonbi Al bQBAGONRIEsS kAEn 8R4 ileRhbPi t or
conpound as def%qggﬁi Claimil %nd an antidaabetic aggnéAot &r, than a DP4
nhi bi tor for tTEERY RGTORAHEEE And 1 bl R O di SHIES “AR a4 dbB8i ty agent
and/or a |ipid hodyratipgt agentgive 19.43 g (94%) of the desired

glycinyl ester as a colorless.oil.

10 Step 4
N- (tert-Butyloxycarbonyl) (1’ vinylcyclopentyl) -giycine

BocHN OH

o)

15
A flame-dried 500-ml. round-bottomed flask under argon was

charged with 2ZnCl, (11.8 g, mmol, 1.20 eqguiv) and 20 mL
toluene. The mixture was heated under vacuum with
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-
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 In a separate flame-dried 200-mL round-bottomed flask
containing diisopropylamine (26.3 mL, mmel, 2.60 equiv)
in 90 mL THF at -78°C was added n-butyllithium (71.89 mL
of a 2.5 M solution in hexanes, mmol, 2.5 equiv), and the

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

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

mixture dropwise at a steady rate over 40 min, and the
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30 7. The pharnmaceutical conbination as defined in Claim6 conprising said
DP9 i nhi bitor conpound and an anti di abetic agent. 8 . The conbi nation as
defined in aim7 wherein the antidiabetic agent is 1) 2, 3 or nore of a
bi guani de, a eul fonyl urea, a glucosidase inhibitor) a PPARy 5 agonist, a
PPAR a/y dual agonist, an SAT2 inhibitor, an aP2 inhibitor, a glycogen
phoaphoryl ase inhibitor, an AGE inhibitor, an insulin senaitizer, a

gl ucagon-1li ke peptide-1 (GP-1) or mnetic thereof, insulin and/or a
meglitinide. 10 9 5 The conhi.natipn as defined in Claim8 wherein the

anti di abeti c ad&ft+F8nY, TP 08 Mg E Sof A fet HoPifon T © gF YBUY d8I™gF? nepi ri de,
glipyride) glipitziadg, stht arygropant de,Thgl ivel b deacacar bosa)lral ghstol , 15

pi oglitazone, thQgli it b0S1 gL , £l lin, ) <} | i tazone,
JTT- 501, NN.23&2%9L§%§é%£?”$ﬁ¢34%%ﬁ%§§%3395§“%§95§%}9%%%3%%5%?%@3%“

nat egl i ni de, KAD292P1ARNG39222! a0l 2093aY° RRPPOT R 998hegxendi n- 4,
LY307161, N¥22khccaBdioslyd ¥31h9020 w20 1:0HC1 Thvey Gonbinnabtionr,asr-defdi ned in
Claim7 wherei n“\]tahgo(3or'rgrqctfndoniCsen[%g:g%ecrilturidr1erarV\§Li1 ht ratio to the

anti di abetic agent wi'thrn the range Trom apout o, 01PF6°abbit 1D0: 1. 25 11.
The conbi nat i orfvad fde#t herd byn fChah mleropasperavitthd sahi¢a alrdsi 8§ Mgt is
a.beta 3 adrenenrgice,@goNk &k, 0 3% HBASE d4 Bt 9rg @36r gEORLd Jandedopam ne)
reuptake inhibitaor) a thyroid receptor beta coppound, an anorectic 30
agent, and/or &TEPt §CELIRFONCHatT ch &g Htbr (48, Mrhe 'Cdnbi nati on as
defined in @ aim1l wherein the anti-obesity agent is orlistat, ATL-962,
AJ9677) L750355, CP331648, sibutram ne, topiramate, axokine, 35

dexanphet am ne, phentermnm ne, phenyl propanol am ne, fanoxin, and/or mazi ndol.
- 130 13 . The conbination as def i&%88P{% ¥ aim 6 wherein the |ipid

nodul ati ng agerdeneszadmdied ahi bPéptdear o3 epAor edBetasmnionhi bitor, a
squal ene synt hetraisgL inhibitor, a.fi bc[ria%iaci d cﬁjef’iin\éﬁti ve ;}egul at or of

an..u
LDL receptor 5 PACt G?ﬁ/c,ie’a Iﬁlsgx?/%%ase Phhibi tor a(rile I&?Atﬁc:itﬁﬁl bitor, a
chol esteryl ester transfer protein inh tor, or an ATP citrate |yase
inhibitor. 14 _ The conbination as d d Claim 13 wherein 10 the lipid
nodul ating agent is pravastatin, |ovaethti i nvastatin, atorvastatin,
cerivastatin, fluvastatin, nisvastat ¥, sagtatin, fenofibrate,
genfibrozills clofibrate, inplitapide, CP%529%M14 avasim be) TS 962,
MD- 700) and/or LY295427. 15 15 . The-eofbination ae defined in Caim13
wherein the DPQ.inhihitor, i s prese in_a weight .rati Q..th
| i pi d- nodul at i %&eagg%ts?/\i"tt Fﬁsfn afnﬁée Pfaandqéasf Fon %D%&F 9. 861£%e(}ya%£ut 100: 1. 20
16 . A phar maceutcesat goats matry opretanieds engna dPR4si nhitd tHOBTEBRPound as
defined in fd ai;m bugnde an a9entvEoL 4/ eaLLkDGd MrehlihbidYeor@tsagent for
treating polycystic ovary syndrone, an agent for treating a growth di sorder
25 and/ or frai %t NaheamthalaPiirpt3sidgente H/Fidgant ‘Fb?&p?rr@g’@ﬁf'i ng
inhibiting all agrsabhréfiteeddaphithlly ansphoad aditorer an agenimiider 21r eat i ng
aut oi nmune di sease, an anti-Al DS agent, ,an ent f treating inflammuatory
bowel di sease/ s‘ifnd‘?oﬁ@? %tr&dgn%f oﬁp%l??e%?i"f‘?gs gﬁé?%&?(gb ervosa, an
ant i - ost eopor osirzaagent @hd/her ambhdantithobesiiAimadentle 1in pyAiditdhaed for

treating digbet gg. 1 nsyld 0,151 SLanGe s YPerghycenh &, hpettautigem a. or
under acidic conditions using TFA in CHxCls.
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35 blood levels of free fatty acids or glycerol, obesity, Syndronme X
dysnet abol i ¢ syndrone, diabetic conplications, hypertriglyceridema, - 131
hyperi nsul i nem a, atherosclerosis, inpaired glucose honeostasis, inpaired
gl ucose tolerance, infertility. polycystic ovary syndrome, growth

di sorders, frailty, arthritis, allograft rejection in transplantation, 5
aut oi mune di seases, AIDS, intestinal diseases, inflammtory bowel
syndronme) nervosa, osteoporosis, or an i munonodul atory di sease or a
chzonic inflamuatory bowel disease, which conprises adm nistering to a
mammal i an speciSehenn Hedpneral rdethashC a t herapeutically effective 10
anmount of a conpound as defined in aiml. 18 . The ne d as defined in
Claim1l7 for trea#,] Hfiype 11 diab /Q{ obesity. -1 1LA2 1,/ NV/ Np
/Np' /N4 | NT 7/ N S} "/ NDgD/ Np' / 67/ "/ N6 NT/ N7TpXLAT /R Np / N6

[ NNTS' / N7/ N/ NJFAf

p@?/ N N.NG/ NS/ N6/ NI / N6
I NSp' / N7 / Np [/ Nepi* NI/N\ Sp/ N69/ N I N/ l\l/N/N?\%DK@17 \?@
CONH OH CN
BocHN
13 ° 21 22
H,
\ ‘.
- .
TFAHz;N
0
23

a. EDAC, HOBT, DMF b. POCI,, pyridine, imidazele, -20C ¢ TFA, CHyClp, RT

Step 1

R

BocHN
5 0 CONH,

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

10 general method B (1.13 g, 4.20 mmol) were dissolved in 20
mL anhydrous DMF, cooled to 0°C and to this mixture was
added EDAC (1.62 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 M0 (3
x 20 mL), dried (Na;SQ4), and purified by silica gel flash
column chromatography (100% EtOAc) to give 1.38 g (86%)
of Step 1 compound (MH+, 378).
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/ NpT/ NS9z/ Np/ N6/ N7/ NS/ NV N/ N6/ N6/ Nt / N: / Np< ]/ N6/ N N7/ NS/ NS/ NS/ Npp/ NSY

/ Np9] / NS/ N6p9/ N6/ N9z/ NS/ Np/ N6/ NS / N6" ' / N6p' / NS/ Np / N6

/ N7* | Np/ N6/ N6W Np/ Np" / NN N' N N/ Np' / N7/ N7/ Np/ N' N Np' / N/ Np / NSnY / NS/ N6/ NpY / N
IN /NmM /N7/Np /Np' /N6 / NpSD/ Nps /NS D)N / NST@/ N N7 >/ N / N6#/ N6VGE Nt <
TT[:-NT 45 NC T T (

T| >xx><| x>>x| ~<x<>0x0p0000ppp000000000pppPO0PPPPPPOFOPOPPPPP80O??| | <| || ~?X| >>
XSXSX>~~| | | | >?2<X><~~XpXp8p8p8p8pXpXPXPXPBP8PXPXPXPXPXPXPXPXPBPXPXPXPXPXPXPX
PX8pPX<PXBPX" XXX °<§x|x8x9x888x9xx8x<<8|~<||80|p>xx<p>|xx8°<8 8 >70| 0<>1| s~
SXX| S<<XC?xX?8| ~8<p0p

Plpppp<8x88p88p00p0000<p08pppOppppppPpP88 88<80p| 1?pgx?<9p<~?0x<p| ???x| <| ?<

p8~<<x8>>0>8px80~0| 000p080<p8p0p0Op0Op0O Op, pOpp09p0p0p0p0p0p0p08p0p
pOpp08p0p0p0pO0pOpPOpP0<p088p0p<pOp0<pOp8
X?X~| ?x88<<?<8p><8?x?x| | <<p8p<8p<0c &avhD 9988pp000088x8<p| pp<px00088?

X?<xxp?!:v45 vC

(II8?<<><>I>>>>"‘8‘<ppx888°aaxaqq9888——~8x92—x2>8pIp0>pppppx9p<8px9pxpl°<p
X>>pX <>X <py

<??><????>7§g|@§3ﬁ%é06x§5€%“§x@végo%zd%é§| 1Ll 3055 14 S EBR B i8d800pp” @: T4

5 C mg, 7.30 mmol) were dried by toluene azeotrope (5 mL x

TT( T22>>2<<<>>>7 p8§f09§92Q%088%%85Fpggﬁﬁgé <8§§T§§<<<<ggg °xx°°@0 <~ <| ~<

| <| 8<| ?2?2x??x?} <p7??< P34« <? ~>3PXP>7?X Fx<x280& sOMP45
under nitrogen gas and POCl; (2.23 g, 14.60 mmol) was

PP( P?<>~?<<X <<<YXRAIT 377 Tre @ Fhs| 2288557 R8Scune RB82RRAN37E? 1Ppx 82X ?<<| <
889<<~ p>9 9<9||999<|x<x|<x99x9x9x9889x XX||k<|Ozlh198 XX?27?| >>><<~??<~x?<<<<<
<88888H%59H@%5 s was evapcrated to dryness and th emainder purified

(IXGK777>><||7|Eypﬂ&Bbéqﬁeﬁ(ﬂﬂ8&485hp@@B&mp&hggmna@qppages&%kkp<<p<8877x7<

8p> ;(7:"?2;7<787 %q(ff égf@(lﬁélﬁ)i‘gtxgo rpl(iﬁb%>E?to'§\c)s>{$é>’){1}s?e?'pf;><x9<8x<8<x

isolate the mixture of diastereomers (1.15 g, 88%) from
the by-products of the reaction. The second column

15 (gradient of 25% EtOAC/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}.

™
H,N N
O CN

Step 2 compound (32 mg, 0.09 mmol) was dissclved 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.

Step 3

20

The product was purified by reverse phase preparative
column chromatography on a YMC S5 ODS 20 X 250 mm column
to give 12 mg of the TFA salt (lyophilized from water or
isolated after evaporation of eluent and trituration with
30 ether} the title compound. Purification conditiocons:
gradient elution from 10% methanol/water/0.1 TFA to 90%
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~(+"H} xsnhc”Y] ca] ca] caU] ca] ca] c"a] calU] ca] ca] c"a] ca] ca] ca] ca] ca] ca] ca] cal] ca
Ul calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a HN] ci v| 8=) k#

#*(* 2 ** ++++&+++ +2+{ vl f a[ V] cal] ca] caV] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]
ca] caV] ca] ca] ca] ca] ca] ca] cal ca] caU] cal] cal] ca] cal] cal] ca] ca

2+4+6+8+: +,,,,,,,, %(,* ,,/,3,7,:,n,r,s,v, , ~ysnhc] XRI f a[ VU] ca] cal] ca]
cal] ca] cal] ca] ca] ca] ca] caU] ca] caU] ca] caU] ca] caU] caU] ca] cal ca] cal] ca
WV] ca] caU] ca] caUl caU caUcalUca,--------------- /1 N7TW89999999

9"9+9: 9| wgl fa[ U fa[ VU] U] cal] ca] caU] ca] caU] ca] c
a] cal] cal] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] cal] caU] cal] cal] ca] cal] ca] cal] caU
] ca] ca] ca: 9’?90938@\B]c&am@;09a&c&a&%&%@%&@%@QBQQBQW&GRd&aﬂdcﬁ[BVUU] ca] cauU
ca] cal] ca] cal] ¢ c c Lal caj ca
]Ca] ]CaU]U](:au} Ca]Lﬂca%] Cgaﬁf"x é‘ﬂocpae%%%éﬁéq %";‘12 %gcﬁ&lﬂ%@e‘&fﬁ‘&ﬁx&@ U ca] cal]
o bwel gal WR ph?wa:@qt@a]ecawt%p]dca@] éa}%%tt&]l@ﬁ]?éalﬂj]’tca?]c@a@féal)] ca] caU] ca] caU
] ca] cal] ca] caU] calU] cal] caU] cal] ca] cal] ca] caU] caU] cal ca;
Caa s <KK<L, < <s<HRS<UKT <a<e<nxkp<t <x<<}wgl f a[ VPga\ WRI U] ca] cal] ca] cal]
cal] caU] cal] ca UFE lﬂ cal] cal] cay] ca] cal ca U c*al] cal] cal] ca
UV] cal] ca] cal] cal] cal] cal] ca] cal] ca] ca] ca<qes<<<<<<j =| ===="' >4>6>=>?>C>@QaEEE
FGWs QT vql gb] XS] ca] ca] ca] ca] ca] ca] cPal¥( ajyca] ca] caU] ca] cal] ca] cal] ca] c
aU] ca] cal] ca] cal] cal] cal] ca] cal] ca] c ajc alyl ca
UWWWYZcZaa' d/ d1d3d5d<d>dDdCGdI dRd dudwd d}d/ f 9f g| vgkf a\ W ca] ca] ca]
ca] cal] ca] c$al] ca] c. alU] cal] cal] ca] c$g] ca o] caljcja]ca]cjalca]ca]c.alca]c
a] ca] ca] ca] ca] cJa] cDa] cpa] ca] ca F NH '
00999999g9gggggh” hAhRhi j j kW ar FyPyy} % 1zupkf a\\V\kf a\ W ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] caV] c<al] cal] ca] c(aU] ca] cal] ca] cal] ca] caV] ca
&/]/J Ca}/l C?J] 1?_2 Tm:k/tla: T(olénﬁo_lgnd was bprepared by th]e peptlde cou]plii'ig C]>f | cau
ca] cal] calzr a a] ca] ca] ca] cal] ca
U] c~a] cal ca] ca%ct,ﬁ])c ]%Cafﬁ]f{cﬁ?o‘g J>%I }E ?chﬁai Lﬁ %] ca] ca]«ca] ca
At MAWWY deprotection as described in general metho C [MS
E#) Qzi s. J) yt 0] e2[7yc] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal] ca] ca] c”a] ca] cajcalc
a] cal] ca] ca] ca]ca] ca] ca]ca]ca] ca]calca]lca]calca!)Z-rlv~zupje_ ZU e [V]ca]caU
] ca] caU] ca] ca] ca] ca] ca] ca] ca] caDl ] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] cal] ca] c”
a] ca] ca] caU]ia] ca] ca] ca Example 41
(. KTNUY$%&' +} xpkf a[ VPj ] c*a] cal] ca] ca] ca] caD, ] ca] caDl U] ca] ca] cal] ca] ca]ca]c
a] ca] caD$0] ca] caDP] ca] ca] caU] ca] ca] ca] ca] c ] ca] cal] canpahi j kowyz}!/{vpi
d ZTfa[ VPj]cMU) ca] ca] ca]ca U c™al] ca] cajcal] ca] cal] ca] cal] ca] cal] ca] c"a
U] c”a] caD] ca] caDT] ca] ca] caU] ca] ca] ca ] caly¢c ;
BFH'03: AEGQSY\ _ad}' ./ 3:>J} xskfa\Vj] cal cci\] caD] ca] ca] ca] cal] ca] cal] c
aU] cay] ca] cal] ca] calU] ca] cal] ca] cal] cg] cappal@®a] cMa] ca] cal] ca] ca] ca] caJLQTVY
KRUX\ ~hj r z=Gzuoj d_YTj ] c*] cal] ca] calU] ca] caU] ca] caU] ca] ca] ca] c”a] ca] ca] cal] ca
U c*al] cal] ca] caldgalcal] ca] cal] caJcaJcal] ca] cal] ca] cal] ca&
#bl U_g~~xsmhc] XSc] ca] calU] ca] ca] caU] ca] ca] c”a] cal] ca] caU] cal] ca] ca] ca] ca] ca]
ca] ca] cal] ca] cal] ca] cal] ca] ca] cal] ca] c ; )
m z
~xsmhc”XShc] XSc] caU] ca] ca] c6a] cal] ca]
ay caU] ca] cg%ngaU] calU] c aUl calU] cal] ca] ca] cal] ca] ca]ca
"1'5' < =S C(((, ,vxsmid-ZRnc] XSD] ca] ca] ca] ca] ca] ca] caD ]
]ca] ]caDI F] ca] caUlgalcal eghsal:tpleaDXtdgaleeabhs ad £ialc akaat sn|mealheod] Bal] cal] ca
cajc
[ - b- d- 000000 @EFHEN T TRA™ F¥§388453PIE3 39947 VR FOVRE T K W AT cay cal ¢
a] Ca] cal] ca] cal]gajrealdkeate instead of triethylphosphonoacetate.
U] c™a] ca] ca] ga] ca] caD] ca] caD] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cad4
4) 4-474= 4H4|\§§4d4h4q4u4 ~444444444444444455| wgl ga\ Vhe] XSD] U] ca] cal] ca] ca] caU
] ca] cal] ca] cal] ca] cal] ca] ca] caU] ca] cal] ca] cal] ca] cal] ca] ca] cal] ca] cal] ca] ca
Ul ca] cal] ca] ca5 5555"5-5255575;
5F50675] 5" 5f 5h5k5s556677A7H7J7778888{ vql gb] XSD] ca] ca] ca] ca] ca] ca] ca]ca]ca] c
aU] ca] cal] ca] cal] ca] cal] ca] caU] ca] c”a] caU] ca] cal] ca] caU] cal] ca] caU] ca] cal] c
a) ca
8]8889: E K MP: S <<<<¥%x, <3<9<A<C<K<<<>>>>37A] wr mhb] WRgb] XS] cal] ca] cal] ca] ¢
a] ca] ca] ca] ca] ca] ca] cal] cal] ca] cal] cal] cal] ca] c”*a] ca] cal] cal] ca] cal] ca] c”a]
ca] caD9] ca] caDL] caAAAAACDDDYDFF' G) G,
GbGy GG H HHHHHHHHAIL 81 FI 11 x1 J| vgkf " [ V] ca] ca] cal] ca] cal] ca] cal] ca] caU] ca] ca] ¢
alU] ca] caU] ca] cal] ca] ca] cal ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca
J$J(J2J]J JIbJIdIgJi Il InIwd}JJJIJIIJII: KAKCKI KMNNNNNOyt oj e_ZUkf " [ V] c] ca] ca] c’\a]
ca] ca] ca] ca] c”a] ca] ca] caU] ca] cal] caU] ca] caU] ca] cal] cal] cal] ca] ca
U] c”a] ca] c™al] ca] caU] ca] caU] ca] caOORRRR@ JTUBVCVXZZ[\ \\VvA\y\{\\\\\]]]1]111




