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Noverber 2002 AM DI NO AND GUANI DINO AZETI DI NONE TRYPTASE | NH
Back: around O The Invention Han in U S. Patents 5, 037. 819, mﬂmmmmm”m

a. 175.283. 5.250,677 and 10 a326, 863 di scl oses *166166*
3- guani di noai kyl - 2- azeti di nones of the formula - WF~ Fi Z3- N G A -

CFi-- (CHz) ; - C N ~X whereiln: 15 U and Vf A E£NbIERBEPEEHS ! Y
sel ected from hydrogen and anmi no protecting groups

AMIDINO AND GUANIDINO AZETIDINONE TRYPTASE INHIBITORS

Background Of The Invention

Han in U.S. Patents 5,037,819, 5.110,812, 5.175.283. 5.250,677 and
10 5,326,863 discloses 3-guanidinoalkyl-2-azetidinones of the formula

U= N=~ C—N—CH-—(CH;) . — CE-=——
L
H
IS
X
wherein:
15 U and W are independently selected from hydrogen and amino

protecting groups;

n is an integer from 1 to 3;
X is hydrogen, trialkylsilyl, aryisulfonyl, amino substituted
arylsulfonyl, alkylsulfonyl, arylaminocarbonyl, alkylcarbonyl or
20 arylcarbonyl;
Y is hydrogen, arylalkenyl, arylalkyl, formyl, carboxy,
alkoxycarbonyl, acyloxy, arylthio, arylsulfinyl, aryisulfonyl, alkythio,
alkylsulfinyl, alkylsulfonyl, arylaminocarbonyl,

e '

= C—NH—CH;—C—OR |, or

G

*G00002*



nis an integer from1l to 3; is hydrogen) trialkylsilyl, arylsulfonyl)

am no substituted aryisul fonyl, alkyisulfonyl, arylam nocarbonyl,

al kyl carbonyl or 20 aryl carbonyl; Y is hydrogen, arylal kenyl) aryl al kyl)
formyl, carboxy) al koxycarbonyl, acyl oxy, arylthio) arylsulfinyl,

aryisul fonyl, alkythio, allrylsulfins I, alkylsulfonyl, arylam nocar bonyI ,
Q-- GNH CH2- G OR, Or i~r~~~~0~ 2 2 15 Novenber ag%ﬁm&rlﬁo(ﬂ C.

rZ ~CHz ) mRis hydrogen, alkyl, or ar IaIkyI mis an integer from1l to
3; and R is hydrogen or -CGCaR"' wherein S hydrogen) al kyl, or 5

aryl al kyl . Han further discloses tHiat t above conpounds wherei n:. Uand W
are hydrogen; X is arylsul fon3l, sub é}ft)ed aryl sul fonyl,

al kyl sul fonyl , aryi am nocar bonyl) al kWon , or aryl car bonyI and 10 Y
i s hydrogen, arylal kyl, carboxy, al koxycefbonyl, acyl oxy, arylsulfonyl,

al kyl t hi o al kyl s&lfonyl ) ar yﬂr&nocar bonyl) R pOO- G N+ CH2- G- R

, O --- ~—— drogen,  onamdedyl al kyl or arylalkyl; R is
hydr ogen or . CO2R_N. i s. h n | kyl, or arylal kyl and
phar maceut i cal | y é’&&%ﬁpéﬁglg%a@?éd{ ﬁ‘ggeéF&lare i nhi bi tors agai nst serine

pr ot eases, partlcﬂa{g}yycﬁ.ggéﬂ%tr b@' rx‘%ﬂepe?gﬁ,r ﬁ)gy andgﬁyﬁ be used to

control bI ood coadgul at1*on to tr a panc "aryl" as a
phenyl org nagg,l Proup which may be 20 unsubstituted or substituted with
one or nore groups such as amno, vitro, or alkyl and defines "am no" as

unsubstituted or b fintherdiydlodesahat@he above compounds wherein:
U and W are hydrogen; |
X is arylsulfonyl, amino substituted arylsulfonyl, alkylsulfonyl,
arylaminocarbonyl, alkylcarbonyl, or arylcarbonyl; and
10 Y is hydrogen, arylalkyl, carboxy, alkoxycarbonyl, acyloxy,

arylsulfonyl, alkylthio, alkylsulfonyl, arylaminocarbonyl,
R ]

0 7 0 A
o C—NH~- CH;— C—OR , OT ""C—l‘\/ (CH2)

R is hydrogen, alkyl or arylalkyl;
R’ is hydrogen or -COsR*;

15 R~ is hydrogen, alkyl, or arylalkyl and pharmaceutically acceptable
salts thereof are inhibitors against serine proteases, particularly against
thrombin and trypsin, and can be used to control blood coagulation or to
treat pancreatitis.

Han defines “aryl” as a phenyl or naphthyl group which may be

20 unsubstituted or substituted with one or more groups such as amino, nitro,

or alkyl and defines “amino” as unsubstituted or substituted with one or

two alkyl radicals.



two al kyl radicals. 15 Novenber 2002 Sunmary O The Invention This

i nvention is directed to the novel beta | actam conpounds of 5 fornmulas 1)
1) 111, 1V) and V shown bel ow and to the use of such conpounds as

i nhibitors of various in vivo enzyne systens including tryptase, thronbin,
trypsin, Factor Xa, Factor VIla, and urokinase-type plasm nogen activator.
This invention is also directed to th8 use of the COMauisserberl soda!l a Vi

shown bel ow as tryptase, Fact SumiahafeQOThy Indenti@nur okl nase-type
pl asm nogen activator inhibitors. npounds 0O 'S 1 nvention include the
formul a: 10 | NH REhiinntion isidirecthid dothé novel beta: laRtamscomypbwgisyf

& 0 F [ rtmilas L oI s o briow &nd 35 thipes of pich gompeunds . - C
0 0 -G ar y1 - RAIBiLHp B raSaplds o sngime EYRIORS FBUNERg FYPLRRe, or Ry 15
al kyl previ dgg Wi, %Pyﬂs?n,af‘gé%r % FRdtdrovivad a8 Slkokinase-type plasminogen

activator. This invention is also directed to the use of the compounds of

formula VI shown below as tryptase, Factor Xa, Factor Vlla, and

urokinase-type plasminogen activator inhibitors.

Compounds of this invention include the formula:

10 (@
ﬁm R R
HoN— C=—A1— Ri
g N
O/ \xl
wherein:
R is hydrogen, carboxy, alkoxycarbonyl, Az-aryl,
l? I——:' (CH2) m
I — C—N-| , 7
15 - C—R7 , Rg =C=~0-Ry ,
(CH2) o By
X
s i/ N
TGt N | I
—C—N B '
\_(CH2)w} (CHz)n 133/
R
I R T
= C—CHy—0=—Rjp — C=N=Ay~N—C—Ry



Rz and Rs are both hydrogen, or R2 is al kyl provided that Rs is hydrogen)
or Rs is alk3'1 provided that R2 is hydrogen. 5 to (CH2)mO (CH2)vl O X~ is

N~R~CNR-~-C N, , ~(CH2)W ( ~a) oH Il /| ~R_ ~ _ ~ [ H

~ccn~ ) n B3I -Calkyl-SOz-R~ 0 O- Ca~1..-S02 R~ - CG-CH- p-Ro, 01l
-S02-8; ~ -CNH-502--R7 Il Rl 9 R9 Oﬁp ~ 5[RRO-C N AZZ N C R4 ~
or -- G NA2- N CGr ORS -(CHZ)P- - BCH2)= A1 1S ' “( der 2002 (CH2) Q
-~ (CH2)x R~ = ( ~z )_s 20/ ( ) -\~ (~2)u N %(_gm - HN- (CH2~2,

or -HH (CH2~6R{ dhd Rsll‘Saﬁ’e i ndepengiently sel ected fronyhydrogen, alkyl,

substituted alp-wW-acyel0aldgyl , stlostaliytedosia,oal ki c-AzZyayeigalicyl
Azsubstituted c~ cloal kyl, aryl, substituted aryl® A2-aryl, AzZ-slbst'i-tuted

aryl, 55 V, < -Aa-aryl, heteroaryl,

Az- het er oar y@ﬁ%@?@g%ﬁgﬁ%# %zéﬁsetgg‘ o&?@%ﬁ%‘fﬁ%§%1 - Aa- cycl oal kyl ,
Az-aryl - Aa- cycl oaRkghd Rarare boah alydregsy lor R{ié'al&?l ﬁﬁiﬁﬁ@&%ﬁéﬁﬂ' kyl,

Az-aryl - A3-heteroaryl, Az-aryl-Asheterocycloal kyl,” cycl oal ky -,&s-aryl ,

Az- cycl oal kyhyddegenydr, Reiscdlirgl kydvidaed yhatoRs leyhydrogen.

Aa- cycl oal kyl - As-cycl oal kyl , cycl oal kyl A% het er oaryl ,

Azcycl oal kyl - A3- heteroaryl, cycl og) kyl[-A ey ocycloal kylCEadv

Az-cycl oal kyl As- heteroc?cl oal kyl . IRs ils, hyydrogen, alllkyl { substitlted al kyl,
cycl oal kyl , substxf i ed '}_(_) 15 cytlcﬁl’kly'll, A2- cygl oalkyt N A2- subsﬁ tuyted
cycl oal kgl , aryl)” subSTituted .aryl, Az-Beyl, Az-substitOwetCHu~

aryl -As-aryl, Az-aryl-As-aryl, heteroaryl) Azheteroaryl) heterocycl oal kyl,
Az- het erocycl oal kyl . aryl - As-cycl oal kyl , Azaryl - Aa-cycl oal kyl ,

aryl - As- het eroaryl . ,E}ryl - Ag-heteroaryl, aryl-Asheterocycloal kyl,

Az- aryl - As- het ﬁr ocy7 Ryl ¢C oxy, al koxycarbonyl,

. =B
(CHz;)n B3/ —C—alkyl—502—R7
0 o
I il
—C-aryl=—Ss0;~Rr; —C—CH;-0—Ryo
0
—S02-R7 , —— C—NH~—S02,—R;
0 Rq O
[ e Pf
10 2 4, or — C-N-A;~N—C—OR4
- (CHz ) b4

Avis T (CHIPT —@

(CHZ) s— ’
—N——(CH2) g —~NH— (CH;) r.___".—'\\

/4
Ra0 ; &=/\(CH2)S— ,
(CHy) ¢

S

\/\(aiz)u_ 'y -HN“'CHZ-, -HN‘(CHz)z, or -HN"(CHz)s-

15 R4 and Rs are independently selected from hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, A2-cycloalkyl, Ae-
substituted cycloalkyl, aryl, substituted aryl, As-aryl, As-substituted aryl,



RA OR4 l'i / aryloxycarbonyl, - o-~ R ' RS al koxycarbonyl ani no,

aryl oxycar bonyl am no, aryl car bonyl am no, -N(al kyl) (al koxycarbonyl),

-N(al kyl) (aryl oxycarbonyl ), al kyl carbonyl am no, -N(al kyl) (al kyl carbonyl),
or -N(al kyl)(arylcarbonyl). mis an integer from1l to 5. Y is O S NR-~

N-SO--R 7) ~~~3~R 20 Q Q NC-Ag-OR7 ~ N-C- O A3--R~ 0 ~ 0 N'CNUNRq
NG ~NIGR, ~ Il ~J NG A3 C-R~ (50|| n 11 NG 6 15
Novenber 2002 - C.p-R-, 0 ON/~5 N%?S‘%%erﬁs%éw

NCCR . 5 5 x-S an, A5 awl-hran a&b’kﬁete%qmlt Aznhq@ar%ﬁrghhetley@fxfkrawyl .ATz
Subst 1 ut eg Z%é‘f?r%%xé'ﬂvwéa“#%@% AneVeRBIS}s et er onr )1
Qretyfr/‘iﬁyﬁ'yﬁf"?ﬁimf’fﬁ FLANELASLIIS b o A thorch A b LY |

A2-aryl - hQie@él@ &dalkst, WIEAQQ | Aglchiloalldd: AL Yyl loalleyl-As
_A3-het eroc3rcl oal ylz)a]kgrwp As- substlfﬁt ed gry Aa%yi-yAgycég sti t ued aryl,

aryl - As- srubsmychaunylmbyﬂbddkm-%myaroﬁnkﬁswmﬂkwm&mwdmﬂ K& b-,
cycl oal kyl - A. ~-cycl oal kyl, Az-cycl oal k ‘9‘”1 - cycl oal ky
oaé!mﬁ e

cycl oal kyl - AsyeloglkylAe-kéteronzviydycl ta;otxmaﬂ»}wl Andhas-eydaalky)-
A2cyci oal kyl - As- het eroar yl ,, cycl oal kyl - As- het er ocycl oal kyl ,

Az- cycl oal kyF* EF%W al kyl, cycl oal kyl - As-substi t ut ed cycl oaI kyl ,
ra- oyl oa Eil sx% %@%ﬂé@hﬁ sobstiriiR AR o alonlbTt ASbetitnE (1
Az-substi tut &

cycl oal kyl - As su F-X%d cyc %g@fxgé’titzutgggg{ﬂ'o?ﬂtﬁ aryl, substituted aryl,

cycl oal kyg - A%zszh‘%tA -Habstitasd Flé.'rvl-A 1, At 891 0v.chRal Kyt A
Az- subst?/t ut ed cycl o%l kyl - As-aryl, subs#ﬁt?gﬁc osgéfk?’yi Aser%g?g}rs%aﬁyl,

A2- subst i t ut debtexpaiyla hleydrodycldedket, obs-hbterseyeidalkyl adyl-As-cycloalkyl, As-
cycl oal I ryl As- het er ocycl oal kyl, AZ-substituted

cycl oal kyl - A@-I'NIEAQ'IC clpalkyd, azpl- ash%@w%ﬂﬂeﬂz-ayjd%ahkwmﬂsﬁsml-ﬂwt ed aryl,

Aa- substituted c 3s ut ed a roary - As- hef er oaryl ,
Az- het er oar y|R€ ‘39?% y&%aﬁat‘é?g X@W{] oxycarbonyl,
AZ- het er oaryl - As- cycl oal kyl ) het eroaryl As bstituted cycl oal kyl ,
A2- het er oaryl - Aa- subst i tute é).a ®al kyl , Het eroaryl As- aryl )
A2- het er oar yli:% ter - As- het ocyc,l oal kyl) A2 15 Novenber
2002 5 10 15 xtfbony
15 alkoxycarbonylamino, aryloxycarbonylamino, arylcarbonylamino,
-N(alkyl)(alkoxycarbonyl), -N(alkyl)(aryloxycarbonyl), alkylcarbonylamino,
-N(alkyl)(alkylearbonyl), or -N(alkyl)(arylcarbonyl).

m is an integer from 1 to 5.