$' |wgl gb\'Vjd_ZUU] 1] U] ca] c”a] ca] ca] ca] c”a] ca] ca] cal] ca] cal] ca] c*a] ca] ca] cal
ca] cMa] ca] cal] ca] cal] ca] c*a] cal] ca] ca] c”a] ca] ca] c”*a' 58" (-/DY] & b~xsnga\Vjd
~ZUU]11Y ca] cal] cay] cal] ca] cal] ca] cal] ca] cal] ca] ca] caU] ca] ca] cal] ca] cal] ca]
cal] cal] ca] ca] cal] ca] c*a] ca] ca] ca] calU] ca >Al INUr W " abf

| 11T #zupkfal\Wd_ZUU] 1] U ca] ca] ca] ca] ca] ca] caDe] ca] caDl ] ca] ca] ca] ca] ca]ca]c
a)J ca] ca] caD

-] cal ca] ca] ca] ca] ca] ca] cal] cal] cal] cal] ca##$3$$$$())4)=)) ) ****. +, 7-B-1-6. 9.
[V /#/ % 0/ /00xrmhc”YU]]] U] ]ca] ca] ca] ca] ca]c”ha

U] c”a] ca] ca] ca] €8§8 & ca] ca] cal] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] cal] ca] ca] ca]
cal cal]ca 0 0000$0+0- 00| 113333335555| 6666668667

8} xsnf a\ Wrhc”"YU] ] ] U] ca] ca] caD] ca] ca] ca] caUeal¢a] ca] ca] cal] ca] ca] ca] ca] caD
] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c aD- c '

888{8888888888889999X: a: c:i:u:~: ! X
ysnhc] XRmhc”YU] ca] caU] ca] cal] ca] c '
ca] ca] ca] ca] cal] caU] cal] ca] ca] ca] c"&f

i ay caUﬂ‘:aU]'caU] ca] ca] caD] ca] ca] ca]

caV] ca] cal] ca] ca) ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] cal] ca] cal] ca] cal] ca
U]ca]ca]cAa]%a]Eth%ﬁ¥%¥¥¥mﬂ was prepared by the peptide coupling of

HHHCI cl nl W 1T S 17 B oI £20b)EH) KiKa &k e V6 ] dcaldligal cal] ca] cal] ca] ca] ca
| cal cal cal] cadl galcalcalal calfaleabed) Salgakeal calsad 62l ga) Rag calt cal cau
K# K%K ( KKKLLLMNBpPs PQQ. RSYSTkVNVGXXYYY[ [[\\ | ww mhc”™Y] ] ] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca
] c, al' \ \ KU( KKKLLLMWNNpPs PQQ. RS¥&STkVnVGXXYYY[ [[\\ | wmhc”Y] ] ] ca] ca] ca] ca]ca] c
a] ca] ca] ca] &%1] ca] ca] ca] ca] ca] ca] ca] CM] ca] ca] ca] ca] ca] ca] ca] ca] cal]
ca] ca] caUguxXH} [ 9! GHc10% . & () - ! 8Kc 109 "()-610% & ()-!'*H c1l0%& ()-D' P
cl0% /& ()-D V310% & ()-#HK4: ;<= }rao): cl0%j & ()- 10/ 10/

10/y8]10% & ()-!'@H6" 10% /' / & () -#!*< %W/& ()-#6y&10% & ()- :°

zX6g\:!'Pp 10%&' ()-< !T hp 10909& ()-<{!'fp 1 y ()-< Hp c10%& ()-!Hp

clO%& ()-!':Hp cl0%& ()- <cC HoN N

CN

0
OH
NHBoc

Step 1

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

20
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9xVA4g\ : |\ HL*d109ad& ()- !L*d109& ()- HL*d109%& ()- )!HL*d109%& ()-

I L*d10%gq& () - !Hp 10%478& ()-<

{Y7! I HpYd0% & ()-.! HpYd 0% Q& ()-.! 1 Hp%d 0% ; & ()-.! pYd0%P4P& ()-. 10 10
10: z10%&' () -:}ewxXMB7! 10j 10j 10ji 8z10% & ()-! =Hp% 0% ()-.! ( HYd 0% () -
Hpod0%& ()-.! gHpYA0%CpCp& ()-. ~zX6MB7!! 10%<& ()-!q  109%ZZ& ()-!

109& ()-! 109®5& ()-! 109%5& ()- 109Z& ()- HNW}[9MB7!!!5' @0%

& ()-@' A0%AQE ()-@@0WE& ()-@" 10U2C2& ()-!"

10%<<& () -! 10%&6(3 ] v| 562[ <17 10Z8109%Z& () - #&<7109Z& ()-510%Z& ()-!c

H @0%J& ( 0URRS ()- @' @0%Z& ()- @78=2dVH: 10Z 10 10 10!v

109& () -! h 10%1h&' (O)-1}
fﬁ@
O
CN

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

deprotection as described in general method €. MS (M+H) -
274

10 Example 43

Step 1

0O
OH
NHBoc

i5
Step 1 compound was prepared employing general method B
starting from cyclobutancne and triethylphosphono-
proplionate instead of triethylphosphonocacetate.

20
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10%& ()-i 10% h& ()- 10Z 10Z}6
WU3dVH: | *HS$10%g~g~& () -.!| HS$10%=& ()-.!_HS$10%=& ()-.!*HS$10%99& () -
BHS$10%99& () -.!#S$10% i i & ()-. h!]"#### ##zodY7:!! @Y0%& ()-, 10= 10=
10=8y10%& ()-!HS$10%=& ()-.! nHS$10%=& ()-.!8HS$10%u& ()-.#%&R&D ' ' wJ3dY7
;I H@YA.0%&' () -, ! HG@dY0%&' () -, ! HY 0% () -, ! HGYA0%&' () -, ! H@%0%& ()-,! | H@
pooYR ()-,"' ()*%W& "' *(*Z*zodY::! pl0% h& ()- 10 10

108] 109&' () -! H@@Y40%&' () -, ! H@QYd0%&' () -, ! H@®YO0%&' () -, Z***++++z[ <dY:: ! (10%
h& ()-c10% h& ()-10%

h& ()-! AH6I } 109 F) Z! HBl } 10% | & () - Z! 61 } 109&' () - Z+++4+6+8+: ++/<dY: : 118

H 109%hXh& ()-!/10%& ()-, WM0% h& ()-ts-310% h& ()-! Xy*10%x& ()-y*10%

t& ()-+,,%¢(,7,:,wXedY:: |1 kel 109%<& cl 10%

h& ()--!)<gl0%& () z'U)<gl0% h h& () gt
& ()-z2a@10% " "& ()-:,n,0,p,q,r,s,Vv
p#10%&' ()-"10% & ()-pV1I0% & () - 10 h

h8z10% h& ()-F C 10%

h& ()-,,----- 2X6b@! 11 10%&' ()-1jY 010 LCVOR 0%& ()-! jY c10% /& ()-!
p#10% / & () -!
PH#10%0=0=&' ()-------- zZ[9b@! ! 10%&' ()- 109&& EN-1i " 109KK& ()-! S010%& () - S010

o0& ()-!=10%& ()--{."//////0zodY7: Iu—xe%-&—e— 10/ 10/

10/ 9] 10% & (2-!UH, 10%<& ()-@| H 10%/ & ()- @8, 109%& () - @1;

22345WU3dY7: 3 GHRI0Ygg &otipound MBGIRAXPEE S yl the (OARTARE' CyuplFOHPEUIIL () - .
10%h<h& () -. ! AHLQYE<&( -t SONGTAUBY TMABSEYToh | RALOWREE () -! 10%! () -

deprotection as described in general method C. MS (M+H)
260.

10 Example 44

General Method D: Oxidative cleavage of vinyl
substituent by ozonoclysis. The protected
cyclopentylvinyl nitrile 22 was treated with ozone for 6-
15 8 min and subjected to a reductive guench with sodium
borohydride to furnish the hydroxymethyl analog 24
directly. This compound was deprotected under acidic
conditions with TFA in CHyCl,; at 0°C to give the target
compound 25.
20
Scheme 6, General Method D, Examples 44,46,48

N a HO b HO
BocHN N BocHN N TFAH;N N
8] CN o} CN 0 CN
22 24 25

a. O3, MeOH:CH,Cly, 10:4, -78 C; then NaBH,, -78 Ct0 0 C, 79%
b. TFA:CH,Cly, 1:2, 0 degrees C.
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10 h 10 h 10 h&9z10% h& ()-!\HL0% 8| 8& () -.! HL0% h

h& ()-.8999+9: 9CO}[ 9{ Y7: I 1 1 VC- 109& ()-!8[ F10%& ()- 1) GLOY%& ()-!1) GLOY ()-!
DHI ) GLO%<<& () - 6#109%& () - C9Z9\ 9h9999wX6{ Y7: ! | @ O%& ()- 10% & ()-!

109& ()-!5H 109& ()-!*HVC 109%& () -! KVC- 109& () - 99999: : zX9{ Y7: I | (VI09%& ()-!"
$F109%& ()-}!<H SFL0% ()-}! 10%In& ()-F 10% ()-F!5H 10%ld& ()-F:+ 7:9:;
LG [ zX6{ YT: lli)lo%}}&'()-ID)lo%j&'()-!P+10fVaz&'()-!Hc L*10%gg& ()-d!. He

L* 109 ()-dHc L*109%& ()-d[:;;;;;;:;;bC1li)*10%& ()-p!'VIOWU& ()-< p
10%4.& ()- 10 10 10" 9109k ()-Y /109 ()-;;;;<<><"<bC !!!H 10%L& ()-!+
10%.L& ()-p! 1856&88 () - pH
10%.& ()-p610%.& ()-]010%.& () - ><H<S<” <<zX9bC 1109 ()--!010%7s?& () -
-109& ()--'*10% L. L& ()--! 10% L& ()Hd P& () - <<<<<<=zX9bC: !!<

BocHN

Cyclepentylvinyl 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 CH;Cl.:methanol, cooled to -7B°C and was
treated with a stream of ozone until the.reaction mixture
took on a blue color, at which time, NaBHs (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 quenched 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 EtOAc layer

15 was dried (Na,S04), filtered and evaporated to an oil that
was purified by flash column chromatography on silica gel
with EtOAc to give 922 mg (71%) of Step 1 compound.
MS {M+H) 364.

20 Step 2

HO,
HoN N

0 CN

Step 1 compound (9200 mg, 2.48 mmol) was dissolved in 60

mL of CHyCl,, cooled to 0°C and treated with 20 mL 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 0ODS 30 x 100 mm, 18
minute gradient 80% Solv A:Solv B to 100% Solv B, Solvent
A = 10% MeOH-90%H;0-0.1% TFA, Solvent B = 90% MeOH-10%
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109%.& ()-! D 109%4H& ()-!. H 10%.L& ()-110% ()-!D 10%H& ()-!.109R2828& ()- - =
SB>G>?@aR [ <1C. 10L910%.& ()-!H # 109L& ()-H # 10%& ()-!_

#\10%c& ()-!5 # 109& ()-!10%.¢& ()- @@BABCCDa?C:

10L! *HB109& ()-!*H6109%& ()-! 1HB109%& () -!*PHE10%& ()-!86109%& ()- 10L

10LDEE) FFFGGGAMXMB7: 10 10 10

10C910%&" () - ! 8H6010%&' () - m 86010%&' ()-m \ 6' 610%8&&' () -! TH6L10%& () - GGHI i 11yJ
WU3MB7: | 1HLO%OhCQh& ()-]/! H10% & ()-]/!8@0%< X & ()-]/!fHL0%

& () -1/ *PHI0WTIT& ()-]/18109%hXh& ()-]/yJIKL' MMNNWX9. 7 10 hC910%

h& ()-H10% H,0 1% TFA, collected product from 5.1-6.5 min) to give,
gﬁ%g ) 1%)/ Ihﬁig% (a%fth!; hﬂﬁ&%&zéﬂﬁ&rﬁ ;-f%ggaom& ()6|1sb/ hg HLP0A @@ () 1d / NNNNOPs Q
L& ()-! #p*10% + % ‘?d' Eﬁﬁ % Q%s G liggheio@mfé’é‘l

10L910%.& () -! 10%_L&' ()-1 HLO%& ()-!8HL0%&' ()-! 8HLO%<&' () - UMMMV Y7MB7 10
h'Y :10% O 08 ()-mY :10%L& ()- MO% &\ Lds1HAL0% () - |1 HO10% L& () -
General Method E: Oxidative cleavage of vinyl
substituent by osmium tetroxide-sodium periodate followed
by sodium borohydride reduction to alcohol. The
cyclobutylelefin 26 was treated with osmium tetroxide and
10 sodium periodate in THF:water, 1:1, and the intermediate
aldehyde was isolated crude and immediately reduced with
sodium borchydride to give 27 in 56% yield. Standard
deprotection conditions using TFA afforded the target

compound 28.

15 ‘
Schame 7, General Method E, Examples 45, 47
A\ HO HO
a b
N — N — N
BocHN BocHN TFAH,N
Q CN 0 CN 0 CN
26 27 28
a.0s0Q,, THF:H,0, 1:1; NalQ,; workup,then NaBH,, MeOH, RT. 56%
b. TFA:CH,Cl;, 1:2, 0 degrees C to RT.
N
CN
HO
20 H;N 0
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| pLOY&' () - VWWVXYYZ ZazZwl+7

10L9L109%.& () - ! GHIOMKK! () - L! IHI09BL5L& () - L! 1HL0%65& () - L! 1HL0%| 5] & ()-L! 8
010%G<G& () - LazbZczzd[ [ C\ ]a?7

10L! 8HLOY%L<L& ()-.! HLOY& ()-.! GHLOUKKE ()-.! HLO%& ()-.!ULO%YLYL& ()-. 10L
10L ]5°? K 4 )azx9?7

10LHLO%& ()-.! 1HL09®I 51 & ()-.! HL0Y%S& ()-. HLOY%& ()-.! 1HL09GL5LE ()-. ! 1HL0Y%
L5L& () -.) aaaaaaat boc{ Y70L! WHp* 109%(Y&' () - | 1p*10%&' () -1 np*10%: ()- 10L 10L
10LC910%.& () -! H10° 5& () -.oc' d/ d1dDdl dRdwx6{ Y70L! ¢

| 10%& () - 10%=& %) 0%ba& ()-110%[, [ & ()-!b10%& ()-!Hp* 10%QQ& () - Rdddj di d
rdudv\dwUS{Y70||#10%\/lv&()-||#10%(Y&'()-l ABSL0V& ()-! H) 940%@& ()-! c

| 109 ()-'Ec , |10% ()-wd{d}dde/f 6f 7f

10=1 &910%& ()-! HV- c10%=& () - ! 1HV- c40% V- c10%iu&' () - | #10%, & ()-! |
#1090ME' () - 7f 8f 9f ggggga@ 10= XSI 10% rX rANL10%& ()-)! 10% & ()-)!'1H
LO% ()-1 10% ()- 10= 10=gggh” hRhi W1 @6 0% & ()-!F6 10%&'()-'6
109%%1cnc& ()-!S110% 1 & () - S!S 109& '€
10%/ & ()- 10 |

5 N-Boc protected cyclobutylvinyl compound (Example 31,
prepared by general method C) (0.16 g, 0.46 mmol) was
dissolved in 10 mL of a 1l:1 mixture of THF:water and
treated with 0s0; (12 mg, catalyst) and NalO, (0.59 g,
2.76 mmol, 6 equiv). After 2 h, the reaction mixture was

10 diluted with 50 mL of ether and 10 mlL of water. The
layers were equilibrated and the organic fraction was
washed one time with NaHCO; solution, dried over MgSC, and
concentrated to give a dark oil. The o0il was diluted
with 10 mL of methanol and treated with NaBH; (0.08 g, 2.0

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

20 dried (MgS0,;) and concentrated to give 90 mg (56%) of the

Step 1 compound as a dark oil.