Yis O, S, N-Ry, N-SOz-Ry, ¥ C2s—R7 ,

i |
90 N-C—A3=—O0—R7 N—=C—O—2A3~R7

NN N-Rq  N—t N—C 0 0
\—/ ' \_/ 7 N-C—By—C—R7



het er oaryl - Aa- het erocycl oal kyl, heteroaryl - As-substituted aryl,

A2het eroaryl - As-substituted aryl, heterocycl oal kyl - As- het er ocycl oal kyl

Azhet er ocycl oal kyl - As- het erocycl oal kyl, heterocycl oal kyl - As-cycl oal kyl ,

AZhet er ocycl oal kyl - As-cycl oal kyl , heterocycl oal kyl - As-substituted

cycl oal kyl, Aa-heterocycl oal kyl - As-substituted cycl oal kyl,

het er ocycl oal kyl - As-aryl, A2heterocyd oal kyl - As-aryl )15 November 2002

het er ocycl oal kyl - As-substituted aryl) A2heterocycl oal kyl - As-substituted

aryl, heterocycl oal kyl - Aa- het eroaryl, A2heterocycl oakl yl - A3- het er oaryl,

substituted aryl ~4s-substituted aryl) AZsubstituted aryl-As-substituted

aryl, substituted aryl-A 3-cycloal kyl, A2substituted aryl-As-cycioal ky 1,

substituted argl 1 4z- suhstltuted cycloalk |, A2 subBtltuted

aryl - As- sub Eé_—§X bsti i A2substituted
b ubstiyut ed gﬁ@l-ggsﬁeteﬁi \_ﬁy substétﬁ%e

aryl - As-aryl

aryl - As-heteroaryl, substituted aryl - As- heter ocycl oal kyi, Aa-substituted
aryl - As- het erocycl oal kyl, ~ A2-  NNRS ' or R5 n and o are one or two

provi ded that the sum of n pI us ois tw or three. v and w are one, two, or
t hree prow ded t v plus wis 20 three, four, or five. Rs is
hydr ogen, gla-p werR al kyl'), -N(lower alkyl)z) vitro) 25 al kyl,
substi t ut ed al aL_k,oxy, hydr oXy,.- aryl, substituted aryl, AZ-aryl)

A2substituted aryl) aryl - As-aryl, A2- aryl -As-aryl, cycloal kyl, substituted
cycl oal kyl , Az-cyR% (sahkyl,,suhsmutml alkwi, @cbﬁﬁkﬁabkbmtdteﬂeydaa},klyl, Ao-

A2het eroaryl het erocycl oal kyl ) Aa-heterocycl oal kyl, aryl cl oal kyl)
paary - - oybeisalksl, Rocpustistoiexslontkyl, Arsis sEbgHLzied Asyb e, A

o) et S QB S b e S e, 4 o, 207
N, f B
ower a1yl DReRoREAIRPRr AL R 0 B AL, 0L 21 Byl L, YA 08 O

al kyl - O al kyh; Gy@bklidyl, dryyGlinabionny] substi tuties %paa ylas. A2- cycl oal kyl )
Az-substi tut%%l%(,:ycl an| kyl, aryl, substs%kt uf et%lgar yle) arrgl 3Aa substituted

ax~rl, arQyl - BsteaogstcloadRyh Astarkbdrayhetetvey cloabry) arABAb{snbsnaItyzﬂ aryl, As-
het erocycl oal k){ Az- het erocycl oal kyl, aryl As-cycl oal kyl ,

Aa- ar yl - As- cyBilobi-fybstitiieg) arvh, an MW&WWGWC@%}M’W@M’GH yl,
| h h i s al kyl,
o Ak Bk ks oy ke A et

AZ- substi t ut , . , d Rz2
substitu @& 59 from y‘ggdglkyp% IS%Q‘; !9&] XJmﬁXA?n are

i ndependent |y se edt ed rogen |tute

c~Tcl oal k~r | cyclodikil mt}miembb@bkMMkMaqmbﬁmykwalkﬁzawsﬂbhmmkz
cycloal kyl. Az-ar~-1, and A2-substituted aryl. 15 is an integer from2 to

6. q is Hn i hetegeeydloakyl cyelaalkyl-fs-smbsttutedeyolo . Ag-cyeloabeylds-t wo. t
t f t th Az | k
2% subst i ¢ Ut eBRIRAEACT RN, Brelaslisl ser iR ioNed SR AR ErgralByl abat |t ut o
| k | brid d
S kymyl o sapatefeldh SRRt ARy YRR A BRI o “hor e
triple bondscydgahslis;- @yc@&m 1, %ﬁb@h&ﬂeﬁf&?cB%.ll?ﬁrISA%ﬁbét&'&ﬁQd%’« MBS, brl dge

of 1 to 10 carbons,” an al kenyl or substitited ken bridge of 2 to

carbons havi dg- sxﬁmtnnteﬂamlda)hklyl-é\amzlxumd @*dhyatlkbrl substibstedt cg,tclmllhy]ky nyl
bridge of 2 to 10_carbons having one or nore triple bonds,

-- (CH2) a20p. Aa alD’bHﬁ?‘éu stappted cygoaliryhyAn-arsy, sebstisvadercipabial-As

Nf CI:'Z) ((j-CHZ) d- hg ex Pé%-su’%s%tuted éycl Zglﬁy&%-h%%&rogzrgd Lsubgt:cx:lt_| 28&3 cyzioak?rfz) en-C
As-heterocycloalkyl, As-substituted cycloalkyl-As-heterocycloalkyl,
substituted cycloalkyl-As-substituted aryl, Az-substituted cycloalkyl-As-
substituted aryl, heteroaryl-As-heteroaryl, As-heteroaryl-As-heteroaryl,

25 heteroaryl-As-cycloalkyl, As-heteroaryl-As-cycloalkyl, heteroaryl-As-

substituted cycloalkyl, As-heteroaryl-Az-substituted cycloalkyl, heteroaryl-
As-aryl, As-heteroaryl-As-aryl, heteroaryl-As-heterocycloalkyl, As-



R21 RR2 R 21 5 (CH2)d p" _C"'"~(CH2)e 11R21 - ( CH2 ) d.--N G- ( CH 2)
e~. R21 11 -w(CH2) d- C-(CI—|2)2 0?- -(CH2)Q i~vp~ (CH2)e R21 d and a are

i ndependently selected fromzero and an integer from1l to 6. 10 15
Novenber 2002 Conpounds of this invention include the fornmula: ~NH H R11
H2ZNNGNH ( CH2 ) g R N~X1 5 wherein: R ~is alkyl. R, XI and q are as

defined above. Conpounds of this invehtion include theshgvamser 2088 R-.

z H

H2ZNNC-NH ( CH2 ) g RL N ~X1 10 15 t~ wherein: R12 is alkyl. R, X1, and q
are as defined above. Conpounds of this invention include the formla:

H( (H;Hg)z ~ SZ Nkhetéugﬁl hs%é?érdﬁydxgmmeh@t&oaﬁtl ﬂ@ﬁ‘uﬁbt@dh@e@&rﬂ&‘j\b ned above.
~ mXZ is

10

15

20

25

heteroaryl-Aa-subsmtuted aryl, heterocycloalkyl As-heterocycloalkyl, Az-
heterocycloalkyl-As-heterocycloalkyl, heterocycloalkyl-As-cycloalkyl, Ao-
heterocycloalkyl-As-cycloalkyl, heterocycloalkyl-As-substituted cycloalkyl,
Ag-heterocycloalkyl-Az-substituted cycloalkyl, heterocycloalkyl-As-aryl, As-
heterocycloalkyl-As-aryl, heterocycloalkyl-As-substituted aryl, As-
heterocycloalkyl-As-substituted aryl, heterocycloalkyl-As-heteroaryl, As-
heterocycloaklyl-As-heteroaryl, substituted aryl-As-substituted aryl, Az-
substituted aryl-As-substituted aryl, substituted aryl-As-cycloalkyl, As-
substituted aryl-As-cycloalkyl, substituted aryl-As-substituted cycloalkyl,
Az-substituted aryl-As-substituted cycloalkyl, substituted aryl-As-aryl, Ao-
substituted aryl-Asz-aryl, substituted aryl-As-heteroaryl, As-substituted
aryl-As-heteroaryl, substituted aryl-As-heterocycloalkyl, As-substituted
aryl-As-heterocycloalkyl,

n and o are one or two provided that the sum of n plus o is two or

three.

v and w are one, two, or three provided that the sum of v plus w is
three, four, or five.

Rg is hydrogen, halo, amino, -NH(ower alkyl), -N(lower alkyl)s, nitro,
alkyl, substituted alkyl, alkoxy, hydroxy, aryl, substituted aryl, As-aryl, As-
substituted aryl, aryl-As-aryl, Az2-aryl-As-aryl, cycloalkyl, substituted
cycloalkyl, As-cycloalkyl, Az-substituted cycloalkyl, heteroaryl, As-
heteroaryl, heterocycloalkyl, As-heterocycloalkyl, aryl-As-cycloalkyl, Az-
aryl-As-cycloalkyl, aryl-As-heteroaryl, As-aryl-As-heteroaryl, aryl-
heterocycloalkyl, or As-aryl-As-heterocycloalkyl.

I NH



~(G—|2)"~ - -
B2 ~(CH2 ) n $3 15 Novenmber 2002 0 Q0 -- G CH2_ p-Rio ~ -- G ~-502.

C IN~( CH2) w20 11 510 (CH)o Bl Il ~~R- C N~

C-alkyl-S02-R~ RO RO ~ 0 RO RO O-..CarYl-SO2-R~ -C NAz PI-C R,
-CNAzZ-NCOM >>000 -CR~- provided that - CGR~ is other than

al k~l car bonyl , phenyl carbonyl, substituted phenyl carbonyl)

napht hyl carbon5~I, substituted napht h§l carbonyl, phenykageesssrzo0 |
substituted phenyl am nocar bonyl, naptht hyl am nocar bony~l, or substituted

napht hyl am nocar b8yB, agd B304 eReh DI Wrdseb 1B B,Y¥ B3 hte CH&Kd than

al kyl sul fonyl, phenyl sul fon

|,
or substitut ethmdptN,kgﬂmﬁdfélsz aRdd; iIRCHW¥ndRhe obhentwo ar@N. B2) Bs,

Rs and Rio are as_defined above. Conpouynds of this invention include the
formula: NH H H HR=l$ &W&enaqgowe%’ afe |

0 -1X 3 15 wherein: f is an

integer from3 to

~ -~ R -
5

10

15

20

25

™3 O id Wb Rhstuielt At dtkto:dcit Bukylth-arkfl6.H5) © ©

cycloalkyl, substituted cycloalkyl. As-cycloalkyl, As-substituted cycloalkyl,
aryl, substituted aryl, Az-aryl, Az-substituted aryl, aryl-As-aryl, Az-aryl-As-
aryl, heteroaryl, Asx-heteroaryl, heterocycloalkyl, Az-heterocycloalkyl, aryl-
As-cycloalkyl, Az-aryl-As-cycloalkyl, aryl-As-heteroaryl, Az-aryl-As-
heteroaryl, aryl-As-heterocycloalkyl or Az-aryl-As-heterocyloalkyl.

Rao is alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, Ag-
cycloalkyl, As-substituted cycloalkyl, Az-aryl, or A»-substituted aryl.

Ro1 and Rg2 are independently selected from hydrogen., alkyl,
substituted alkyl, cycloalkyl, substituted cvcloalkyl. As-cycloalkyl, As-
substituted cycloalkyl. As-aryl, and Az-substituted aryl.

p is an integer from 2 to 6.

q is an integer from 1 to 6.

I 1S zero, one or two.

S 1S one or two.

t is one, two, three or four.

u is one, two or three.

Az is an alkylene or a substituted alkylene bridge of 1 to 10 carbons,
an alkenyl or substituted alkenyl bridge of 2 to 10 carbons having one or
more double bonds, or an alkynyl or substituted alkynyl bridge of 2 to 10
carbons having one or more triple bonds.

Az is a bond, an alkylene or a substituted alkylene bridge of 1 to 10
carbons, an alkenyl or substituted alkenyl bridge of 2 to 10 carbons having
one or more double bonds, an alkynyl or substituted alkynyl bridge of 2 to

10 carbons having one or more triple bonds,

—(CH2) g—0—(CH2)e— —(CH3)g—5—(CH2) e

] ’

~ 8
_R -

substituted phenyl sul fonyl) naphthyl sul f onyl

Ra,



10 0 - C_ Cg2-Q'Ro O -Cal kyl-S02-R~ 15 Novenber 2002 | IR9 IR9 |
~--Caryl-S02-R~ -" GCNA2- NCR4 ~ -CNA2-N CGCORQO Oi~ -CR~ provided
that -" C-R7 is other than phenyl am nocarbonyl, substituted
phenyl am nocar bonyl , napht hyl am nocar bonyl, substituted

napht hvl am nocar bonyl , car boxynet hyl am nocar bonyl) or

al koxycar bonyl net hyl am nocar bonyl, -S92-R, provi ded tP?Nov@@%EEZO@ZOther

t han al kyl sul fonyl, phenyl sul fonyl, substituted phen~lsul fonyl,
napht h~l sul fonyl or substituted naphthylsul fanyl, or ~(~2)ml10O - CNf ~
provided that if mis I, 2 or 3 than Rc is other than R6 hydrogen. carboxy,
al koxycar bonyl or aryl oxycarbonyl. Xs is phenyl am nocarbonyl, substituted
phenyl am nocar bonyl, 15 napht h~l am nocar bonyl, substituted

napht hyl am nocar bonyl , al kyl carbonyl, phenyl carbonyl, substituted
phenyl car bonyl , napht hyl carbonyl, substituted naphthyl carbonyl,

al kyl sul fonyl ) phenyl sul fonyl, substituted phenyl sul fonyl,
napht hyl sul fonyl, or substituted naphthylsulfanyl. R4, R;, Y, m n, o, Bi)
B2, Bs) v) w, and Rs are as defined above. Thijs invention is also directed
to the use of(fHe) wettt(&HL em20 cOMPCHNUs—Y~ ot &H4) eshown bel ow as
inhibitors of tryptasg, Factor Xa, Factor V La, apd urokinase plam nogen
activator. 13 15 Novenber 2002 H R14 HzN--C-N~-? ( CH2 ) t C ~R3 wherein:
R14 is hydrogen, carbox~~) al koxycarbonyl, al kyl carbonyl) 5 phenyl carbonyl,
substituted phenyl carbog~rl, naphthylcarbonylﬁ substituted

napht hyl carbonyl, al kyl ful fonyl, phenyl g fygryt—16tEIH N yt-ed

phenyl sul f onyt(CHaaphtifryCsulfori€Rk ) esubst i t'ut ed ngpht hyl sul f ohyl ,

phenylarninocarbonyl,ﬁﬁpbségguted pheryl anmi nocar kgnyl

napht hyl am nocar bonyl . substituted napht hyl am nocarbonyl) ~2-aryl, ~~~2~m O
i I I - G-N10 or R6 wherein mis 1. 2 or 3 and R c is hydrogen. carboxy,
al koxycarbonyl ) or ar=rloxycarbonyl. ~s and f are as defined above.
Det ai | ed Description The Invention 15 The term "al kyl" refers to
straight or branched fihain radicals having up to ﬂFn carbon atons The term
"l ower al kylCH;)X {5~ € aFmtedt branched r adi dial s having up to four
carbon atons and is a prdferred subgr cuplFie fETNTHE T e b ky |, .
Raa Raa
5
0
—(CH3) g—C—(CHz) ™ or —(cﬂz)d--ll\-—c—o—(cnz)e-—
Ra1

d and e are independently selected from zero and an integer from 1

to 6.