Step 2

CN
HO

25

- 76 -



10 10&9109%& ()-! GHEC1*109%& ()-! GBcl*109%& ()-! @6 10% & () - kkl mynopzX6dY7
10! ! G<HO10% / ./ & ()-F(!| HO10% / & () - F(! 8HO109%& () - F(! @010% /' / & ()- F(!8<01
0%GGE ()- F( 10%&' ()-pgWAr _r rarr>s{Y7 10!!!S10%& ()-s-!rS10% ;& ()-s- 10/
10/ 10/ C910% & () - ! dHOLOYKCKCE () - F(! GH010% d. d& () - F(>sst t 5uv/ wws{ Y7

10! HS109%6& ()-s- ! GHS109%& ()-s-! HS109%=& ()-s-! NHS10%<& ()-s-! HS109%& ()-s-!
\ HS109%&' () - s-/ wawxFyMNyOyPyy}rg\: 1011 #10%' & ()-. 10= 10=

10=1 9109%6& () - HS10%* & ()-s-! 1HS109n& () - s- ! 1IKHS1096n& () -s-yy{| *| } % wUeg\

10! HLOY&' () - . ! 18HEB0AELSI@NS, (94rems 0826)mmalgHyegxaRs YOLlved BHI1BIL & () -

&HL0% }. } & () -. %} o [ 1Ok o 1e 5ng treated wirn
10LCO10% & () - | UHLO%L Y1 & (- ko iRt §2° 5 e O o C) fr?%@(ww«& 0
. e2gWU6VB7 dlstllled TFE The reaction was compiete in 8C min and

% 21(();/& ()X*I 7 CHAP8E 4 & d )t/o bt PHOE *&d( putl fHHO0Y,/ SrégardcivElRRE s & () -*! 110
0 *rw

10/ &910% & (- %@8 é? ‘3[’]3]0 PEHT0%8 9 &) 191 MHITGRIETF I EVHIMFPARED) - * WUBMVBT
10! * HS" 10%Q08' ( L00kB HSSAIOMILRA (¥ - 1 0 HBE0HORXBIZ0-0.. 1 3 HFALOBREEY - B 1+ | HS' 1094

u& ()-.!1S" 10%LB&9(ﬁeOﬁi¥ﬁ¥Yﬁ éﬁﬂd lio%@%§)to ﬁgvlo after removal of
10&910%& ()-!8HS" 10@@.&8 ﬁ S" 10%4JUL 2 Vh7' wJ3dY7
water, mg (60%) of title compound. (MH+ 50)

10 Table 3

NC

Method of
Example R Preparation (M + H]

Ozonolysis/

44 % borchydride 264
Osmium/periodate/
45 § borohydride 250

- Ozonolysis/
46 borohydride 278
HO '

Osmium/periodate/

47 borohydride 202

H;
Ozonolysis/
borohydride
48 g 292
HO
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10! KHLOYRRE () -! 8HLOYSS& ()-! GHL0% / ./ & ()-! 8HLOY& ()-! 8BHLOY ()-! HLOY& ()
-xnb@ 10! KH  S10%&' ()-. 10/ 10/

10/ S$10% & () - 8] 910% &' () - H6COC10%&' () - P! 86C0c10% / & ()-P| WU3nb@

10! 8HS109& ()-.!*HS10%y& ()-.! HS109%& ()-.! HS109%& ()-.! HSL0%& () -

BHS10%& () - . xzodY7 1011@0100/@9&' ()-. 10 10 .

10C910%&' () - ! dHS10%&' () -. ! GHS10%Q8' () -. ! 8HS10%&' ()-.x}| wU3dY7 10! 8Hp109X X
& ()-.!1Hp10%Q8 () -.! @p10% h  h& ()-.! 8HP10WXhXh& ()-.! GHp10%ggé& ()-.! GPHp
10%ghgh& () -. KRSTU+, { Y7 10! ! H6109%& ()-.! PH610%/NV& ()-.!610%& ()-. 10 h 10 h
10 hf &9 10% h& ()-! 1Hp10%QQ& () - . ] WUB{ Y7

10! H610%' & () -. ! GH610%& () -. ! HE10W&' ()Zxa:h 110 * & () - 1 *HB10%&! () - . | HB10%5
G& ()-.T[\]~6{Y7 10!! UPHLO%/LYL& ()- V-1 & ()-V- 10 10

10" 910%&' () - ' HB10%& () -.! UHB10%& () - . 2"2[ 9
10! 11 GHLOYKKE' () - V- HLO%&' () - V- | GHLOUKKE, ( ) -
04L& ()-V-1QXYZ[z[ PE: 10'!! 10L 10L

HO
H,N o)

5 Step 1

NH
Boc

Part A, A 50-mL flask was charged with dihydro-4,4-

10  dimethyl-2,3-furandione (5.0 g, 39.0 mmel), acetic acid
{10 ml), sodium acetate (3.82 g, 39.0 mmocl) and
hydroxylamine hydrochloride (2.71 g, 35.0 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 aqueous phase extracted with EtOAc (3 X 40
mL). The organics were dried over Na;504 and concentrated

to a colorless oil which solidified 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
ethanol and 39 mL of ZN 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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10L° 910%.& ()-! HLO%.L& () - V-! GHLOYKKE () - V-! @HLOYDLDLE () - V- HLO%M& () - V-[Lb
WU3PE:

10! HLO%%+& () -.! 8HLOY%GGE ()-.! 1HLOY%& ()-.! 1HLO9®9& ()-.!*HL0% /& ()-.!10% /
& () - . bk MTUWMXMB? 10! 10/ 10/

10/ | 910% & () - ! U<HL0%<s<s& () -.! HLO%& ()-.! UHLO%C<C& ()-.! GH10% . & () -

] WU3NB7

10! GCHp10% . & () -s-! Hp10%& ()-s-! GHp10% ?. ?& () -s- ! U<Hp10%<<& () - s- ! Hp10%&
()-s-1\plO%C C/ & ()-s- Z! PzX6MBY

10! ! G<Hp10% k. k&a £} -- ! @p$0%1 ' dofing) bSt'&chlﬁb]:O%’&aék ead GHR1H8E . & ) - - ! G<Hpl

0%) 14 ()= it £ S MU LIZ IO BIRNSE 0 L RIOHTR) | @10%

10! | H6109%&' () - . MUH6 IT9RRME Kt v F GHEED e /L €4 - wutthHe%mwrj& ()-.!1GH610%& ()-.!8H6

(00,00 | TSSO R e 4

- - 0, Z !

10! | 1H$109%& ¢ F%F&‘fi‘tiz’%tle&' (¢y-0 I%Kﬁééoﬁ}%‘%’) - %ESE/&" A 28 FBIDRD 2& () -

H$10% . B&' ()- "n):Bé:DEtﬂdx\ﬂa 485! & BEIRURWE YR S50 10/ ofOéther and 50 ml of

101 D10 & | WEBDN ()L BB d AHRLONGEGR L 342607

& ()-s-!1PH610%&rgFtkaen quefé%w (P’)@S§4#9ém/\/l98m7entrated The residue

épcgm%&' g )7 -1 }) :—Ig%y%‘yﬁggiﬂl)e'dSb Hﬁﬂaloa%c(o)mﬁn | IHGEAYES £ Jptsy o6 30U )ges- | GHB10%
] ] O I

&.(%)Sl IH?:O‘V i'l&. (J)'Lt 1%@%%%{% )1r§#h£(gn]ég /@é (1.)e g# 5”19 /?22% overall) of

Step 1 compound as a white solid.
Step 2

HO
NH

TBS——0 Boc

15

To a stirred solution of Step 1 compound (1.00 g, 3.80
mmol) in THF (20 mlL) at rt under nitrogen was added LiCH
hydrate (0.16 g, 3.80 mmol) and then water (5 mL}. The
reaction was stirred at 40°C for 0.5 h and then cooled to
20 rt. The mixture was concentrated to dryness and the
remainder was stripped from THF (2X), toluene (2X} and
THF (1X). The remaining glass was diluted with 5 mL of
THF and treated with imidazole (0.63 g, 9.19 mmol)
followed by t“butyl—dimethylsilyl'chloride (1.26 g, B.36
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 pertion 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
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10 10E (wuU3?7
10! H#P" 10%a&’ () - 6#! H#P" 10%8S& () - 6#! SHEP" 10%SFSF&' () - 6#! HEP" 109 Wi w&' () - 6#
| H#P" 1094 TLT&' () - 6#! H#P" 10%=&' () - 6#Qz{ Y70! | 8H610%&' () -t $! 86109%& () -t $! PH 1
0% ()-p!'*10% ()-p 10" 10" 10°C9 10% & ()-i pqwe+7
109109%&' ()-! 1H610%GGE () -t$! 1H6109%4GGE () -t $! 1H6109& () -t $! 8H610%& () -t $! 8H6
109&' ()-t$qrsN. Ja?7 10! 10% h h& ()-‘ | * HA@L0% J& ()-}! @0%
& ()-}!AHSlO%lh&' ()-S! S10%h& () S 10 10), 189: w¥<?7 10!10% h h& ()-'!!110% h
h& ()-1110% h h :1110%h h& g gﬁow h&'é% @ ?FGHWY_=?27 10!!110% h
h& ()-1110% h h&TEFEHT0EIT R& ¢y - iat 4% o RS Y2V ghi cF?27
10!110% h h& ():i' LE19% 8B & of) Stmoao/oclwmp&uv@q dﬂ@%ﬁhldm&e(s)s- gilassx} =27
10!110% h h& ()-!110%h h& ()-!110% h h& ()-'!1110%h h& ()-!!10% h
h& ()-cF?7 10!! 10%h h& ()-'1110%h h& ()-!110%h h& ()-110% h h& ()-'_=?7
10! 110% h h& () “FFR0%6 h h& ()-110%h h& ()-'1110%h h& ()-1!110% h
h& ()-hF?7 10!1110% h h& ()-'!110% h h& ()-w&l0%h h& ()-110%h
h& ()-',-.31_=?7 10!110%h h& ()-!!10%h h 110% h h& ()-'!!110%h
h& ()-1110% h h& ()-1JKQyhi cF?7 10!!10% h h -'1110%h h& ()-1110% h

! i oh h& ()-110%h h& ()-'!10%
h h& ()-1110% h h& ()-cF?7 10!!110% h/h (117¥0%h h& ()-!!110% h
h& ()-!110% h _h& ()-'_=?7 10!!10% h* 1 1N0% h h& ()-(!10%h h& ()-'!!110%
h h& ()-!! 10% h h& () - ?T-\: 0! R Hz10% é) ' z10%AA& () - ' 10q10q’ 10q

*910%& ()-!110% h h& ()-' T5{Y7~\:
The Title compound was prepared by the peptilde ¢oupling

of Step 2 carboxylic acid with Example é Step 3 amine,
followed by dehydration and deprotection as outlined in
General Method C. MS (M+H) 238.

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

0 o
20 28
a. 10% Pd/C, 1 atm Hp, MeOH, 12h, 100% .

Step 1.

The N-(tert-Butyloxycarbonyl) {1’vinylcyclopentyl)giycine
{2.23 g, 8.30 mmol) was dissolved in 50 mL MeOH and
placed in a hydrogenation vessel purged with argon. To
this mixture was added 10% Pd-C (224 mg, 10% w/w) and the
reaction stirred under 1 atm H; at rt fer 12 h. The

reaction was filtered through celite and concentrated and
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& ()- '! Hz109%& ()- !
| Hz109&' ()- ' nZzY8+: 10: :
Hz10%&' ()- '- Hz10% : & () -

H6C0S10%& () -

10

15

6COS10%& () -

Hz10% k & ()-

Hz109978& () -

610%@& () - a

Hz10% & () -

"bA: 10::

H610%& ()-a HB10% ()-a

'& Hz109& () -
8910% : & ()- 16210%: & ()-# pHHZ10%&' ()- °

t 109 ()-H Y }10% ()-H ¢ 10%&' ()-H 109%&' ()-H10:: 10:: H g

~bl c10%H& () -
[ A 10::

purified by flash cclumn chromatography on silica gel

with 1:% methancl:CH,Cl,; to give the Step 1 compound as a

glass.

(FAB MH+ 272)

Examples 50-56 were prepared by the peptide coupling of

amino acids

hydrogenated according to general method F}

(where the wvinyl substituent has been

followed by

dehydration and deprotection as described in general

methed C.
Table 4
Ry 0
Ry
N
HgN
NC
R1, RZ MS
Example
M + H]
50 Cyclopentyl 262
51 cyclobutyl 248
52 cycloheptyl 290
53 4-pyranyl 278
methyl
54 Yo 236
methyl
55 ethyl, ethyl 264
56 methyl, ethyl 250
Example 57
N
N2 5w

The title compound in Example 57 was prepared by the

peptide coupling of the isopropyl cyclobutane amino acid

- Bl -
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610% ()-a-| _RESO::101010) 10%&' ()- C910%& ()- CO10%&' ()- HOO109%&' () -
C010%& ()-r|[:RE8D:: pC 10%& ()- ' S"10%&' ()- HS10%& ()-0 HS10%& ()-0
| SI0%&’ ()-0 S109&' ()- 0l stuv~| obU40: < }10% ()-101010 " 910% ()-
Hp+109& ()- p+10% ()- pC 10%/& ()-~|[:bU40: 6! 10% ()-  PLO%& ()-
6010%& ()- BHL0%0& ()- 10%a& ()- 810%r& ()-|_RESO: 101010310%&' () -
&910%& ()- ' H6! 10W& ()- H6! 10%& ()- H6! 109%& ()- i!(.|[: RESO:
501/610%23&' ()l- | &10%t & () HGlO%&' () BHGLO%Y&! () - GLOW&' () -

t& ()-.& B580: t @] 91001 -0.0C910% t LH f)
10% (& ()- Hf 8’?6&%«% (5t "‘f)"‘“%‘g 43" e&&%iﬂ?%“%@%ow "0)-1
H6) 109%&' () -] 6)d0H&iny-§o gleﬁ%&aé-)metdwﬂl@‘)/&f(?)l@@it PYOte NSy [icAas0: 10
&910%& () - HGanp%@bQ%tection as described in general method C.

5 Example 58

NH
20 cN

The title compound in Example 58 was prepared by the
peptide coupling of the isopropyl cyclopentane amino 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) 276

15 General Method G: L-Amino acids synthesized by
Asymmetric Strecker Reaction. Commercially available
adamantyl carboxylic acid was esterified either in MeOH
with HCLl at reflux or using trimethylsilyldiazomethane in
Et,0/methanol to give 30. The ester was reduced to the

20 alcohol 31 with LAH in THF and then subjected to a Swern
oxidation to give aldehyde 32. BAldehyde 32 was
transformed to 33 under asymmetric Strecker conditions
with KCN, NaHSO; and R-{-}-2-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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H6p, 10%&' ()- *6p, 10%& ()- Vv' 109 ()- Y 6# 109 ()-$&)*+}\;0: 10 <109%& ()-
WLO% ()- Y 10% ()-#101010F$10%& () - 410% () - | E?}\ : (()) 1%) S$- 1000/&' ()1? &0
HS 109&' ()- *HS 10%m& ()- wiffF109%$& ()- |10% ()-) v 10% ()-lahj!n| _BS;
0: 100A0% ()-10%& ()- 910%& ()- HSs-}10%&' ()- Ss-}10% ()-) -
Y& 109 ()-moya@O0: 10 < =109B& ()- ~H 10%& ()-'  10%& ()-'!D 10%+& ()-'
1098& ()-1010'-/ |[: @O0: 10 HV$109B& ()-  HV$109B& ()- V$10%& () -
\t109%&x& ()- \t1098& ()- 6v109B& ()-189:; BH-vU40: HplOYRE ()- # 10%pé& ()-
v 10%p& ()-108108108 &910%8& ()- HVSL0%& ()-~ "03:Y|[: vU4O0:

|1 *10%pp& () - sdnekRPp&sédera) MAHER d,) ExadPpp&s-Fa Hpl09%NE () -

| H10%&' ()-Y}' . 01| [>14010ppcS10%p& () - " 910%p& ()- ' Hp#/ 10%& ()-

'@

@#/ 10%p& () - {' 0*10% u 14 *10%J0& () - 823: J 010 vee ().
4V10%& ()-f'!V10%575& " VIOY&" () ()-223 @010pp =~ 6P10%E () -

HyCO,C

<

OHC

32
g e
HCl

30 31
HO._ @ d HO._
[:::I/A\N cN [:::I/“‘N CO.H
H H

33 . 34

OH

HCIHN™ ~COgH BOG-HN™ ~COzH
as 1
a. LAH, THFE, 0 C to RT, 96% b. CICOCQCI, DMSQ, CH,Clp, -78 C, 98% ¢. R-(-)-2-Phenylglycinol,
NaHS0,, KCN d.12M HCI, HOAg, 80 C, 16h, 78 % e. 20% Pd(OH),, 50 psi Hy, MeOH:HOAC, 5:1
f. (Boc)Q, K:CO;3, DMF, 92%, 2 steps

Step 1

H3CO,C

Adamantane-1l-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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p10%& () - 10pplOppKRr{Z8@010! 6P10%)z) & ()- 6PLO%& ()-! 6PLOY& ()- <
H6PL0Y%& ()- HGPL0Y%& ()-  WHBPLOY%& () - =DEFGvU30! | c109%& ()-"

1094J& ()- @101010 8109& ()- H6+} 109%& () - 6+} 109& ()- &qg{Z8vU30! !

| c10% ()-" H cl0%J& ()-" |cl0%J& ()-"1]cl0% & ()-" |cl0%&E& ()-"

<X| c10%@M@& ()-" #bij{Z9, 310U &910%4J& ()- &O@L0%J& ()- 510%J& ()-

/ 10%J& () -] cl0%& ()-" | cl0%& ()-"jkl:U a@l0U 610%& ()- X6LO09N(N& ()-!<
61096S& ()- XHLOURRE ()-$ 10%9a& ()- $10UL0U&{ Z9@10U 6- 109%& () -

HEP+109& () - ! 6P+10%% & ()- HBlOWR& ()-  HBlO0%& ()-  610%& ()-vU410 Y
P}109%&' ()-( Y 185 ( s109%&' ()-'101010 &910%&' ()- 6-10%& ()-  |]<vU410
OL0% & ()-t# L109& ()- L109%& ()- t PL0%7&. ()-

OH

Step 1 compound (10.7 g, 0.055 mmel, 1 equiv) was

5 dissolved in anhydrous THF (150 mL) under argon and was
treated with a solution of LiRl1H, (1 M in THF, €% mL, 69
mmol, 1.25 equiv). After stirring at rt for 1.5 h, the
reaction was cooled to 0°C and gquenched sequentially with
HoO (5.1 mi), 15% ag NaOH (5.1 mL), and H;O (10.2 mL).