20 The term "substituted alkyl" refers to such straight or branched chain
radicals of 1 to 10 carbons wherein one or nore, preferably one, two or

t hree, hydrogens have been replaced by a hydroxy, am no) cyano, hal o,
trifluoronmethyl, vitro, -NH(lower alkyl), -N(Iower alkyl)a, alkoxy,

al kyl t hi o, carboxy, al koxycar bonyl , am nocarbonyl, or al koxycarbonyl am no.
14 15 Novenber 2002 The ternr"alkoxyﬂorefers to such a5k&hegﬂﬁmpﬁoas

defi ned above attached to an oxygen. The term "al kylthio" refers to such
al kyl groups as defined above attached to a sulfur. The terns "I ower

al koxy" and "l ower al kyithio" refer to such | ower aIkyI groups as defined

above attached to qgoqﬁagé%{gsegfﬁﬁs%%%ﬂ&qmg& forgheal kyl " refers to

fully or partlally sa ed rings carbons. e term "substituted
cycl oal kyl " rqn?rs to such rings of 3 to 7 carbons having one or nore
substituents selected from| ower aIkyI | ower 10 al koxy, |ower alkylthio.
hal o) hydroxy, tril uoronmeth~~l, o, cyano 1 -NH(I ower al kyl),

-N(l ower al kyl)2. or carboxy agI@e L-qig—s i Rgd to a phenyl ring
such as tetr ahydronapht hyl . The ternr"ar re ers|to phenyl. 1-naphth~Tl

and 2-naphthyl. The term "substituted aryI" r ef o phenyl) 1-naphthyl,
and 2 15 napht hyl having a substituent sel ect fromal kyl of 1 to 10
carbons, |ower al koxy) |ower aikylthio, halo, hydroxy, trifluoronethyl,
vitro, am no, -NH(|wheferhkyl), -N(lower alkyl)z) or carboxy , and di and
tri-substituted phenyl, 1-naphthyl) or 2-naphthyl wherein said substituents
are sel ect 6d from nBt;hglalkytet hox5-, net hylthio, halo, hydroxy and ami no. 20
The term "heter oaryl"” refer s to unsatur ated and partially saturated
rings of 4 to 7 atdésXﬁ#ﬂ%ﬂﬁ#ﬁ@S&W@ﬂéd&hﬁﬁC)and S atons andl or one to
four N atons) one t t hr ee ons _when the,r ons, provided that
the total nunber of @P@P&dﬁPg%@S lﬂv?‘i‘fémrf%u‘r!i%&he ?ﬂmr"aé 3 or less when
the ring is 4 nms. The heteroaryl ring is attached by may of an avail abl e
25 carbon or n ogen atom Preferred heteroaryl groups include 2-,3-) or 4
pyridyl, 4-im dazolyl, 4-thiazolyl) 2-N#and 3- threnw_d A2 and 3-furyl, and
2(1,4,5, 6- tetrahydropyrrnldrnyl) q&ml} oal o0 includes
bicyclic rings wherein the 4 to 7&%£— ered rrn@ %o1taini%b O S and N atons
as defined above is fused to a benzene) cycl oal kyl eroaryl or 15 15
Novenber 2002 heterocycloal kyl ring. Preferred bkﬁ@clrc\grngs are 2- and
3-indolyl and 4and 5-quinolinyl. The mono or bicyclic hetleroaryl ring can
al so be adgj tionally, g Qetituted at one or nore available carbon atons by a
| ower al ky hal o, car o0xy) hydroxy, Az-lower al koxy, Az-guanido, benzyl or
5 cycl ohexyi met hyi . R &Palkiyl. the nono or bicyclic ring has an avail abl e
Nat om such N atom can al so be substituted by an N-protecting group such as
benzyi oxycar bonyl , EheXLfbui@nyeasuoﬁybdabewzyl or benzhydryl. The term
"heterocycloalkyl" refers to fully, saturated rings of 4 to 7 atons

contai ning one or t&ORPGHRA @é&’&rﬁ“véﬁéﬂoérm ettgedg{mWd at oms, 10 one to
three N atons nthering is 4 atons, provided that the total nunber of
hetero atons i eringis 4 or less, 3 or Iess when the ring is 4 atons.
The heterocycl oal kyl is attached bwmmay of an avmil abl e carbon or nitrogen

atom Preferred heterocycl oal ky, % di nyl

t et rahydr of uranyl , tetrahydrotﬁ%@ﬁ} _H%brgﬁ%Pﬂﬁy t t%hhydro 1,2 15

t hi azi nyl) piperazinyl, piperidiny |, honopiperiki and azetidinyl. The
term heterocycl oal kyl al so i ncl udes bicyclic ri¢gs rein the 4 to 7
menbered sb®urated ring containing O, S and N atomns defined above is
fused to a cycloalkxg ?enzene het eroaryl, or heterocycloalkyl ring. The
nmono or bicyclic het y%f§%loalkyl ring can also be substituted at one or 20
nore avail abl e carbqy, 24@%BarRYasPddmed aviéy! . hal o, carboxy, hydroxy, Az

| ower al koxy, Az- guanrdo benzyl or cyclohexylnethyl. Al'so, if the nono or

bi cyclic heterocycloal ky ring has an avail able N atom such N atom can al so
be substituted by an N-protecti p such as begﬁéboxycarbonyl
t ert but oxycar bonyl) benzyl gor Fec;ﬁééh 250 The vigl 0" refers to

chloro, brono, quorg and MOdo terns "aukyl and > Substitued
al kyl ene" refer to a rrH’ STNTITo 10 carbons as. - 4) -(CH2) z-,
-(CHz)s-) etc. One or nore hydro &ns, preferably Ethn t he al kyl ene
bridge can e replaced by an al kyl, substrtuted al kyl , carboxy,
alkoxycarb am no, -NH(| ower aIkyI}) 16 15 hbvenber 2002



-N(! ower al kyl)a, hydroxy, am nocarbonyl, al koxycarbonyl am no, hal o,
cycl oal kyl, substituted cycloal kyl, aryl, substituted aryl, hetereoaryl, or
heterocycloalkyl) e.g. - ~HCHz_ CHz 5 .--~HCHz_ CH3 ~ =0 CCH3 °

-~H CH2CzHs etc. The terms "al kenyl" and "substituted alkenyl" refer to a
bridge of 2 to 10 carbons having one or nore doubl e bonds, preferably 2to
6 carbons with one double bond, such ik -CH=CH) - CH=QENR CH,
10 etc. One or nore hydrogens, preferably one, in the alken;? bri dge can be
repl aced by an al kyl, substituted al kyl, carboxy) al koxycarbonyl, am no,
-NH( | ower al kyl), -N(Iomer alk¥l)z hydr oxy, am nocar bonyl,

al koxycar bonyl ag no, kyl, substituted cycl oal kyl, aryl)
substltuted arylll, he eroar ly terocycloalkyl e.g. --C~C -~Cf:-CHz-
CH3 ° 0 ~~~~~=C-e¢N, 1-~J H5 ThE‘TEﬁh1"alkynyl" and "substituted al kynyl "
refer to a bridge of to ca;ﬁg ? having one or nore triple bonds,
preferably 2 to 6 carBams)w ri ple bond, such as -G -_GC, -CHZ-C:C-
-C=C-CH2-) etc. One or 20 nor e hydrogens in the al kynyl bridge can be
replaced by an alg ryl, substituted,al kyl, carboxy, cl koxycarbonyl, am no)
car boxy, alkoxycarbonyl, 17 15 Npvember 2002 am Mo, -NH(Iower alkyl),

-N(1 ower al kyl7z Ch{dedRY Raani neearbaiy sadteaxy caidowblivam S ~ral o,
cycl oal kyl, substituted cycloal kyl, aryl, substituted aryl, heteroaryl, or
heterocycloalkyl -~C - H-C ©~R 0 CH@ ?tc. 5 Theocggpoqusoof formul as

IV, V and VI ca?be p{__pared as_f |H\]O\£{S N—C—-R, L, 1'\7 I(l: oR
LT AamAyT = L—=URy

)

0 0
L] 1]
—C=R7 provided that ~ C~R7 is other than alkylcarbonyl, phenylcarbonyl,

5 substituted phenylcarbonyl, naphthylcarbonyl, substituted
naphthylcarbonyl, phenylaminocarbonyl, substituted
phenylaminocarbonyl, napththylaminocarbonyl, or substituted
naphthylaminocarbonyl, or -SO2-R7 provided that -SO2R7 is other than
alkylsulfonyl, phenylsulfonyl, substituted phenylsulfonyl, naphthylsulfonyl

10 or substituted naphthylsulfonyl.
R4, Rs, Y, Rs, m, n. 0, By, Be, Bs, Rs, Re and Rjo are as defined above.

Compounds of this invention include the formula:

)]
Il R13
HoN—C~—NH—(CHj3)*
—N_
0 X

15 wherein:
f is an integer from 3 to 5.

" (,(Cthp\

Rusis _ & §
\_(Cﬁz)wj



15 Novenber 2002 The carboxy substituted azetidinone of the fornmula (vin
CO2Hi N_P3 0 wherein Pa is a silyl protecting group such as
tert-butyldinmethylsilyl is 5 treated with an al kyl di halide of the formula
Cl-(CHa)g-1 in the presence of base to give the carboxy substituted
azetidinone of the 10 fornula CO2H Cl-(CH2)~ N_P3 0O The carboxy substituted
azetidinone of formula IXis then trd&ed I5 with an qtglNiﬁ/emmhm%odl um
azide followed by a fluoride ion salt such as tetrabutyl amoni um fluoride
to remove the silyl group and give COZH N3- ( CH2 ) g NH O Hydrogenation of
the conpound of formiCHy)X by-Breating with hydrogen in 20 the presence of
pal I adi um on cgrbon/cat a t gl%T t he al kyl am no conpound of the formula
is reacted witl_thg dipro Waatl ng agent of the formula CO2H

H2N- (CH2) Q NH O 15 venb 2002 The al kyl ami no conmpound of formula X,
preferably as an aci 5 1°P9 NPL PI-NGL I Hwherein Pi is an
N-protecting group suc as t eBt - but oxycar bonyl or benzyl oxycarbonyl and L

is a |l eaving grgyp such as nethylthlo or pyrazolyl to give the azetidi none
conmpound of theyformula

II
-— C—" CH;-CO—Ryp , —C—alkyl—S0;—-R,
0 0] Rq O
i i e 1o ] (") Ro |9,?
~(C-aryl—s0;—Rr, ——C~N-A=N—=C=R;  —(C~N-2;-N-C~ORy

0 0
—C=R7 provided that ~C~R7 is other than phenylaminocarbonyl,

5 substituted phenylaminocarbonyl, naphthylaminocarbonyl, substituted
naphthvlaminocarbonyl. carboxymethylaminocarbonyl, or
alkoxycarbonylmethylaminocarbonyl, -SO2-R7 provided that -SO2R7 1s
other than alkylsulfonyl, phenvlsulfonyl, substituted phenvlisulfonyl,
naphthylsulfonyl or substituted naphthylsulfonyl, or

(CHz)
% [__——‘ 2/m

- C'—'N“f provided that if m is 1, 2 or 3 than Rg is other than
10 R¢

hydrogen, carboxy, alkoxycarbonyl or arvloxycarbonyl.

X3 is phenyvlaminocarbonyl, substituted phenylaminocarbonyl,
naphthylaminocarbonyl, substituted naphthylaminocarbonyl,
alkylcarbonyl, phenylcarbonyl, substituted phenylcarbonyl,

15 naphthylcarbonyl, substituted naphthylcarbonyl, alkylsulfonyl,
phenylsulfonyl, substituted phenylsulfonyl, naphthylsulfonyl, or
substituted naphthylsulfonyl.

R4, R5, Y, m, n, o0, By, Bs, B3, v, w, and Rg are as defined above.

This invention is also directed to the use of the beta lactam

20 compounds of formula VI shown below as inhibitors of tryptase, Factor Xa,

Factor VIIa, and urokinase plaminogen activator.



~) P CO2HH3- CG i - ( CHz ) g PL HO 15 Coupling the internedi ate of
conpound XIIl with an am ne selected from( CHz ) ~, R4 ~f R5 R6 (CH2)o Bl

Rg B2 ~(CHZ)n B3 ~(CH2 ) ~~ Y. (CH2)J i9 Rg Oi9 RO 0 HNA2- N CR4 ~ or
H ~A2- N C OR4 20 gives the compound of the formula 15 Novenber 2002

11 pl ~-C_N (CH2) gR5PLHNHOO Rwherein Risis _ ~ N ~R5
~(CH2)v~ 0 TT 1V~ ( CH2 )~ g Rg 0 _ G3 N--A2- N-- C - R4 Ndvemltir-on C
(N.I~R6 (CH2)o Bl i ~~R- G N~~8B2~(CFi2)ri B3
V)
I H H Ry
HyN—C—NH—(CH3) T
g
I N,
wherein:

Ri4is hydrogen, carboxy, alkoxycarbonyl, alkylcarbonyl,

5 phenylcarbonyl, substituted phenylcarbonyl, naphthylcarbonyl,
substituted naphthylcarbonyl, alkylsulfonyl, phenylsulfonyl, substituted
phenylsulfonyl, naphthylsulfonyl, substituted naphthylsulfony],
phenylaminocarbonyl, substituted phenylaminocarbonyl,

naphthylaminocarbonyl. substituted naphthylaminocarbonyl, As-aryl.

10 or Re wherein m is 1, 2 or 3 and Rg is hydrogen.
carboxy, alkoxycarbonyl, or arvloxycarbonyl.

X3 and f are as defined above.

Detailed Description Of The Invention

15
The term “alkyl” refers to straight or branched chain radicals having
up to ten carbon atoms The term “lower alkyl” refers to straight or
branched radicals having up to four carbon atoms and is a preferred
subgrouping for the term alkyl.
20 The term “substituted alkyl” refers to such straight or branched

chain radicals of 1 to 10 carbons wherein one or more, preferably one, two
or three, hydrogens have been replaced by a hydroxy, amino, cyano, halo,
trifluoromethyl, nitro, -NH({ower alkyl), -N(ower alkyl)z, alkoxy, alkylthio,

carboxy, alkoxycarbonyl, aminocarbonyl, or alkoxycarbonylamino.