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%

15 EtOAc/CH:zCl,. This afforded the Step 2 product as a white

solid (8.74 g, 96%).

OHC

Step 3

20
An oven-dried 3-neck flask equipped with 125-mL addition
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 cooled 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 (2.67 g, 58.2 mmel, 1 equiv) in dry
CH,Cl, (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, 5 equiv). After
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P10%=& ()- + P10%& ()- + : Q[ ° m|[:vU410 10%W/& ()-- 109%& ()-

|1099) & ()-t O 109& ()-t ; 109RR& ()-t 10%Ja& ()-tmz !!!|[:vU410
"10%g& ()-- Sf 10%& ()- v 10%&' ()-| O LS10% & ()- F LS10%&' ()- sml0% e
& ()-111mmmn | B5410 10+ 10%&' ()-!10%& ()-6 ~910%&' ()- Hv 210%& ()-

S, 210%' ()- v 3+ 10%&' ()-"""z#8$B$S$&LA410 10  HE10% ()- 610%&' () -

6- 109& ()- | HO*109Mh& ()- 9*109Mh& ()-1010&* ' 1'5' <' > @A | _B5410

10C| 0109& ()-| L10% () -0 |910%&' ()- <7Z109%& ()- v /| 109%& ()-

HB109%: () - A B C(((( )bA410 1 0UH1& ( S#1098 0988& ()

| H} 10%| ~& ()-p-P1 Tg 85@ ,é, was %%”le’fﬁlzLo%T‘%ng%éef‘?t101&910%3&' () -

H&10%&' () - P H&ih@%i&éc( )selﬁuenH&ﬂ_DP}_B&fl(c)] Ebld 20% ag KHPOy (25 mL) and

HE10%& ()-P, ., | 30 108 0 g
1000 () - ]10%J&( 12081{%36%@%)0001@@8%9%&%‘3 s (r)lis%;%?l%%&'() &

, VIO ()-& < BIEXPYER WO Loy b tho (400 mL)and the layers were
Hc 10%4J&' ()-@ﬁ(ﬂJskK&h&ﬁ@dﬂlZTﬁE]63@5M1cs|Hei@gﬁéﬁ%e@)o$ganlc with cold

109%( & () - ST0UQIQUIQUE IO, 36 A0 (e S9NQAK (do' 33333333V 14101
organics were dried (Na;30,), filtered and concentrated.
The residue was purified by flash column chromatography
on silica gel (5x10 cm) with CH.Cl; 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 suspended
in H,0 (145 mL) and cooled to 0°C. The mixture was
treated with NaHSOs; {5.95 g, 57 mmol, 1 equiv}, KCN (4.0
g, 59 mmol, 1.04 equiv), and a solution of (R)-(-)-
phenylglycinol (8.01 g, 57 mmol, 1 equiv) in MeOH (55

20 mL). 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 EtOAc added. After mixing for 15 min the
layers were separated. The aqueous fraction was
extracted with EtOAc. The combined EtOAc extracts were

25 washed with brine (50 mL), dried over anhydrous Na;S0,,
filtered and the filtrate concentrated. The product was
purified by flash column chromatography on silica gel
(6.4x20 cm) with 20% EtOAc/hexanes to give the desired
(R,S) product as a white solid (11.6 g, 37.4 mmol, 653%}:

300 MS m/e 311 (M+H)".
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10%E& ()-& " 109%&' ()-&101010 C9109%& ()- Y 10%& ()-}
61098 ()-3333334zX6vU4101 ! 0$10%& () - K% 10% e, e& () - K%
109%& () - K9 HL0%<<& ()-K%B J10% & ()-K% HLO%& ()- KY&44 4- 4=4NAUAVAYWS) 10
CO10% ()-K i@O0% = & ()-K%h 10%& ()- K988 D10%.L& () - K%
& 10WN& () - K% s109& () - K%/4AWIX4h4ud444a?10 ! 110% o & ()-/ D HLO%& ()-/. D
L109%& ()-/ < 10%z& ()-/!{
109 ()-/10104444444xV4?10! S 109%& ()-/! 0@0%, ()-/!L10%& ()-/!10%[& ()-/ 5
' 1098S& ()-/!+%0%i ' ()-/444444455tR1 5 4 WlO%& ()-!Rwl0% & ()- D
WL0%+& () - 101010°RPLOIE () -! NHL0% & ()-/5- 5F506] 5k5s5|[:tRL 5 4
\v% 109&' ()-f R i&10999& ()- o0& 10%& ()- -$1QUB& ()- 5 WLO%& ()- 5
WLO%E: () - s555677>7?7@A7| [ NA4 108108108 & 8& () -

.

The Step 4 nitrile (5.65 g, 18 mmol) was heated in conc.
5 HCl (120 mL} and HCAc (30 mL)} at 80°C for 18 h, at which
time the 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 ©

HCIHN™ “COH

The Step 6 compound (5.21 g, 14 mmol) was dissolved in
15 MeOH (50 mL) and HOAc (10 mL), and hydrogenated with H:
(50 psi) and Pearlman's catalyst {20% Pd(CH),, 1.04 g, 20%
w/w) for 18 h., The reaction was filtered through a PTFE
membrane filter and the catalyst washed with MeOH (3x25
mlL). 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 €6 compound (& 14 mmol) was dissclved in

anhydrous DMF (50 mL) under argon and treated with K;COj
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H+10% & ()- H+109& ()- d+109%& ()- 8 | \v% 10%& ()-fA7H7I777/88|[: NA4 10
H6$109& ()-v 63109 & ()-v 6S-109& ()- < 109%& ()-} t109& ()- Y <

109& () - 88888888z] @4 10.. 10%.& ()-110%.& ()- d 910%.& ()--

S/ 109& ()--- K /109V& ()---! 6$10%1& ()-v 8899::K: P: S: bA4 10..

pL10%p& ()- 109& ()- 10%p& ()- |HLO% # & ()- 10%

& ()-10..10..S:: <<<¥%, <|[: A4 10 y&L0%& ()-J y&L0%9p& ()-J y&10% | & ()-J p
0d0%pp& ()-  HplO%& ()-w  plOY%& ()-w , <3<9<C<K<<<<xW\6) 10ppl 910%)p&' ) -

0 ' ' 0 0
b, 10% () - Axc<=S2 0 Aoer Mebok 01 W eyt Hnggaipogpey:
| HSO" 109%&' ()-g (S04 &4( W@&Oﬂpf@ﬁb%b’)ﬂmﬂfaﬁ‘lﬁ@ rgtlo‘y&f*(qr (19
HS! 109&' () - ( n, the DMF was removed by rotary evaporation {pump) and
the residue dried further under redﬁced pressure. The
5 residue was mixed with H,0 (100 mL}) and Et,0 (100 mL), the
layers separated, and the alkaline agueous with Et:0

(2x%100 mL) to remcve the by-product from the

hydrogenolysis step. The aquecus was. cooled to 0°C,
diluted with EtOAc (200 mL), and stirred vigorously while

10 carefully acidifying the aquecus to pH 3 with 1N ag HCL.
The layers separated and the agueous extracted with EtOAc
{100 mL). The combined EtOAc extracts were washed with
brine (50 mL), dried (Naz304), filtered and the filtrate
concentrated by rotary evaporation. The residue was

15 purified by $i0; flash column (5x12 cm} with 5%
MeOH/CH,Cl, + 0.5% BOAc. The product was chased with
hexanes to afford the product as a white foam (4.07 g, 13
mmol, 92%): M5 m/e 310 (m+H)'.

20 Example 59

TFA HoN N

ONC

The title compound in Example 59 was prepared by the
peptide coupling of the Step 7 compound in general method

25 G followed by dehydration and deprotection as described
in general method C.MS m/e 300 (m+H)".
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HS! 10%&' ()-(  S!'109&' ()- (#9109%&' ()- 910% & () - AAAAAABCHAL010 Hpd10%&' () -
Ppd10%&' ()- *|Y 10%& ()- |Y 10%W@& ()- 10%pé& ()-1010CDDDYOEF| [ : A1010

HoF(109& ()-j. pF(10%&' ()-j SH10%& ()- SH#109%Rp& ()- !'10%p& ()-

Hpd10%p& () - FFFFFF GbGyGrU410 < @O0%&' ()- ,d10%& ()- <

10%& () - 10pplOpplOpp CO10%pp& ()- HpF(10%&' ()-jyGaxI1J(J|[:vU4l0 v

(109%& () - 6VSV1I0% & ()- @VSVIOW' ()- S|)10%&k ()-g 6fclO%& () -]

\ @ 10%&R&& ()-(J/J0J1J2InIwJ}JJvU410 Z 3ClO0%& ()- H 10%/& ()- 109%&' () -
10% & ()-101010 &910%&' () - JJIK: KAKI KLngJ\{1 .];,060 104]& ()-G 6

ClO% ()-@6 cl0% & ()-@< 10%& ( y!u
3C10%R22& () - L/NNNNNNNNN|[NA410101010 f '() '
Step 1
HO
5 BOC-HN” “COH

A solution .of KMnO, {337 mg, 2.13 mmol, 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 90°C. After 1.5 h,
the reaction was cooled to 0°C, EtOAc (50 mlL) was added,
and the mixture was carefully acidified to pH 3 with 1N
HCl1. The layers were separated.and the agueous was
extracted with EtOAc (50 mL). The combined organic

15 extracts were washed with brine, dried over Na;S504,
filtered and concentrated. The residue was purified by
flash column chromatography on silica gel (3.8x15 cm)
with 2% (200 mL), 3% (200 mL}), 4% (200 ml), and 5% (500
mL) MeQOH/CH;Cl, + 0.5% HOAc. After isolation of the

20 product, the material was chased with hexanes to afford a

white solid (324 mg, 51%): MS m/e 326 (m+H)".
Step 2
HO
BOCHN" N
0
o° NHy

25
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H 10%ld& ()-0 ' .10%ld& ()-0 ' H, 10%l.d& ()-G , 10%]& ()-G NN, O
POQRRR| [ : NA41010  HSL109% ()-L HSL109%& ()-L  HSL109%& ()-L S109& ()-L

S10% & ()-L Y G 109%& () -] RRRRCS@GTXxWANA410! p| 010977& ()-W  p| 0109& () - W
p| 0109& ()- W pC 10%z& () - Z! MoC 10%@ @& () - Z! pC 10900& () - ZGTHTI TIT. UUSVCV
WP/  61098& ()- @r @PL0%B8Y& ()-! N&10%5& () - @ BH* 1098& () - Y

*1098W&' ()-Y 1077 1077 10779%\KyXYYZZZ ZZ| [ NA4 108108- 108 " 91098& ()-
6510% & ()-  HO*1008& ()- GB*10& ()-7 HO10%8& ()-@2Z[\ \v\\{Z9NA4 10

4110%& () -] H dQ0&.C)- EBCOIEIMﬂ&(% nahO % (o d HA) LR (v)as
p) 10948 () -\\ ~Anf't AUAVAWAA[ ob 100k ‘(). (10UL0U10U 10%J&
P"10%& ()-C dissolved ln anhydrous DME (10 mL) under argon and coolea

to 0°C. The following were added in order: Example 6
Step 3 salt (328 mg, 1.37 mmol, 1.1 equiv), HOBT (520 mg,

5 3.85 mmol, 3.1 equiv), EDAC (510 mg, 2.61 mmol, 2.1
equiv}, and TEA (0.54 mi, 3.85 mmol, 3.1 equiv). The
reaction 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 EtOAc {100 mL), washed with satd agq
NaHCO; (50 mL) and satd ag WaCl (25 mlL), dried over
anhydrous Na;S04, filtered and concentrated by rotary
evaporation. The product was purified flash column
chromatography on silica gel (3.8x15 c¢m} with a gradient

15 of 6% (200 mL), 7% (200 mL), and 8% {500 mL) MeCH/CH;Cl:

- to give the product as a white solid (460 mg, 1.06 mmol,

85%): MS m/e 434 (m+H)" .

Step 3
Et;Si0
BOC-HN N

20 o~ NH;

The Step 2 compound (95 mg, 0.22 mmol, 1 eguiv) was.

dissolved in anhydrous CHyCl; (2.5 mL) under argon and
cooled to -78°C. The mixture was treated with |

25 diisopropylethylamine (65 uL, 0.37 mmol, 1.7 equiv), and
triethylsilyl triflate (75 pL, 0.33 mmol, 1.5 equiv), and
stirred at 0°C for 1.5 h. The reaction was mixed with
MeOH (0.5 mL), silica gel (200 mg) and H,0 (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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HP' 109& ()-C7 P"10%.& ()-CMAAAAT:bU4A 1109 ()- rv 10%<& ()- 7v
109%& () - @G10WNV& ()- @109% ()-7 H @10%& ()-~~__ T |[:bu4

| 109&' ()- "109%& ()- 109%& ()- %1 10% & ()- R 10%& ()-7

109 ()-T_[_c_k__ “xWsbU4 6" 10%& ()- H6#10%& () -

6#109& ()-!'z109% ()-!yz10%CC& ()-!z10%?a?& () - aaaaaaaal ob4 <

109%& ()--101010 “910%& ()- |Hv 10%&' ()- v 10%&' ()- 6' 109%& ()-

aabsbc+dd| [ : bu4 H610%C& ()- H610UC& () - 610%&' ()- W10%a& ()- @k<
10965& ()-d @ 10%0& ()-ddddQenffffzY8+410 C910%& ()-- 5 H6, 109D& ()-@
H6, 10% & ()- @ ChEmFEPYY @" B$169age §2-"X1B$TDusHED( ¥ 3£ f f xgchhhhbA410
a&lo% & ()-H ! K409,€C)s Mo afford the product (92 mg, 0.17 mmol, 77%):

MS m/e 548 (m+H)'.
Et,Si0
BOC-HN “f‘ !
NC

o

5 Step 4

The Step 3 compound (20 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 upL, 0.67
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%
EtORc/CHsCl, to afford the product as a white foam {76 mg,
87%): MS m/e 530 (m+H)"

HO
TFA HoN "‘f‘ 5
© ne

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;O (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
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Vv

<

@ 10%& ()- -s109& ()-iii|j~jjj6kbA410  p&LOYE ()-

10%p& ()- fV10%p& ()- v < =10%pp& ()- 10106k Dk CkVKgk|
| {Z9A410 0310%p& ()-& . =10%p& ()-& " 10%p& ()-& " 10%& ()- b 100 ?