(' (gRoOol, _ ~"NA2-N.COR4A Reacting the internmediate of formula
HV with an acid chloride selected fromo Cl- GR~ ( CH2 ) "~ 0 cZ c- NL (
cH2 )J O(--(CH2)mC1-CG ~N-1-" Rs ~(C-i2) oBl 1~/ ~RCI-CGC N~ s B2
~(CHZ)n B3 10 C1-C-CH2-0-Rlo C1 CGNHS02-R~- Rg O O C1-C- N A2-N-C RQ

Cl- G al kyl -S02-R~ Rg O Cl-C axyl-S02-R7 ~ C1-CNA2-N-'C-ORQ or O -S02-R7
or reacting with O-S02-Rg gives the ddnmpound of the f o5 Ngvamber@008l as V)
V and VI. 15 Novenber 2002 H ~~3--C- N (CH2) g R15 1P1 N~ O Xi Renoval of
the N-protecting groups gives the conpounds of 5 10 15 The conpounds of

formula IV and VI erein R- or a i s cgrbgxy or al koxy.carbonyl can be
prepared by react irR§ ‘e AHEGYEETeRs o gre 613%%850’;@% fs ﬁﬁeéﬁ%ﬁ%ohol,

brom de. or igdi L . - - ' S
ol yl - subst PRAPAEA S pb¥vpgh il fergoelaior ri5ito S afigIBORIRE,
reaction i s gefihed abdvé BttabBedt6 8 MrOMTIR tePuR! Idfer SRARH aBdCower

di cycl ohexyl carbodi i m de, 1-ethyl-3-(3-dinethylam no) propyl carbodiim de,
benzot ri azol alkyitiieV refes ¢asueh hywanalke) ploagehanddfmdkabdtaattaghasthahe, or
car bonyl di i m dazole. Wen XVI is Br-Z or I-Z, the reaction is perforned in
t he preseﬁceowg@@a%\éﬂ!}‘uch as sodi um carbonate or bicarbonate. The

reaction gives th%hceotré?ound of ..t he

m " cycloalky réigzr'sn%l f?illy or partially saturated rings of 3

to 7 carbons.
The term “substituted cycloalkyl” refers to such rings of 3 to 7
carbons having one or more substituents selected from lower alkyl, lower

10 alkoxy, lower alkylthio. halo, hydroxy, trifluoromethyl, nitro, cyano, amino,
-NH(lower alkyl), -N(ower alkyl)z. or carboxy as well as such rings fused to
a phenyl ring such as tetrahydronaphthyl.

The term “aryl” refers to phenyl, 1-naphthyl and 2-naphthyl.
The term “substituted aryl” refers to phenyl, 1-naphthyl, and 2-

15 naphthyl having a substituent selected from alkyl of 1 to 10 carbons, lower
alkoxy, lower alkylthio, halo, hydroxy, trifluoromethyl, nitro, amino,
-NH(loweralkyl), -N(lower alkyl),, or carboxy, and di and tri-substituted
phenyl, 1-naphthyl, or 2-naphthyl wherein said substituents are selected
from methyl, methoxy, methylthic, halo, hydroxy and amino.

20 The term “heteroaryl” refers to unsaturated and partially saturated
rings of 4 to 7 atoms containing one or two O and S atoms and/or one to
four N atoms, one to three N atoms when the ring is 4 atoms, provided that
the total number of hetero atoms in the ring is 4 or less, 3 or less when the
ring is 4 atoms. The heteroaryl ring is attached by way of an available

25 carbon or nitrogen atom. Preferred heteroaryl groups include 2-,3-, or 4-
pyridyl, 4-imidazolyl,4-thiazolyl, 2- and 3-thienyl, 2- and 3-furyl, and 2-
(1,4,5,6-tetrahydropyrimidinyl). The term heteroaryl also includes bicyclic
rings wherein the 4 to 7 membered ring containing O, S and N atoms as

defined above is fused to a benzene, cycloalkyl, heteroaryl or



(XVI1) NP1 CO2Z HN C N ( CH2 ) gpl HI NHO Reacting the internediate
of formula XVII with an acid chloride 20 selected fromo d CGR7 ~(~2)md -
C-N Rs 22 ~(CH2)v~ OC1l-CG- N ( CH2 )~ s 15 Novenber 2002 A -C N ~ |
Rs B2 ~(CHZ)n B3 O0 C1-CCH2-OR o0 C1-CG--Nf3-S02-R~- 5 Rg O" i9 RO 0 C1
C~NA2-NC!'Rg C1 CNA2-N-CG-0OrRqg >>00 (I Il d-8S02-R~ ,
C-Calkyl-SO--R~ , or Cl-C-aryl S021R~ ~ or reacti N s\Nbhe@bdr 3002 R~ gi ves
t he conpound of the formula co2z ti Pl HNG;-(CH2)g pl HN O X1 When Z is
a protecting group such as benzyl or benzhydryl) renmoval io of this group

and the N pr Réﬁgaéﬁ%ﬁkﬂ%.ﬁg.fs 'P?é‘fehtég kﬁ@ﬁﬁ?ﬁ%@g@&% 2”{) {MRQ-M&M afli\es the

desired conpounds “of fornmnu IV and VI" whereln ~.; 1S carboxv.

Al so, when Zah8 5agkigloliagl. SThE imdnstc@thieydli¢ hedewbatl iiag can also be
additionally substituted at one or more available carbon atoms by a lower
alkyl, halo, carboxy, hydroxy, Az-lower alkoxy, Az-guanido, benzyl or

5 cyclohexyimethyl. Also, if the mono or bicyclic ring has an available N-
atom such N atom can also be substituted by an N-protecting group such
as benzyloxycarbonyl, tert-butoxycarbonyl, benzyl or benzhydryl.

The term “heterocycloalkyl” refers to fully saturated rings of 4 to 7
atoms containing one or two O and S atoms and/or one to four N atoms,

10 one to three N atoms when the ring is 4 atoms, provided that the total
number of hetero atoms in the ring is 4 or less, 3 or less when the ring is 4
atoms. The heterocycloalkyl is attached by way of an available carbon or
nitrogen atom. Preferred heterocycloalkyl groups include pyrrolidinyl,
tetrahydrofuranyl, tetrahydrothienyl, morpholinyl, tetrahydro-1,2-

15 thiazinyl, piperazinyl, piperidinyl, homopiperizinyl and azetidinyl. The
term heterocycloalkyl also includes bicyclic rings wherein the 4 to 7
membered saturated ring containing O, S and N atoms as defined above is
fused to a cycloalkyl, benzene, heteroaryl, or heterocycloalkyl ring. The
mono or bicyclic heterocycloalkyl ring can also be substituted at one or

20 more available carbon atoms by a lower alkyl. halo. carboxy, hydroxy, As-
lower alkoxy, As-guanido, benzyl or cyclohexylmethyl. Also, if the mono or
bicyclic heterocycloalky ring has an available N atom such N atom can also
be substituted by an N-protecting group such as benzyloxycarbonyl, tert-
butoxycarbonyl, benzyl or benzhydryl.