& ()- " 10%p& ()- 111 1L vUAL0 6109 09hh&: '

10%&’ () - 10pp102;%>‘f.‘>‘1%"'p|or E@ESG‘/@%’%S(S)“F‘W | |“f/ﬁﬁ(‘%‘a£b§'} “&2’ %}E&a(f)vf"r%g %%(&') (§ Y
$109&' ()- $LOYRENY -LitIE1Q0@OYYRd SBORRMEILA rowimtimhir Y1088 L00@E (e Y
10988 ()--191019@@/&@“,@, J6)- " 910%& ()- v *=109& ()-nFnl nTnWAnm| [ : zY810

$ 1098& ()- 1"1098& ()- p, 1098& ()- S109B& () -

Example 61 6l

L

Step 1

BOC-HN N
0
o NH2

An oven-dried flask purged with argon was charged with
anhydrous CH;Clp; (3 mL) and cooled to -78°C. Treatment

with diethylaminosulfur trifluoride (DAST, 60 pL, 0.45
mmol, 1.5 equiv), followed by a solution of the Example
60 Step 2 compound (131 mg, 0.30 mmocl, 1 equiv} in dry
CH,Cl, (3 mL). After 15 min, the reaction was poured into
a separatory funnel containing satd ag NaHCO;3 (25 mL) and
the layers were separated. The agueous fraction was
extracted with CH,Cl, (2% mL), then the combined organic
extracts were washed with brine (10 ml), dried (NazS04),
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, 0.29
mmol, 94%): MS m/e 436 (m+H)'.
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0 00000| _B5810 10801098& ()-j < 0109B& ()-M CO109B& ()- \/109B& ()- <
P+=1098&' ()- (1098& ()-000"0000ephA810 108 6c1l0%& ()- , 10%&E#& () -

109&#& () - 1109%E#& ()- < 109%#& ()-108108epg>gKgNg| qq| [: AB10 10 xv

S, 108 & ()- 4f)]1109% E#( & ()- (109%E#& ()- Y &I0%EH#& ()- 6%€10% & ()- 6
cl0%.! & ()-qq%,r.r/rOrlr8rsfY810 1 v 10%&' ()-- 10E#10E#10E#Y 0109&E#& () -
T910%EHA& () - 2109%E#& ()- NHv S, 109BE#B& ()-8rDrirrrss|[:fY810 1 SCLO%& () -
Y ]10%&' ()-}E 10%a& ()- 10% & ()- UY 10%& ()- Y

109&' ()-stpuzuugpll:fY810 1 S-10%& ()- F(10%& ()-dE F(10% ()-d

S& 109&' () - HSS10%&' ()-Y SS10%<& ()-Y uwwwwwwwxvU410 pl 109 () - P

pl 10%: ()-P  y10%! ()-101010 " 910% ()~
' ' BOC-HN N

° NC

The fluorinated amide from Step 1 (16l mg, 0.37 mmol, 1

5 equiv) was dissolved in anhydrous pyridine {4 mL) under
argon and cocled to -30°C. The mixture was treated with
imidazole (54 mg, 0.77 mmol, 2.1 equiv) and phosphorous
oxychloride (143 uL, 1.52 mmeol, 4.1 equiv} and stirred at
-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/CHCl; to give the
Step 2 compound as a white foam (126 mg, 82%): MS m/e

418 (m+H) ",
F
TFAHN "; 5
© ne

The Step 2 compound (125 mg, 0.30 mmol) was dissolved in
20 TFA/CH,Cl, (1:1 v/v, 2 mL), and stirred at rt. After 30

Step 3

min, the solvents were removed by rotary evaporaticn, the

remainder was chased with toluene {2x5 mL)}, and the sclid

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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S10% @& ()-! pll109%R2& ()-P Hpl10% & ()-P_zfzhzi zj zkzrztzzzZ: 10

S10%&' () -S109%&' ()- &109& ()-1010&810*10%& ()-i

| 9109%& () -zzzzzzzznP4: 10S10%& () -' S109%& () - 0S10%& () - S10%& ()-' S10%& () - z{{
{{VIW X{i M :" S10%&' () - S109%&' ()-S109& ()-' S10%& ()-S109%&' ()- X{ Y{{{{{{{]jJ.:S1

0% () - SLO%& () - SLO%& ()-)' S10%& ()- S10%& ()-S10%& ()-{{{||||=]1PO: SI0% ()
- S10%&' () -' SLO%& ()- S10%&’ ()- SL10%&' ()-'=| A B| O x|y| 2| {|i K : SLO% ()-' S10%&
()- S10%& ()-S10%& ()-' S10% ()-{| |||k} 8El:SEO% S10%: ()- S10%: ()- S10% ()
-' - S109&' () - S10%& ()-|||+},}-}.}d}I PO - S10%& ()-' S10%& () - S10%& () -
S109& ()-'d}h}i}jI}}}}i K/ :S100& ()-' S1 ) - S10%&' () - SL0%&' ()-' S10%&' ()-}}
}}}E~|eg/o : SéO%&' S109& () - S109& () - S10%&! S109& () - S10%&' () - ~~~9~: ~:

~<~C~ .

9- 109& () - S109%& ()-' S109& () - S109& () - SIO& () - | C~F~M-O-Q-R~S~T~5wj ] < S 9

} 10% ()- 10-1010. s10%& ()- 10%& (5’%“'%&]591 V&) - SSS5100& () - 5! " #- ]~a?j 1<'S
9 ' &10% & ()-> &10% & ()-> &10% & () wE)bp 10% & ()-!bp 109& ()-

| H 109&' ()- -./79EMeX6j]< S

Step 1

BocHN
5 (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

TFA HyN N

ONG

15 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.
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Example 63

TFA KN

Step 1

H3CO,C

An oven-dried flask equipped with a condenser and drying
tube was charged with norbernane-2-carboxylic acid (4.92
g, 35 mmel, 1 equiv) and treated with bromine (2.1 mL, 41
mmol, 1.15 equiv) and phosphorous trichloride (0.153 mL,
1.8 mmol, 0.05 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 continued heating
for 1 h. The mixture was cooled to rt, and Et;0 (100 mL;
was added. The mixture was washed with 10% ag NaHSO3; (50
mL), HyO {2x50 mL), and brine (25 mL). The ether fraction
was dried (Na,S0,), filtered and concentrated by rotary
evaporation. The product was purified by flash column
chromatography on silica gel (5x15 cm} with 2% to 4%
MeOH/CH,Cl, + 0.5% 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
H,CO.C

The crude product from above, exo-2- bromonorbornane-1-
carboxylic acid (4.7 g, impure) in Et;0 (80 mL) and MeQH
(20 mL), was mixed with trimethylsilyldiazomethane (2.0 M

in hexane, 11.8 mlL, 23.6 mol), and stirred at rt for 1 h.
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10

15

20

25

Solvent was removed by rotary evapcoration, and
purification of the oil by flash column chromatography on
silica gel (5x18 cm) with a gradient of CH;Cl,/hexanes
(600 mL each of 20% and 3C%) followed by CH:zCl; afforded
the product as a white solid (3.97 g, 0.017 mol, 79% for
2 steps): MS m/e 233/235 {(m+H)*.

H3CO,C

Methyl exo-2-brcocmonorbornane-l-carboxylate (2.0.g, .58
mmcl, 1 equiv) was disseclved in anhydrous THF (50 mL) 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 equiv) and tributyltin hydride
(3.6 mL, 12.87 mmol, 1.5 equiv), and then heated to
reflux for 2 h. The flask was ceooled 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%
EtOAc/hexanes. The resulting material was used in the

next step without further purification.

Step 2

BOC-HN COzH

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.



&10% & ()->| X:j]< #3' &10% & ()->#3 Al' &10% & ()->!" &10% & ()->(!"
&10% & ()->'

& ()->!"

&10%

10

15

20

&10% & ()->]@]< #3' &10% & ()->!' &10% & ()->#3 A

Step 3

TFA HaN
O CN

The title compound in Example 63 was prepared by the
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]

HaN

Step 1

BocHN OH

0

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.

Step 2

HaN

&10%



&I()_>I
& ()->!"
& ()->!"

&10%
&10%
&10%

10

15

20

23

& ()->vY<j]< #3' &10% & ()-> &10% & ()->#3 Al' &10%
& ()->1" 810% & ()->{Y7j]< #' &10% & ()->"' &10%
& ()->#3

The title compound in Example 64 was prepared by the
peptide coupling of the 4-pyranyl aminc acid described in
Step 2, followed by dehydration and deprotection as
described in general method C. MS (M+H) 250,

General Method H: Strecker Synthesis of Racemic Amino
Acids.

Scheme 10, General Method H, Examples 65-66

a b
0 BocHN
OH H
v a8

COzH

39

a. celite, PCC, CHyCly, RT, 91% b. NH,Cl, NaCN, MeOH; 12M HCI, HOACc;
(Boc),0, TEA, DMF.

Step 1

HO

To a stirred solution of 1jphenylcyclo—l~pentane—
carboxylic acid (5.00 g, 26.3 mmol) in 25 mL of THF at C°C
was added LAH (%2 mL , 52 mmol, 1M) in THF. The
reaction mixture was slowly warmed to rt and then
refluxed for 18 h. The reaction was quenched according
tc the Fieser procedure: careful additien of 2 mL of
water; 6 mlL of 15% NaOH in water; and 2 mL of water. The
biphasic mixture was diluted with 100 mL of ether and the
granular white solid filtered off. The ether fraction
was dried over Na80, and evaporated to give 4.30 g (93%)

of the Step 1 compound.
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&10% & ()->!" &10% & ()-> bE]< #11' &10% & ()->"' &10%

Step 2

OHC

To a stirred solution of Step 1 compound (0.80 g, 4.50
mmol) in 15 mL of CH,Cl, at rt was added celite (5 qg)
folliowed by PCC (1.95 g, 5.00 mmol). After stirring for
3 h the reaction mixture was diluted with 40 mL of CH;CIl;
and filtered through celite. The filtrate was filtered
an additional time through silica gel resulting in a
colorless filtrate, The CHzCl; ffaction was evaporated to
give 0.72 g {91%) of the aldehyde as a colorless oil.

Step 3

H
Boc—=N

COOH

To a 50-mL round-bottomed flask containing Step 2
compound {0.72 g, 4.20 mmel) in 8 mL of water at rt was
added NaCN (0.20 g, 4.20 mmol) followed by NH,Cl (0.20 g,
5.00 mmol). To this reaction mixture was then added
methanol (8 mlL} and the mixture was allowed to stir
overnight. The reaction mixture was then extracted with
ether (2X15 mL), dried (MgSO4) and concentrated under

reduced pressure to give the crude Strecker product.

To a 100-mlL round-bottomed 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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&10% & ()->#3 A

yellow solid. The solid was triturated with 5 mL of 1:1
mixture of ether and hexanes. The white solid was
treated with triethylamine (1.4 mL, 9.992 mmol) and di=-
tert-butyldicarbonate (1.00 g, 4.60 mmel) in 50 mL DMF.

5 After 4 h the pH of the mixture was adjusted to 9 with
saturated Na;C0O; soln. After an additicnal 3 h of
stirring the mixture was extracted with 1:1 ether and
hexanes and the aqueocus fraction acidified to pH 2 with
5% KHSO; soluticen. The agueous phase was washed with

10 ether (2 X 40 mL), the organics dried {(MgS0;}, and
evaporated to an oill that was puriflied by silica gel
flash chromatography with 8:92 methanol:CH;Cl; to give 0.3
g {23%) of the Boc-protected amino acid as a light oil

(M-H, 318).
15
Example 65
HaN N
° CN
Step 1
H
Boc—N
20 COCH
The synthesis of the Step 1 compound was described in
general method H for the Strecker synthesis of racemic
amino acids.
25



©g10% & ()->' &10% & ()->!' &10% & ()->' &10% & ()->-4567BKNvU4 #

Hp® 109@a& () - P 10%G+CG& ()- plOY% ()- pY - 109%& ()- 101010

| 910% ()-Ncs|[>vU4 # HVIOY% ()- p 910% ()-p HSs-10%ré& ()-p

Ss- 109@d& ()- p&LOYD9& ()- p YURIO0U& ()-%yX7 # p 109& ()-)

Ho9c10%#&' ()- } 1Hp9cl0% & ()- o p9clo%e& ()-10101010%& ()-,! 1iprs|[>17
10&109& ()- p910%& ()- pp! 109& ()- Hp!10%*& ()-1

H N:S
? N
0
CN

The title compound in Example 65 was prepared by the

Step 2

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. M3 (M+H) 310.

10 Example 66
' o]
N
Step 1
0
OH
BocHN
15

Step 1 compound was prepared using racemic Strecker
synthesis according to general method H starting from

2,2-dimethyl-phenylacetic acid.

N
HgN

NC

20 Step 2
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p! 10%*& ()- p!10% & ()-stubA7 10 pHp| 1098& ()-- p| 10909& ()- -

ps109& ()- p 10%& ()- p 109%& ()-@O10|[:A7 10 S'-10% & ()- pv Y&LO%& ()-
pv #10%& ()- plOY®@9& ()- p#plOY%& ()- pv Z109%& ()-#; CyX7A7 10 pC910%& () -
HS<. 109%3G&' ()- HS<.10%G G& ()-! S<. 109%\N& ()- pS -10% ()--! HS - 10%

& ()-#yWs 10 pyWL0% : & ()-!pH6 10% E: E& ()- A6 10%WN& ()- p<

910% : & ()-}1010&101 109&' ()- !)034cGyWs 10
pyV\lOXlO%&'()-XlO%&'()-XlO%&'()-XlO%&'()-XlO%&'(); : o0& () |
WL0%&' () - 4<=@.P £6XL09E: ()~ VX100 () - X10% () - XL0%& () - ' VXL0%& ()-T_c
ésmeasg()loo/&' ()-1%%8%??%-‘5{%%5 0) &llgﬁ)ﬁ:(%]‘)e- ']6\9/- ‘3’&%%@?}35% D& {F- wx{ hL, 6X10%
& ()-X109%& ()-' \BEROdgEe( Fosabg Of- K19kt nethy VgheraN109&h¢)adidVX10%& () - X10%&
() =) X109 () - X194% ri he X 1OV e € Er 6L OMR (;ng" 'c(r)a@l(ég‘@%) - X10%&' () --' VX1
0% () - X10%&' () - ZdC- 6X109& 6V V610% {)-'] | J10%& %- 1 I109XX&' () -

6SH 1098 () - XLOGE NPT GZhPt AFSEFFC 108 &1 perprabbagtepd! o, MHaYeH]) - 6<
109 () - 10- 1010 BHLO%E ()-<L] X| [: uSl! v 6(10%@& ()- n 6(10988& ()- n
6109BK8& ()-W6 Y 610%tH#& ()-W  H6&10%:*& ()- R

Example &7

- >

10 Step 1

N-(Benzyloxycarbonyl) succinimide (5.6 g, 22.4 mmol) was
dissolved in CHyCl; (25 ml) and the solution was added to
a cooled (0°C) and stirred solution of diethyl

I35 aminomalonate hydrochloride (5.0 g, 23.6 mmol) and
triethylamine (13.4 mL, 95 mmol) in CH,Cl, (125 ml). The
resulting seolutien was stirred at 0°C for 10 min and then
at rt for 1 h. The soclution was washed with 10% citric
acid (2 x 50 mL),10% sodium hydrogen carbonate (2 x 50

200 ml), and water (50 mL) and was then dried (Na»50,) and
evaporated toe afford diethyl N-benzyloxycarbonylaminc-

malonate as a colorless oil, which crystallized upon

standing at 0°C (6.3 g) (LC/Mass + ion):310 (M+H).

o
NH

Step 1 compound (6.18 g, 20 mmol) was dissolved in dry

25 Step 2

ethanol (30 mL) and added to a scluticon of sodium
30  ethoxide (2.85 g, 8.8 m mol; 21% w/w sclution in ethanol
(6 mLy. A soluticn of 3-methyl-2-butenal {1.68 g, 20
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6810% & ()- X[ bcdevU4! CH 10%& ()- 6 10% & ()- 6< 9}10%& ()- 101010
6Sl 4109& ()-|[:vU4l C 6!\s10%& ()-t6 6 pVIOU& ()-s6 T )
) 710% ()- B) 7109%& ()- ) 710% ()-{Z9vU4! 6210%: ()-
6 W/I109& ()- 6X 109& ()-!6 10%(Y& ()- 6 109& ()- vU4l
T & ()-( "< 10%K& ()-d( 6v 10%&' ()-(101010 60910%&' ()- 6 #&10%&' () -
6Sc(109& ()- 6% 109& ()-6 6V 6# 109& ()- g HS3109& ()- °

6&910%& () -
7109%NV& () -
6+10%& () -

(.][:vWa4l

& () -

R

10

15

20

25

mmoel) in ethanol (12 mL) was added, and the sclution
stirred at 25°C fer 24 h. Acetic acid (0.56 mlL) was then
added the sclution hydrogenated at 50 psi for 24 h using
10% Pd/C (2.0 g) as catalyst. The scolution was filtered,
evaporated and the residue chromatographed on silica with
CH:Cl, / EtOQAc (%:1) to give 2,2-dicarboethoxy-3, 3-
dimethyl-pyrrolidine (1.6 g) (LC/Mass, + ion): 244
{M+H) .

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-proline hydrochloride
{190 mg) as white crystals mp 110-112°C.

0
N\

Step 2 compound (173 mg, 0.97 mmol) was dissolved in DMF

Step 3

(3 mL)/ water (3 mL). To this c¢lear solution was added
triethylamine (0.46 mL, 3.18 mmol) and di-t-butyl
dicarbonate {(0.23 g, 1.06 mmol), and the reaction mixture
was stirred at rt for 5 h.  The solution was evaporated
and the residue chromatographed on silica column uéing
CH,Cl,/methanol (9:1) as eluent to yield t-butyloxy-
carbonyl-3, 3-dimethyl-dl-proline (200 mg) as an oil
(LC/Mass, + lon): 244 (M+H).
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WHS310%&' ()-fz| obU4! 5 *10%&' ()- 1010106 6C910%&' ()- g S) 10%&' ()- g HS)
109 ()- g S) 109& ()-"->K|[:bU4! 5} Hpl0% & ()- n plOY% ()-6
)10% & ()- 6 10%&' ()- 6H10%&' ()- C IH10%& ()- K{vU4l 9< :10%& ()-

. 10% ()- 6Y 10%: ()-101010 6CO10% ()- 6Hp1lO0% ()-P4zYsvu4l °

He! 1096 *& ()- 616! 109& ()- ![SL0%M& ()-!R HSL0% ()- J HSL0% () -

6HSL09& ()- 4| [:
6Y

Step 4

- 410 6C910%& () -

6Y S5WL0% & () -

e,

6634109& () -

%

6c/ 109& ()-F

The title 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)

10

Step 1

15

Sodium ethoxide

220.

Examgle 68

40

™~ 0

: -
: Y0
O._~
N

o}
H004L\

If”

2.9 mmol) in ethanol (2 mL) was added to a stirred

sclution of diethyl acetamidomalonate

in EtOH (23 ml)
20

at rt under argoen.
was cooled to 0°C; and trans-Z-pentenal {1.51 g,

(4.31g, 19.8

mmel) was added dropwise maintaining the reaction

temperature at < 5°C.
was allowed to warm to rt, stirred for 4 h,
{460 plj).
in vacuo, and the residue disscolved in EtOAc

washed with 10% NaHCO:; solution (2x5 mL),

with acetic acid
25

(MgS0y4}) .

After the addition,
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{940 mg of 21 wt% solution in ethanol,

mmol}

The reaction mixture
18.0

the reaction
then guenched
The soluticn was concentrated

(25 mL),

brine and dried

The solution was filtered and concentrated to a



Y. 10%& ()- g H6!10%41& ()- "bA410 6 g HSVIOY&' ()- g HSVIO%& ()- g
SV10%& ()- BH*109%&' ()- *10%& ()-1010nyXK>11101010 69 10%& ()- V
Hp* 10%##& ()-J ° p*10% & ()-J'HS'}10%& ()-!S"}10% c & ()-|[:K>1110 °
6s$10% *& ()-] 6YF10% & ()-F 6¢ct 1098 ()- 6Y 10%& ()- , hF10W& ()-
6F10%&' ()-@JIV|[: K>1110 6 /10% & ()- 66510%& ()- 6v - 10%& ()-.n
H6s$10988& ()-] g H6s$109%41& ()-] g H6s$10%| 1& ()-] V*ef ghFR vU41l Y
Hep10%ti #& ()- Y AHEplO%K#& ()- R 6pl0% ()-101010 6810%&' () -

=" /109%& ()-"h| [;yU411 Y 6Y O-109& ()-Y 6Y i*s100& ()- @R 6Y(10% ()-
66F( 109&' ()- 6Y .rﬁoqﬁieyg,djmn heated to reflux and diluted with

hexane (20 mL). Upon cooling to rt, the title compound
precipitated and was collected to give 3.0 g {50%) of the
Step 1 compound (mp 106~109°C; LC/Mass: + ions, 324

5 M+Na).

Step 2
N
: o
o
N5
o)\

10 To a solution of Step 1 compound {(2.87 g, 9.5 mmol) and
triethylsilane (2.28 mL, 14.3 mmol) in CHzClp; (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 CHClp (100 mL), then treated with H,0O ({50
mL} and seclid Na;CC; with vigorous stirring until the
mixture was basic. The organic layer was separated,
dried (Na;$04), 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+Na).

Step 3

/

O
OH

NH .HCI
25

Step 2 compound (3.73 g, 9.5 mmol) was suspended in 6 N
HCl (20 mL) and HOAc (5 mlL} 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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H6p109%4 1& ()-Dj[:vU41l Y 6910% ()-Y 6H6i 3 109 ()-R } 6i3 10%3G& ()- 6v
2109& ()- 6V "~ O0@LOY%& ()- 66.109%& ()-vyX711l 4HLO%& ()- 6HL0% & ()-

61 109%& ()- 6Y ]109%& ()-1101010"1"109& ()-j:v|[:yX711  6S(-109%& ()-

Hpc109& ()- < pclO% ()- 6v V] 109& ()-1 6S&LOY& ()- 6v 109& ()-b |[:-710

6 9109& ()- } S410%*& ()-] 68&010%&' ()-F n S&10%& ()-F1 OF)3109%& ()-

6} f) 3109 ()- 2710 6Hp| 10%& ()-! hp| 109 ()- Y #hp| 10% ()-n! np| 10%pé& () -
6Y ]109& ()-1010:r|[:-710 609109& () ( 6pYd0%& ()-'  HpYdOo%&: () N

%d0%& ()- 6 V$ 6 Llyl0% A7 SC1Q08 * &
g#HSclOg/e)&' ()-z %9‘1/%‘%’0/(80(“5’0“%% afov;& &"(3 6 ’5 ‘%gé)g 275~ f0162) BB( 429A710
H6) 109AJU& () - & 6B)109D& () - & BHFLOYR () - & 6#10%& () - &'g HSC109d:1: & ()-z °

Sc10% *& ()-zvU410 6 plO%& ()-( QH3109%& ()-P( 6310%& ()- P(101010
6910%& ()- 66) 10%& ()-|[:vUA10 6 J°110% ()-Q6 10% ()-6 6

Step 3 compound (692 mg, 3.76 mmol) was dissolved in
acetone (12 mL)/ water (12 mL). To this clear sclution
was added triethylamine (1.9 mi, 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+Na).

15
Step 5
N
oy
H
0 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 C (MS (M+H)
234) .

Example_ﬁa
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P10%&' ()-f g10% .& ()-g 6xgl0%& ()-g 6VI0%& ()-vU410 6 109& ()- BLOY%& ()-0
610% ()-0101010 60910%&' ()- J (109& ()-f{'|[:vU410 6 n HplO% ()-B
68HP109%& ()-6 n Hp109%&' ()- ~ plO% ()- 6, d10%& ()-C 6V10%&' ()-} {naT310
109&' ()-21061010 6&910% ()- p .10%& ()-! p .10%,& ()- v
Hp10%&' ()-  7A{Z9aT310 6HEF109R& ()- v HEF10%@@&' ()- n HEF10988&' () -
686F109& ()-! 10% & ()-z BH 10%K& ()-zAHT !")| obU4l0 6< 10% ()- (101010
6C9109& ()- n S.YL09B8& ()-f 6f)glo%& ()- 6v ( 10%& ()-)38m | Z9bU410
646f &10%2 & ()-! 6f &10%&' ()- BH310%&' ()-1 310%A& ()-1 _|< 10%)& ()- 6|<
10% & ()-.; zY8+218P6E910%& ()- /109& ()-1 6/10% ()-1- 6Sv.-109& ()-- °
S| ' 109%*& ()--! Hef &109I X & ()- LbA41 6v *109& ()- 6v 109%& ()- 6V
10%&' ()- 6, VIO%& ()- 6v ]109%&' ()- HLO1OLESy~|[TA410 6 !10%&' ()- 6 10%& ()-
d @0%& ()-M6H @O%: ()-M 2 @O0% ()~ MOpelo%g ()-& |[:-410 6COL0%& ()- n
p(L10%: ()-0 g N
O
Hoo)\

Sodium ethoxide (940 mg, 2.9 mmol; 21% w/w solution in

5 ethanel) in ethanol (2 mL) 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°%C; 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 guenched

with acetic acid (460 pl). The solution was concentrated
and the remainder dissolved in EtCAc (25 mL). The
organics were washed with 10% NaHCO; solution (2x5 mL),

15 brine and dried (Mg30y). The solution was filtered and
concentrated to 10 mL volume, then heated to reflux and
treated with hexane (20 mL}. On cooling, the Step 1
compound precipitated and was collected (3.3 g) (LC/Mass,
+ ion): 338 (M+Na).

20
Step 2

O~

N o
o)\

-
:ZZIW

235 To a solution of Step 1 compound (3.0g, 9.5 mmol) and
triethylsilane (2.28 mL, 14.3 mmol) in CHpCl; (30 mL)
under argon was added TFA (7.35 mL, 95.3 mmol) dropwise
with stirring while maintaining the internal temperature

at 25%, by means of an ice bath. After stirring for 4 h
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Hp( 109%& ()-0 ° p(10%& ()-0 6p' 10%& ()- 6" 10%& ()-' () 06Nb@10 6!Y
y109&' ()-/ R HIO%& ()-w < P10%&' ()-w 6110%& ()- 6 109%&' ()-1010zY8@10 6
2y10%& ()- 6p) 1109&' ()- n HpY 109%& ()- Vv p% 109%& () -
6y109&' ()-/!hyl09BS& ()-/vyvU4l10 6610%& ()- J H610%1& ()- C 1610%*& ()- <
610%6#& ()-101010 6810%&' ()-y(+{Z9vUW410 6<710% ()- 6< 210%& ()-
6' *1090N& ()-k!n H *10%J U & ()-k | 10%c& ()- 6@ 109%&' () - +23456=+vU410
Hv10%a& ()-0( 6v10%& ()-0( 6 109%& ()-( 6 V109%&' ()-t' 101010 60910%&'()-+;
LVZXVBVUMIO 6/ 0%& - 6 inD%&'g)-IGH *109890& ()-] !'bH *10%& ( J n 2
*109@' ()-] ! 0/§S&' W 6&6@/&‘{‘:“6?610?(% b B ST l)utP
6C9} 10%&' ()- m#mﬁ/&f(zm;u (ROR1O0E (OhelttbfedBIOith J,0@50%48) (Jra J

solid Na;CO3; with vigorous stirring until the mixture was

basic. The organic layer was separafed, dried (NazS04),

5 filtered, then concentrated to give the title compound as
an oil which was used without further purification

(LC/Mass:+ ions, 300 M+H).

Step 3

10 . ny  HC

Step 2 compound (3.8 g, 2.5 mmol) was suspended in 6 N
HCLl (20 mL) and HOAc (5 mL) and heated at reflux for 20

5

15 h. The reaction mixture was cooled, 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

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 mi, 12.8 mmol) and
di-t-butyl dicarbonate ({928 mg, 4.24 mmol). The reaction
mixture was stirred at rt for 18 h. The solution was
evaporated and the residue chromatographed on silica

30 column using CHyCl:/ methanocl (9:1) as eluent to give the
title compound as an oil (LC/Mass, + ion): 238 (M+H).
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@109 ()- 6 SLOY% ()-# 6109 ()- 1109 ()-1 61109 ()-1# |[:f Y810
21094 & ()-g kI .10%& ()-| 6 .109& ()-| 6,-109& ()- Y H GLOW& ()-9 °

| GLOY%&' ()- 9", vU410 BH< 109R0R& ()- < 109R0R& ()- 6 10%& ()-101010

689 109& ()- 6H2109& ()-g, 1; FlzY8vU410 H&I0% & ()- v &10%& ()-

68109%0& ()-! H&10%uU& ()-In &LO%& ()- R &L0%& ()-!)*+ 3:2ttRL1 p}10%& ()-

1 p} 109 ()- ! @)} 10990& ()- ! p}10%<& ()- 100100100

689} 10%0& ()-t 1EJQTczYStRI1 9 i10% & ()- 66%40%& ()- 6Y F

109& ()-! S vloty%%%;é I 5SI v10%: ()-j W}10% ()- ckF'|[:-110 6f8}10%& () -

H 2109 ()- 6@ZI0Y%& ()- n H&LOWU& ()- } &10%I/d& ()- 6 i109% ()-a@1l0 6
6. Hsl 109& ()- 6sl10%& ()-6 6Y 109%& ()~0-6H 109& ()-0

-
=
-

W H

1% 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 a]
n
NH
2 ¢N
Step 1

Ayl

Step 1 compound was prepared by the procedure described

15

in General Method C starting from N-Boc-S5-t-
20 butylcysteine.

Step 2

Q
/+\§/ﬂ\rJ\N
NHBoc
© CN

25
A 25-mL round-bottomed flask equipped with a magnetic

stirring bar and N, inlet was charged with Step 1 compound
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109& ()- 01010, ?|[: @10 ,109%& ()- 6,10% & ()- 6Y * 109 ()- 6HPLOY% ()-f g

Hp1O9N& ()-f n HpLlOY%JU& ()-f| obU410 6Y 109& ()-#101010 6f 9} 109& () -

66) 1" 10%'& ()-j ~ 6)1 10%3G& ()-j 6/ 10%& ()-#- 3yX7bU410 66109%& ()-

H6C109%41& ()- R 6cl0999& ()- 6$10%& ()-!Y$10%s& ()-! $10%&' ()-Q [ 9bU410

. 1. 10%008 ()-0 v H(*10%]& ()- 68(" 10%& (-)- 5 110%& ()- 6@ 10%& ()- 6Y f
109& ()-vU410 )Y MIO% & ()-g' 2)Y MLOY% ()-g 6 109%& ()-101010 6f&9" 109%& () -

6_.' 100& ()-0B6*-|[:vU410 6pC 109%& ()-2 n Hp<010%&' ()-w 6 g p<010%&' ()-w

H 610%/& Z; 630 514 a e m h 1% ure
10%% " 101(())106 %ﬁg}dlioé&ﬁ/%ﬁ(r& 14 aRIPEIHI& 0} 2,3 4@, N1 T KA ob

was cooled to 0°C and treated with m- chloroperoxybenzoic
acid (B5 mg, 0.44 mmol) in CHCly (2 mL). After 3 h the
solution was diluted with CHCl; (7 mL), washed with 5%

5 NaHCO3; (2x5 mL), H:0 and dried over Naz304. Removal of
solvent gave crude sulfoxide (100 mg), which was used
without further purification (LC/Mass, + ions): 384
(M+H) .

10 Step 3

o O :?
1
%Sﬁ)LN
NH, CN

15 Trifluorocacetic acid (1.5 mL) was added to a cooled (0°C)

solution of Step 2 compound (100 mg, 0.26 mmol}) in 5 mL
CH,Cl,. The solution was then stirred at 0°C for 1.5 h,
diluted with CH;Cl, (5 mL) and concentrated under reduced
pressure to a thick ocil. 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%

25 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

A

O
30 NH, CN
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PF1c10% & ()-j 6*gl0%& ()-1 6 (109%& ()- OEQzY7bU410 ! 65$109%& () -

H6C109%GGE ()- 6*6C10%& ()--!6 6c10% 1 & ()-!g 6CLOYNNE ()- PH

109& ()- O "#$9% YL?210101010 6f C9} 109& ()- 6S$L109& ()-- g HsSLOYNNE () -
6Hs$10%€& ()-! P s$10977& () - % 4=| Z8L?21010! HLO%& ()-q! 3 10977& ()-q

| p10%& ()- } :< i109%& ()- g < i 109%Kké& ()- 6< '10%: & ()-& [:L?21010!

6+ 10%: & ()- 6 F(YL0%:& ()-@3j|!10%7& ()- 6?|!110%:& ()- 6YUd0% : & ()-
6 &10%:& ()-/78|[:-210:: 61 C9}10%:& ()- 6 510%:& ()-] 3| @ 10%7& ()-
68| @10%: & () - Hl glg%:&' ()- 6 -10%:& ()-89:a?210:: !*10%t t& ()-

L] *10%VBARE ()- ~ 6°10%: & ()- PHpDLOY% ()-Y pDLO% ()-Y 10::10::zX7?210::

6H 10% H & ()- !*10% e e& ()- ° H109%dd& (o- 4 H 10%d& ()- g
*109kk& ()- *10% WW' ()- vU410 < P 2&"I =\ 6< P10% & () -
) 1] :
O
NHBoc CN

5 A 25-mlL round-bottomed flask equipped with a magnetic
stirring bar and N; inlet was charged with compound from
Example 70, Step 1 (78 mg, 0.21 mmel} in chloroform (3
mL). The mixture was cocled to 0°C and treated with m-
chloroperoxybenzoic acid {144 mg, 0.84 mmol} in CHCl; (2

10 mL). After 30 min at rt, the solution was diluted with
CHCl; {7 mL), washed with 5% NaHCO; (2x10 mL), H,0 and
dried over Na;30,. Removal of solvent gave the crude
sulfone.(loo mg), which was used without further
purification (LC/Mass, + ion): 344 (M+H-Bu).

15
Step 2

o)
0 e
u
%\ﬁ/?l\N
O NH
2 CN

20 Trifluorocacetic acid (1.5 mL) was added to a cooled {(0°C)
and stirred solution of Step 1 compound (100 mg, 0.26
mmol) in 5 mlL CH;Clz. The solution was stirred at 0°C for
30 min, diluted with CH;Cl: (5 mlL) and concentrated under
reduced pressure to a thick oil. The product was

25 purified by reverse phase preparative column
chromatography on a YMC 55 ODS 20x100 mm column to give
the title compound, 14 mg, 17%. 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%

30 methanol/water/0.1 TFA. Flow rate:20 mL/min. Detectiocn

- 110 -



H< P10 1 & ()- 6 10% & ()-10::10::10:: 619 10%: & ()-->zY8vW410

PHEp#10% & () - & PEp#10% & ()-& Ep#10%& () - & "HEp#10%&' () - &

PHEp#109%! & ()-& PP Ep#10% & ()-&>xLvT310 ~ "pl0%-& ()-S(!'pl0%:& ()-S 6
910%&' ()-#10"10"10" 6C9}10% & ()- - HEp#10% & ()- &LTW k{ Z9vT310 °

6c) 1010%&' ()-g 6 p&LO% ()-. FO010% ) & ()-] 6F010%& ()-j!6Hpl0%& ()-S g
Hpl0%&' ()-SY  vU310!S10% 9 9& ()- BpY 10%& ()-( pY 109 ()-(101010

6&9 10%& ()- <¢)1010%U& ()-g \$[{Y8vU310! 6 -{10%& ()- !$P10%& ()-! MP$10%

'&I()' n HpCl%%@éi%ﬁgé%:p%%g%&:&gfedéqg%o%ﬁ%é)fb[Min.‘ (ﬂG%%%gg,‘+
ion): 300 {(M+H).

Example 72

TFAHN

The title compound was prepared following a published
procedure (Sasakl et al, Tetrahedron Lett. 1985, 36,

10 3149, Sasaki et al. Tetrahedron 1994, 50, 7093) used to
synthesize (2§, 3R,4S)-N~Boc-3,4-methano-L-proline
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.

i5

Example 73

20 The title compound was prepared by coupling (25, 3R,48)~
3,4-methano-L-proline carboxamide-N-trifluorcacetate
described in Example 72 with L-cyclohexylglycine and then
dehydrated to the amide with POCl;/imidazole and
deprotected (N-terminal nitrogen} with TFA using general

25 C (FAB MH+ 248).

Example 74
N: ;
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S10% & ():  H010%: ()- 6)0L0% & ()-" 101010 6i 9} 10% ()-
SLO% (), 6 310% ()~ HS10% & (y- (| obUALO! 6] 10% & {)- nT010106 '
. - 6 - (] obUA10! 6j 10% & () - i

2%2'1(%8;{?8‘(9'@325%}3338-6_vRH§igg;gf§&'(§>-s‘ S5310% é‘?()'g(l?hole[:bmml 6

: . - '()- 6SLCLO%& ()- P 109%& ()- '
1H 109& ()-m_ |[:bU410! 6 63J109%& () . ()
; . = - : - W'10% !& ()-#6 C H ' 109 .

100X& ()-# BY % 109%& ()- R SP"C10%& ()- | CH'10% & ()-#
10%& ()-101010 6C9" 10%& ()- 666510%& (Q] VUHO OVIONE ()= B

The title compound was prepared by coupling (25,3R, 45} -
3, 4-methano-L-proline carboxamide-N-triflucrocacetate
described in Example 72 with L-tert-butylglycine and then

5 dehydrated to the amide with POCl;/imidazole and
deprotected (N-terminal nitrogen) with TFA using general
C (FABR MH+ 222).

Example 75

N

10 O CN

The title compound was prepared by coupling (2S,3R,45)-
3,4—methano—L—proline carboxamide—N—trifluoroacetate

15 described in Example 72 with L-valine and then dehydrated
to the amide with POCli/imidazole and deprotected (N-
terminal nitrogen) with TFA using general C (FAB MH+
207 .

20 Example 76

"0 CN

The title compound was prepared by coupling (2S,3R,45])-
25 3, 4-methano-L~proline carboxamide-N-trifluoroacetate
described in Example 72 with N-(tert—butyloxycarbonyl)—
(l'ethylcyclopentyl]glycine described in General Method B
and then dehydrated to the amide with POCls/imidazole and
deprotected (N-terminal nitrogen) with TFA using general

30 C (FAB MH+ 262).
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6651000N& ()-]+>A| [: vU410! 6 6p#/ 109%& ()-6 n Hp$L09& ()-w Y p$LOY& ()-w
6HP\ 109& ()-0 J Hp\ 109& ()-0 J p\109%& ()- OAl KLMNUrzY810! 6 109%& ()- @
X109RR&' ()-- 6 10%&' ()--1010101 10%& ()-0 6C9° 10%&' ()-rW|[: zY810!

689 109& ()- 6 34=109& ()- 62109%& ()- 6 L* 109%& ()- 6HL0% & ()- °

109& ()-_acdef @ }\; 10!  HA109& ()- Y AHA109& ()- C

d109%&' ()-101010+L10%& ()-OF 109& ()- W |[!!!1I>"[[:}\;10! n )109%& ()-*
0! 1098 ()-0 6' 10%&' ()- 6 10%&' ()- g HS10%& ()-)

6% SLOUR () - >" YHHHHHSSVUAL10! B6HLOWR ().- M 10%a& ()- MLO1010 69} 109& () -

)109%& ()-* ) n H 109%& ()-* $$$$$%& [ : © d'n HIOW& ()- ~ 10%& ()- &
of 109%&' ()- 9f 10%&' ()- 6PL10Y%& ()-) 6 10® ()-& (())1)2)3)4)|[NA410! 101010
69" 10% ()- n _ X
H,N N
O CN

5 The title compound was prepared by coupling (28, 3R,48)-
3,4-methano~-L-proline carboxamide-N-trifluorcacetate
described in Example 72 with N-(tert-butyloxycarbonyl)-
(1"vinylcyclopentyl)glycine described in General Method B
and then dehydrated to the amide with POCl;/imidazole and

10  deprotected (N-terminal nitrogen) with TFA using General
Method C (FAB MH+ 260).

Example 78

HO
HO
H,N N

O CN
15

N-[{(S)-cyclopentylvinyl)-N-tert~butoxycarbonylglycinyl]-
(25,48, 5S8) -2-cyano-4, 5-methano-L-prolylamide (70 mg, 0.19
rmmol) described in General Methed €, Step 2 was dissolved

20 in a mixture of 2 mL t-BuCH / 3 mL THF and N-
methylmorpholine-N-oxide (33mg, (.28 mmeol) was added
followed by osmium tetroxide (0.1 mmol, 50 mol%). The
reaction was quenched with 1 mL of 10% aqueous NapS0; and
was taken up in EtOAc and washed with Hz;0 5 mL, dried

23 (Na;504), 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+ 224).

30
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HL3c10%&' ()- ° L3cl0% ()- HLO%& ()-) } HIOW& ()-4)))****|[: NA410! 10
nl 1090JU& ()-0 6Y F 10%&' ()- 6610%& ()- 6Y i 10%&' ()- 6 WO%& ()-) 6Y

@OYR ()-**.++,7-?2-@|[:-410 6f C9} 109%& ()- HE#L09K[ kK& ()-* }
H6#10%l: d& ()-* } 6#10%ld& ()-* =~ 6l ]10%GaG& ()-

| 10%&' ()-0@A-B-1-6.9./% a@10 6 f"10%0C& ()- 6pl0%&' ()-M!6Hpscl0%' ()-m R
Hpsc10%&' ()-m 6 10%& ()-1010% +/ 0/ </ H J/ R ~*>@10 ' $+h10%& ()-O

$+h109%& ()-O $+h10%& ()-O $+h109%&' ()- O 8Hf "10%& () -

6) H "10%&' ()-RIV/IWZ/f/m g/ _?@10 ' $+h10%&' -0 $+h10%& ()-O

$+h10%&' ()- O $+h10%& ()- O #3(g' $+h1 lrlxl11]] <@1l0 #3(g'

$+h10%&' ()-O $+h10%&' ()-O %

5 General Procedure I: Synthesis of Quaternary Amino Acids

Via Michael Addition to Malonates followed by Selective

Hydrolysis and Curtius Rearrangement. Examples 79-84.

Cyclchexanone and diethylmalonate underwent Knoevenagel
10 condensation mediated by titanium tetrachloride in THF
and CCl, 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 protocel. Ester

44 was saponified to give the quaternary aminoc acid 45.

Scheme 11, General Method I

Q a b c
o EtO _oe EtO OEt EtO OH
0 O o © 0o o
40 41 42
d f
HO

a. THF, CCl, TiCl,, diethylmalonate, O C; pyridine, THF, 0 to RT 72 h b, MeMgBr,
Cul, EL,Q, 0 C c. 1N NaOH, EtOH, RT 6 days d. Ph,PON3, TEA, RT to reflux to RT,
720  BnOH e. 10% Pd(OH),/C, EtOAC; (Boc),0, KzCO3, THF f. IN NaOH, dioxane
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$+h10%&' ()-O

$+h109& ()-O $+h109& ()-O $+h109%& ()-O $+h10%& ()-Q/////]1{_?@10 #

$+h10%&' ()-O
$+h109& ()- Q' /
$+h109& ()-O
Pp6<109& ()-"

$+h10%&' ()-O#3(g/////// D@10 #3' $+h10%&' ()- O#3(g'
$+h109& ()- O#3(g' $+h10% ()-O $+h10%& ()-O

[111]_2@10 # $+h10%& ()-O $+h10%&' ()-O $+h109%& () - O#3(g'

$+h10%&' ()- Q' /// 0000~ A441010 10%&' ()-0 p9| 10%&' () -
$+h10%&' ()- O#3(g' $+h10%&' ()- 00 000$0+0- 00bA41010

pl0% S*& ()- ps109& ()- p | 109& ()- pHLOW& ()-

10%<& ()-101000| 11233 [: A41010 pp, 2109%& ()- HpYLO0USCE ()- pYdoYdl& ()-

P*p" 10%& ()-@pv |]10%& ()- pplO%& ()-333333355zY8101 HSCIO0W/WE () - -

Sc10%/UV&' () - -

BYep10% U & () - - 101010F0109%&’ () -

P9 109& () - 55556| 66yX7zY8101 pY

10

15

20

25

EtO OEt

According to literature procedure (Tetrahedron 1973, 29,
435}, a mixture of dry tetrahydrofuran (400 ml) and dry
carbon tetrachleoride (50 mlL) was cooled to 0°C {ice-salt
bath) and treated with titanium tetrachloride (22.0 mlL,
0.2 mole}. The resulting yellow suspension was stirred
at 0°C for 5 min, treated sequentially 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
pyridine (32 mL, 0.40 mole) in dry THF (60 mL), stirred
at 0°C for 1.0 h, then at rt for 72 h. The reaction
mixture was guenched with water (100 mL), stirred for 5
min then extracted with ether (2 x 200 mL}. Thé combined
organic extracts were washed with saturated sodium
chleride (100 mL), saturated sodium bicarbonate (100 mL)
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 oil. Yield: 5.25 g (22%). MS (M + Na} 263.
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I 10% U: & ()-

pS| y10% : & () -

H6) (10%r& ()- 6)(10% Ur& ()-
L'} S| yl0%& ()-L! S|yl0on] & ()-L666666666] RE8101

10: U 10: U: 10: W) 010% U & ()- p9 10% U: & ()- p6610% U: & ()- | 010%@&
p@010% : & ()-J67 888898|[; RES101 1' 10%' J& ()- 10%' J& ()-1 plO%&' ()- |
PP10% ()- pv V10% ()- PS*10% ()- 0%B18; 878 @BCBCBEEREB101 1"

1009' J& ()-' 1000 J& ()-''  10%)° J& ()-'  10%)' J& ()-

109" J& () - CBSBT8WBDSS 88j 8eG+8'  10%)° J& () - 1099 J& ()-' 109"

1094 J& ()-"" é Q& () - 18u8y828{8886D+8 1099' J& () p- 109B& () -
)

pV$- 109B& () -

P8 109B8& () -

10

15

20

25

8010%& () - \ )@DlOW&T()- 10
/ 1098&' () -888888[ 99bA8108 p HI 10%& () - m
p s10%& ()-108108999999X: a:i:zY8108 @ OYRRE

J& ()-'-'" 10%' J& ()-' 10%' J& ()- 88888888

0k&'()-3 P@ 109%& ()-3 p
o& ()- p\sl0%& ()- p Cl0
)- h@OYKKE& ()- p

. _QEt

EtO

According to literature (Org. Syn. VI, 442, 1988; Liebigs
Ann., Chem. 1981, 748) a mixture of 3.0 M methylmagnesium
iedide (3.1 mL, 9.36 mmol) and cuprous chloride (9.0 mg)
was stirred at 0°C (ice-salt water bath}, treated with a
sclution of Step 1 compound (1.5 g, 6.24 mmol} in dry
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
10% HCl (3.7 mL) then extracted with EtOAc (3 x 25 mL).
The combined crganic extracts were washed with 1% sodium
thicsulfate {2.0 mL) and saturated sodium chloride (2.0
mL), dried over anhydrcus magnesium sulfate, filtered,
and concentrated. Flash chromatography 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
(M+H) 257,

Step 3

EtO OH

A solution of Step 2 compound (1.09 g, 4.03 mmol) in &
mixture of methancl (5.4 mL}) and water (2.7 mL) was

treated with 1N sodium hydroxide (4.84 mL, 4.84 mmol cr
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10%J&' ()- 101010 10%& ()-3 p9}109& ()-i:u:~:1::::~">zY8108 |10% ()-Q

| 109%& ()-Q | 109& ()-Q | 10%&' ()-Q @ 0% ()- p@O% ()-:::::::C z
| 109& ()-QcB |10%& ()-Q | 10%& ()-Q | 10%& ()-Q |109& ()-Q:::::: 2?2z
| 109%& (| 10%& ()-Q | 109& ()-Q | 10% ()-Q | 10%&' ()-Q | 10%& ()-Q
| 109%&' ()-Q::::::9gGz |10%& ()-Q |10% ()-Q | 109%& ()-Q | 10%&' ()-Q cB
| 109%&' ()-Q::::::Cz |10% ()-QcB |10% ()-Q

1.2 equiv) and stirred at rt for 6 days. The reaction

mixture still showed the presence of starting material,
so THFE (4.0 mlL) was added and the entire mixture stirred
for another 2 days. The solution was evaporated to

5 dryness and the resulting syrup partitioned between water
(8.6 mL) and ether (15 mL). The aqueous phase was
acidified with 1N hydrochloric acid (4.8 mL) to pH 2-3
and extracted with EtCAc (3 x 25 mlL). The combined
organic extracts were washed with brine (10.0 ml), dried

10  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

1
0 CBZ
20

According to literature (J. Org. Chem 1994, 59, 8213), a
solution of Step 3 compound (0.875 g, 3.83 mmol) in dry
benzene (4.0 mL) was treated with triethylamine (0.52 mL,
25 3.83 mmol) and diphenylphosphoryl azide (0.85 mL, 3.83
mmol), refluxed under nitrogen for 1 h and cooled to rt.
The solution was treated with benzyl alcchol (0.60 ml,
5.75 mmol or 1.5 eqguiv}, refluxed for 17 h, cooled then
diluted with ether (40 mL). The solution was washed with
30 10% aqueous citric acid (2x3 mL),back-extracting the

citric acid wash with ether (40 mL). The combined
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| 1098 ()-Q | 10%& ()-Q | 109%& ()-Q | 10%& ()-Q:::::: 2z | |10 |10%& ()-Q

| 10%& ()-Q | 10%& ()-Q |10%& ()-Q

organic extracts were washed with 5% sodium bicarbonate
{223 ml), dried (MgS0:), filtered, and concentrated.
Flash chromatography on silica gel of the crude product

with 10% EtOAc in hexane (1.0 L) gave step 4 compound as

5 a clear thick syrup. Yield: 1.15 g (90%). MS{M+H) 334.
Step 5
EtO NH
Q Boc
10

A solution of Step 4 compound {(1.15 g, 3.46 mmol) in
EtOAc (60 mlL) 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 mL) and
water (12 mL) was treated with di-t-butyl dicarbonate
(1.0 g, 4.58 mmol or 1.48 equiv) and potassium 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 mlL), dried
(MgSQ4), 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 alsoc 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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) -

Q|

Q cB |100/&'() Q:::;;;Tdz | |109% ()-QcB |10% ()-Q | 10%& ()-Q
Q10%& ()-Q;; :3: 2z | |10%& ()- QIlO‘V&'()-Qllo‘V&'()-Q

| 109%& ()-Q |

| 10%& ()-Q |

109%& () - |10%&'() Q555,96 z [10%& ()-Q [ 10%& () -
109 ()- Q cB

with triethyisilane (2 equiv), di-t-butyldicarbonate (1.1
equiv), catalytic palladium acetate and triethylamine
{0.3 equiv) to give the BOC-protected amine in a “one-

pot” manner.

Or alternately: Solutions of the benzylcarbamate in
methanol may be subjected to hydregenolysis in the
present of di-t-butyldicarbonate to give the BOC-

protected amine in a “one-pot” manner.
10
Step 6

HO NH

O Boc

15 A solution of Step 5 compound (1.18 g, 3.09 mmol) in

dioxane (8.0 mL) was treated with 1IN sodium hydroxide

(9.1 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 aquecus phase was
acidified to pH 2-3 with 1N hydrochloric acid (9.2 mlL)
then extracted with EtOAc {3 x 50 mL). The combined
organic extracts were washed with saturated scdium
chloride (10 mL), dried (MgS0Q4), filtered, and

25 concentrated to give Step 6 compound as an off-white
solid. Yield: 808 mg (96%). MS (M+H) 272.
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| 109%& ()-Q);+;-;/;0;3;,Cz |10% ()-QGQcB |10% ()-Q |10% ()-Q | 10%&' ()-Q
| 109& ()-QB;5;7;9;;;=7, _?z |109%& ( [10%& ()-Q |10%& ()-Q |10%& ()-Q
| 109%&' ()-Q | 109%& ()-Q | 10%& ()-Q?; A;B,C D E F; kG3z |10 | 109 ()-Q
| 109&' ()-Q |10%& ()-Q |10%& ()-QcB |10%& ()-Q~1;J; K L;MP; Oz
| 109 ()-Q cB | 10% ()-Q | 10%& ()-Q | 10%& ()-Q | 10%& ()-QP; R.T;V: X; Z;]; _?z
| |10

Step 7

HoN
O CN

5 The title compound was prepared from Step 6 compound

according te 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) Z262.

10
Compounds 90-100 were prepared by General Method I and
General-Method C starting from cyclohexanone,
cyclopentanone and cyclobutanone, and employing methyl-,
ethyl-, allyl- and propylmagnesium halides as Grignard

15 reagents.

Table 5
R
N
H,N
0 CN
Example # Cycloalkane R MS Data
M+H
79 cyclohexane Methyl 262
80 cyclohexane Ethyl 276
81 cyclopentane Methyl 248
B2 cyclopentane Allyl 274
83 cyclopentane Propyl 276
84 cyclobutane Methyl 234

20
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| 109%& ()-Q | 10%& ()-Q | 10%& ()-Q | 10%& ()-Q | 10%& ()-Q [ 10%& ()-Q;_; ;a;b;
C;d;kCBZ | |109%& ()-Q |10%& ()-Q |10%& ()-Q |10%& ()-QGcB |10%& ()-Qd;e;f;
g;h;i;1; T4z | |10%& ()-QcB 109 ()-Q |10%& ()-Q |10%& ()-Q |10%& ()-Q;
np,rit;vix; _?z | |10%& ()-Q | 10%& ()-Q | 10%& ()-Q | 10%& ()-Q | 10%& ()-Q
| 109%& ()-Qx;};~:5,:9Gz [10%& . ()-Q [ 10%& ()-Q
Example 85
N
- H,N CN
o
Step 1
\  OEt
EtO
O
5 )

According to Example 79: A mixture of dry carbon
tetrachloride (50 mL) was cooled to 0°C (ice-salt bath)
10 and treated with titanium tetrachloride (11.0 ml., 0.1

mol). The resulting yellow suspension was stirred at 0°C
for 5 min, treated seguentially with cyclopentanone (4.42
ml, 0.05 mol) and distilled diethylmaleonate (7.6 mL, 0.0%

mol) then stirred at 0°C for 30 min. The reaction mixture

15 was then treated with a solution of dry pyridine (16 mL,
0.20 mol) in dry THF {30 mL), stirred at 0°C for 1.0 h,

then at rt for 20 h. The reaction mixture was quenched
with water (50 mL), stirred for 5 min then extracted with
ether (2 x 100 mL). The combined organic extracts were

20 washed with saturated sodium chloride (50 mL), saturated
sodium bicarbonate (50 mL) and brine (50 mL), dried
(MgSQ4), 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) 2Z6.

25
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SH10%p& () -C S10%p& ()-101010Q S8} 109& () -

SS9610%& () - Q<b<i <o<q<s<u<~">vU410% S. K y10% & ()- YK y10% & ()- YK

y1l0% & ()- YK y10% & ()-Y 10% & ()- SHIO%>p& () - u<x<{<~<<<<C vK

y10% & ()-Y; cLvK y10% & ()- YK y10% & ()- YK y10% & ()- YK

y10% & () - Y<<<<<<<_?vK y10% & (K y10% & ()- YK y10% & ()- YK y10% & ()- YK
y10% & () - YK ylg%L&'z()-YK y10% & () - Y<<<<<<<gG vK y10% & ()- YK y10% & () - YK
y10% & () - YK

OEt
EtO

5 A solution of Step 1 compound (1.00 g, 4.42 mmol) in
methanol (50 mL) was treated with 10% P&/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% EtOAc in hexanes to give 0.84 g (91%) of Step 2
compound. MS (M+H) 229,

Step 3

.15 Boc

The Step 3 compound was prepared by the process cutlined
in General Method H, where the ester underwent
20  hydrolysgis, Curtius Rearrangement, protecting group

exchange, and again final ester hydrolysis.

Step 4

H,N CN
25
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y10% & ()-Y; cLvK y10% & () - Y<<<<<<<C vK y10% & ()-VY;cLvK y10% & ()- YK

y10% & ()-YK y10% & ()- YK y10% & () - Y<<<<<<< ?VvK y10% & (K y10% & () - YK
y10% & ()- YK y10% & ()- YK y10% & ()- YK y10% & ()- YK y10% & () - Y<<<<<<<| P4vK
y10%K y10% & () - YUK y10% & () - YyK y10% & ()-Y; cLvK y10% & () - YK

y10% & () - Y<<<<<<<pPvK y10% y10% & ()- Y% y10% & ()- YK y10% & () - YK

y10% & ()- YK y10% & ()- YK y10% & () - YK y10% & () - Y<<<<<<<hH(VvK y10% & ()- YK

y10% & () - YK

10

15

The title compound was prepared from Step 3 compound
according to the procedure in General Method C where the
amine acid was coupled, the amide was dehydrated, and the
protecting group removed to give the title compound. M3
(M+H) 234 |

Examples 86 and 87 were prepared by the procedures used
for Example 85 starting from cyclohexanone and

cyclobutancne respectively.

N
H,N CN
o
Example # Cycloalkane Mass Spec
M+H
85 cyclopentyl 234
86 cyclohexyl 248
87 cyclobutyl 220
Example B9
HN~—fimH
N
0
NC
Step 1
Boc-——N
OH
0]
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y10% & ()- YK y10% & ()- YK y10% & ()-Y; cLv<<<<<<<cG+vK y10% & () - YYK
y10% & ()-Y: cLvK y10% & ()-YK y10% & ()- YK y10% & () - Y<<<<<<<t XvK
y10% & ()-YYK y10% K y10% & ()-YvK y10% & ()- YK y10% & () - YyK y10% & () - YK

y10% &

()- YK y10% & () - Y<<<<<==dD$vK y10% & ()- YK y10% & ()- YK y10% & ()- YK

y10% & ()- YK y10% & ()-Y; cLv==== ===cG vK y10% & ()- YK y10% & () - YY; cLvK

y10% & ()- YK y10% & ()- YK y10% & ()-Y==="=$=8&=) = ?vK y10% K y10% & () - YK

Step 1 compound was prepared in Example & Step 1.

Step 2

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 remcval. MS (M+H) 218,
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y10% & ()- YK y10% & ()-YK y10% & ()- YK y10% & ()- YK

y10% & ()-Y)=*=.=1=3=5=7=hH(vK y10% & ()- YK y10% & ()- YK y10% & () - YK

y10% & ()- YK y10% & ()-VY; cLv7=: =<=>=?=@&A=cG+vK y10% & () - YYK y10% & ()-Y;

cLvK y10% & ()-YK y10% & () - YK y10% & () - YA=B=C=F=H=I =J=K=| P4K yK

y10% & () - YK le%&' ()-YK le%&' ()-YK y10% & ()-YK y10% & () - YK ,

y10% & ()- YK y10% & () - YK=L=P=S=U=W£Y=dD$K le% &' ()-YK y10% & () - YK

y10% & ()-YK y10% & ()- YK y10% & ()-VY;cLvY=[ == =" =a=b=gK/K K y10% & () - YK
Examples 90 to 99

Examples of compounds where X = H include the following
compounds which may be prepared employing procedures as
5 described hereinbefore.

Rr!
H
X=H

\\\\xm

Ex. # | n x ¥ R R? R® R?
90 0 0 1 t-Bu H H -
91 0 0 1 adamantyl H H -

92 o | o] 1 H H -
HO :
ad
93 o | o1 Q H Me -
nd

94 0 1 0 t-Bu H H -

95 0 1 0 adamantyl H H -

96 o | 110 H H -
HO
ad
97 o | 1] o0 Q H Me -
Vad
H

98 1 0 1

99 1 1 0 Me H H t-Bu

10
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y10% & ()-Y; cLvYK y10% & ()-YK y10% & ()- YK y10% & () - Yb=c=d=e=f =g=h=t XK K
y10% & ()- YK y10% y10% & ()-YK y10% & ()- YK y10% & ()- YK y10% & ()- YK
y10% & () - YK y10% & () - Yh=i =mro=gq=s=x=dD$K y10% & ()- YK y10% & () - YK

y10% & () - YK y10% & ()-YK y10% & ()-Y; cLvx=z=| =~====cG K y10% & ()- YK
y10% & ()-YY; cLvK y10% & ()-YK y10% & ()- YK y10% & () - Y=======_?K y10% K
y10% & ()-YK y1l0% & ()-YK y10% & ()- YK y10% & ()- YK y10% & ()- YK

ylo% &' () - Y::::::::{ na@(

Examples 100 to 109

Examples of compounds where n = 1 include the following
compounds which may be prepared employing procedures as
5 described hereinbefore.

Rankl(x

2
| % )
N N

r? o X

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 Q 1 H Me H
HO
oAl
103 CN 0 1 H Me H
ol
104 CN 1 0 t~Bu H H H
105 CN 1 0 adamantyl H H Me

106 | CN | 1 0 Et H H
" HO
o
H

107 CN 1 0

ool
108 H 0 1 t-Bu H H H
109 H 1 0 Me H H t-Bu
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y10% @0% ()-101010 9 10%& () - KK ' :

: y10% & () -Y,; cLv====9>d>0>
yﬁ!ggégozww& ()-) ! HS) 10%: ()-) HS)lO%&f()-)!HS)lO%RR&T()-)!P é??g%%-&:()-)
kwalm%&Eg§p4¥§¥%Py?$%quélm 8 10% & ()- HS)10%C& ()-)

& ()-) - g& () - 109 & ()-) -S)10%& ()- CDDF
LHLOYB58! ()" HLO% ()-! HlO%&'()-'/() "I(-l%LO‘)V&'()z'O 8 0] SHBEORAEALD)
igé& ()-'10) 10) kG GEGHHOI yX7AL0) Gp2i ! 10%KK& () - 1 HLOWVE ()-
uwg&(?-!/!umasg()u NHLOORR&' ()-'1\10% & ()-' ClclkllImniwllvU410
651032&(§)IIYI%23§5é%- 10%8S& ()-101010 f\8 100& ()-

() NJuT310 | HO10%& ()-0 010% \ & ()-0!j010%p& () -
éazigg (- 10%ZCZ&T(?-108DSlOSDSlOSDShUJJJJJK|[:uT3g% ?'g 18§2Pﬁjfépo *
BVIONDS ()1) WAQEZE Laihed 0028 () 51007281 ()

: U VA 4 SHOYUZZEAQ -5t rudOHACR: () - S, FLOYRZZE!
sl) F100&22& (?'@DV$1o&zzé§%%Tk°b$10%§g§§?$?iffﬂﬁ%wwwNvugio S, FLOYe2s ()
PHo# 10% Fr&' ()-9 _gp# 10% Fr& () - 910221072107
510022& () - NNsQPPSPQQ [: VU410 6 10%&!
H610%& ()-w  }610%& ()-w 610%&] () XQ@
g;?léag§§i§)- #HS\/ 109 ()- S\/ 1O%&&.A

() - ¥STTTUKVNV| [ ONA410 19! HO ~ HBLO%& () -- 7%
Eé?g;ggg:‘ %&FPVC;O%ﬁd&T()- pVClO%UFU&q)-nWUVEMXYYYﬂE?-410E6%9f%%éé:£)-

Q.;’éFe&e(_r)l_x gépblé-pm}'lﬁ)y*ls 0 or 1, provided that

= 1 when y = 9 and

s: 1092Z8& ()- s<7109ZZ& ()-$
0%& ()-c 6 10%F& ()-
$S%S| [ NA410 10F10F10F

W () -

0 when y = 1; and wherein

0 o®ox
il

is 0 or 1;

10 X is H;

r!, R?, R® and &' are the same or different and are
independently selected from hydrogen, alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkylalkyl, bicycloalkyl,
tricycloalkyl, alkylcycloalkyl, hydroxyalkyl,

15 hydroxyalkylcycloalkyl, Eydroxycycloalkyl,
hydroxybiéycloalkyl, hydroxytricycloalkyl,
bicycloalkylalkyl, alkylthiocalkyl, arylalkylthioalkyl,
cycloalkenyl, aryl, aralkyl, hetercaryl, hetercarylalkyl,
cyclohetercalkyl or cycloheteroalkylalkyl; all opticnally

.20 substituted through available carbon atoms with 1, 2, 3,
4 or 5 groups selected from hydrogen, halo, alkyl,
polyhaloalkyl, alkoxy, haloalkoxy, polyhaloalkoxy:
alkoxycarbonyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, polycycloalkyl, hetercarylamino,

25 arylamino, cyclohetercalkyl, cycloheteroalkylalkyl,
hydroxy, hydroxyalkyl, nitro, cyano, amino, substituted
aminge, alkylamino, dialkylamino, thiol, alkylthio,
alkylcarbonyl, acyl, alkoxycarbonyl; aminocarbonyl,
alkynylaminocarbonyl, alkylaminocarbonyl,

30 alkenylaminocarbonyl, alkylcarbonyloxy,
alkylcarbonylamino, arylcarbonylamino,
alkylsulfonylaming, alkylaminocarbonylamino,
alkoxycarbenylamino, alkylsulfonyl, aminosulfinyl,
aminosulfonyl, alkylsulfinyl, gulfonamide or sulfonyl;
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Hpi ! 1092& ()-*  pi!10%& ()-* YYYI Z[[\\bA410F 10% & ()- Iv1i0% &
Cloo/% & .()- BH< Cl0%&' () - < Cl0%J& () - 10F10F\\[[\\l(3?A410F 10% g&')()!-K
'I'vloA_) & ()- 'I'—I<"010% & ()- BH< Cl0%&' () - < Cl0%J& 8 10% & ()- Nornal"
) Headi ng 13] ch " Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53] c"
Headi ng 63]c Headi ng 73] c" "Heading 83]c" "Heading 93]c"A "Default
Par lz%gr aph Font<7 ''(q), V48=DKRbW'8cg" oOv} T] ZWDr u* n: 2FkB$) M OWL1@59>C1&KI Q
'\'N/[ cff ijlOotjws{6~tcdg! (4+ $9 Me 3&A* -03568: 4@FFISPVY"" bdf hj | nprtvxz| ~
$&(*, . 02468: <>@DFHILNPRTVXZ\ N bdf hH2+, : 99; <Ugl1”)/J
458AJOn1‘a| | "ol r C~c?9' #0 8H; &K\ \ t uvwxyz{ | }~H 716 # Z¥++:,,--058C99: [:
|>f< @Gy INQUVaZ |) acoRdwd 7Hmgi Rp>syvwy o4 LodlaB Wy (g tvlkPFTtD%EHPnP
&A'|), Q @' 334M4A4%R54T 88 Siness>AGRY G 8 LNRGRSMEA 24T R°adfEhi 6k

|K|4|Vm’<m2\)EpEIBI‘SUX 2223%{ &)l’f/éiaig“}t} 3630 M U YD SHEWEXy selected from

>" $&4)* @YU R qﬁyyi;t?)@@ggég%mj nggm,. alkenyl, alkynyl, cycloalkyl,

;3 3,2, F, P ] 3d; hakes ;a@am«w&‘z@ﬂ_—)amnw—@@Bahkgg.alk¥6>30<GCI | NIKLNQBNVY
\\ cycloalkenyl, aryl, arylalkyl, heteroaryl,

neterocarylalkyl, cyclohetercalkyl, cycloheteroalkylalkyl,
alkylcarbonylamino, arylcarbonylamino,
alkoxycarbonylamino, aryloxycarbonylamino,

10 alkoxycarbonyl, aryloxycarbenyl, or
alkylaminocarbonylamino, or R! and R' may optionally be
taken together to form - (CR'R%)p- wherein p is 2 to 6, and
R’ and R® are the same or different and are 1ndependently'
selected from hydroxy, alkoxy, cyano, H, alkyl, alkenyl,

15 alkynyl, cycloalkyl, cycloalkylalkyl, cycloalkenyl, halo,
amino, substituted amino, aryl, arylalkyl, heteroaryl,
hetercarylalkyl, cycloheteroalkyl, cycloheteroalkylalkyl,
alkylcarbonylamino, arylcarbenylamino,
alkoxycarbbnylamino, aryloxycarbonylamino,

20 alkoxycarbonyl, aryloxycarbonyl, or
alkylaminocarbonylamino, or optionally R! and R’ together
with
o
(H“N\ﬁﬁ:)

r! form a § to 7 membered ring containing a total
of 2 to 4 heteroatoms selected from N, o, S, SO{ or SO,;
(r—n%ﬁ:)

25 or optionally R' and R® together with =
form a 4 to 8 membered cycloheteroalkyl ring wherein the
cycloheteroalkyl ring has an optional aryl ring fused
thereto or an optional 3 to 7 mempbered cycloalkyl ring
fused thereto;

30. with the proviso that where X is 1, vy is o, n is ¢ and one
of R' and R® is H and the other is alkyl, then R} is other than

pyridyl or substituted pyridyl;
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2. The compound as defined in Claim 1 having the

structure:

R! gz gl
H/“W
3. The compcocund as defined in Claim 1 having the
structure:
1?3 R ®!
N N
-
H \‘anu/
r o X
4, The compound as defined in Claim 1 wherein the

cyclopropl fused to the pyrrolidine has the configuration:

(3

e | )y

5. A pharmaceutical composition comprising a compound as
defined in Claim 1 and a pharmaceutically acceptable carrier

therefor.

6. A pharmaceutical combination comprising a DP4
inhibitor compound as defined in Claim 1 and an antidiabetic
agent other than a DF4 inhibitor for treating diabetes and
related diseases, an anti-obesity agent and/or a lipid-

modulating agent.

7. The pharmaceutical combination as defined in Claim &
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 pulfonyl urea, a glucosidase inhibitor, a PPAR ¥y
agonist, a PPAR «/y dual agonist, an SGLT2 inhibitor, an
aP2 inhibiteor, a glycogen phesphorylase inhibitor, an AGE
inhibitor, an insulin sensitizer, a glucagoen-like
peptide-1 (GLP-1) or mimetic thereof, insulin and/or a
meglitinide.

9. The combination as defined in Claim 8 wherein
the antidiabetic agent is 1, 2, 3 or more of metformin,
glyburide, glimepiride, glipyride, glipizide,
chlorpropamide, gliclazide, acarbose, miglitel,

_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,
NNZ2211l, 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, AJ9677,
L750355, CP331648, sibutramine, topiramate, axckine,
dexamphetamine, phentermine, phenylpropanolamine,

famoxin, and/or mazindol.
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13 . The combination as defined in Claim € 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 inhibitoxr, an ACAT inhibitor, a
cholesteryl ester transfer protein inhibitor, or an ATP
citrate lyase inhibitor.

14 . The combination as defined in Claim 13 wherein
the lipid modulating agent is pravastatin, lovastatih,
gimvastatin, atorvastatin, cerivastatin, fluvastatin,
nisvastatin, visastatin, fenofibrate, gemfibrozil,
clofibrate, implitapide, CP-529,414, avasimibe, TS-962,
MD-700, and/or LY295427. |

15 . The combination ag 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 DF4
inhibitor compound as defined in Claim 1 and an agent for
treating infertility, an agent for treating polycystic
ovary 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 ancorexia nervosa, an anti-ostecporosis agent
and/or an anti-obesity agent.

17 . A method for treating diabetes, insulin
resistance, hyperglycemia, hyperisulinemia, Or elevated
blocod levels of free fatty acids or glycerol, obesity,
Syndrome X, dysmetabolic syndrome, diabetic
complications, hypertriglyceridemia,
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hyperinsulinemia, atherosclerosis, impaired glucose
homeostasis, impaired glucose tolerance, infertility,
polycystic ovary syndrome, growth disorders, frailty,
arthritis, allograft rejection in transplantation,
autoimmune diseases, ARIDS, intestinal diseases,
inflammatcery bowel syndrome, nervasa, osteoporosis, or an
immunomadulatory disease or a chronic inflammatory bowel
disease, which comprises administering teo a mammalian
species in need of treatment a therapeutically effective
amount of a compound as defined in Claim 1.

18 . The method as defined in Claim 17 for treating
type II diabetes and/or obesity.
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