25 The term “halo” refers to chloro, bromo, fluoro and iodo.

The terms “alkylene” and “substitued alkylene” refer to a bridge of 1
to 10 carbons such as -CHa-, -(CH2)2-, -(CHz)e-, etc. One or more hydrogens,
preferably one, in the alkylene bridge can be replaced by an alkyl,
substituted alkyl, carboxy, alkoxycarbonyl, amino, -NH(lower alkyl),



15011 -" CG' ~ R4, the conpound of fornula XVIII can be treated to
renmove the N-protectings groups followed by mld agueous hydrolysis to give
t he desired conpounds of fornmula IV and VI wherein R or Ri 4 is carboxy.
The conpounds of forrmula Il can be prepared by treating the carboxy
substituted azetidinone of formula I X wth a hal oal kyl of the fornmula 23
15 Novenber 2002 hal o-R12 in the pre3€nce of base whersipveaber 2602 , Br)
or | to give the azetidinone Rl12 HO- ( CH2 ) g CO2H NP3 5 0 The
azetidinone of formula X~ can al so be prepared by reacting the azetidi none
of formula VI with the haloal kyl of fornmula XIZ in the presence of base to
gi ve the azet-Nglowwrealyl)t,Heydroxyndmidoearichyl] £MkdkyddrboiAathihociodlopnt of the
compound of formula XXI w th an al kyl di halide of formula VIII in the
presence of Isaskoatkxlesubstituaed cyelpabiyd aiylfurhatitutedaryinketereasrsl, msne of
formula YsX i,s then regacted in the same manner as the azetidi none of
formula |~ d&eteros¥eioaliilee-Bo give the desired 15 conpounds of for mul a

[11. The conpounds of formula Il wherein R is other than al kyl can be
prepared by treating the olefin of the formula IRl HC= C - CH= CH2 20 with
chl or osul fonyl—i-raemlaate to- g the—a}}B{d}Qi-none_fg_bﬁg_forrml a RI11 CH CH2
o]
CH; CH; (|:=O CaHjg
ocm; ’ etc.
5

The terms “alkenyl” and “substituted alkeny!” refer to a bridge of 2
to 10 carbons having one or more double bonds, preferably 2 to 6 carbons
with one double bond, such as -CH=CH-, -CH=CH-CHs-, -CH2-CH=CH-,

10 etc. One or more hydrogens, preferably one, in the alkenyl bridge can be
replaced by an alkyl. substituted alkyl, carboxy, alkoxycarbonyl, amino,
-NH@ower alkyl), -N(lower alkyl)s. hydroxy, aminocarbonyl,
alkoxycarbonylamino, halo, cycloalkyl, substituted cycloalkyl, aryl,

substituted aryl, heteroaryl, or heterocycloalkyl, e.g.

—CH==C— —|C=_-CH—CH2—-
CHj
“"‘CFCH—TH——' , etc.
15 C2Hs

The term “alkynyl” and “substituted alkynyl” refer to a bridge of 2
to 10 carbons having one or more triple bonds, preferably 2 to 6 carbons
with one triple bond, such as -C=C-, -CHs-C=C-, -C=C-CHg-, etc. One or

20 more hydrogens in the alkynyl bridge can be replaced by an alkyl,
substituted alkyl, carboxy, alkoxycarbonyl, amino, carboxy, alkoxycarbonyl,



24 15 Novenber 2002 Oxidation of compound XXl Il such by treatnment with, for
exanpl e) potassi um pernmanganate followed by silylation with a tri (Il ower

al kyl) silyl chloride gives the azetidinone of the fornmula R11 CO2Fi N p3 O
The azetidinone of fornmula XXIVis then reacted in the sane manner as the
azetidinone of formula VIl described above to give the desired conpounds of
formula Il. 10 The conpounds of formlifa Il wherein Rig RBdembenpgopot h

al kyl can be prepared by treating the azetidinone of the formula Rl11 R1L N
-P3 O wherein R~ and R~ are both alb-yl in the same nmanner as the
azetidinone 15 of fornula VII described above. The dial kyl substituted
azetidi nones of formula ~V are known in the art, for exanple, see U S
Patent 4,775,fi70. The conpounds of formula IV and VI wherein R or Rl4 is
-(CHa) z-aryl can be prepared by reacting an N-prot ected guani di ne of the

formula 20 (X~vn |1 pl I i -C—NH~(CHZ) g CHZ .cOzCH3 Hw th an
N- pr ot ect ed com%@d )
trimethylsilyl in the presence ﬁg 1 hgropyl’ g.%ll céba?(ﬂ)ox‘glﬁve t he

azeti di none of alkegyéfbatyanbino| hElo, E&cloa].kyl Cédﬂdtxtﬁtéa'@cloaﬂlkﬁl"ﬁrﬁl‘F aryl HO

substituted aryl, heteroaryl, or heterocycloalkyl, e.g.
—_C=C =l

‘

’

—'EC——TH——

CH; ete.

The compounds of formulas IV, V and VI can be prepared as follows.



The azetidinone of fornmula YXVIII is then reacted with an acid 1~ 15 O
~tCH2) m chl ori de selected fromo ~~ &G ~N~~ Cl- GR~- R6, ~(CHZ v~ O SY
Cl- G N - ( CHR )J OCl-CCHZ-O-R 0 15 November 2002 P2- N= CH CH=
CHaryl ~(~2) o0 C1-CG ~ ~ R8 B2 (CHZ)n OCl CGIW-SOz-R~ ,j i 9 Rg OO
O-CNA2-N-CG-R4 ~ C1 CGal kyl-SOz-R~- ~g Rg O C1- C-axyl-S02-R~ Cl- C
NA2- N C OR4 > > or ~1-s02-R~ ~ ol8with ~~' s02- R~ {5oNgvaraberf 2002w ng t he
reduction of the al kene group and renoval of the Pl protecting groups, the
desired conmpounds of forrmulas IV and VI. Conpounds of fornmula Il, IV, and
VI can al so be prepared by reacting the acid chloride of the formula 26

15 Novenber 2002 : = k . onpound of the
formula 5 R2 H3C %ngﬁé@%%%iguﬁx\qhget[&)@ggg%@g?%%%gg%ﬁto gi ve the

azetidi none gfrhhe formula R~ C1 (CH2)9 COOCH3 N O OCH3 10 Treatment of the

azetidinone of tormula ~I with an azide such as sodi um azi de gives the
azetidinone R2 N;- t CHz ) ~ COOCH3 COz2H

S/ N-P;

O/

wherein P3 is a silyl protecting group such as tert-butyldimethylsilyl is
5 treated with an alkyldihalide of the formula

(VII)
C1-(CHz2)q-1

in the presence of base to give the carboxy substituted azetidinone of the
10 formula

X

COoH
Cl-(CHp) g™

/——N-P3
&

The carboxy substituted azetidinone of formula IX is then treated
15 with an azide such as sodium azide followed by a fluoride ion salt such as

tetrabutylammonium fluoride to remove the silyl group and give

&)
COzH

N3~ (CHy) q—-——(

4/ —NH
O/

Hydrogenation of the compound of formula X by treating with hydrogen in
20 the presence of palladium on carbon catalyst gives the alkylamino

compound of the formula



N O OCH3 I5 Treatnment of the conpound of fornmula XXXII with ceric ammoni um
nitrate renoves the nethoxyphenyl group and the resulting azetidi none can
be reacted in the same nmanner as the azetidi none of formula X described
above to give the desired compounds of formulas Il, IV, and VI. / ( CH2 ) t
-N The conpounds of forrmula | where A3 is ~ t CH2 ) a 27 15 Novenber
2002 can be prepared by reacting thel@onpound of the joNHVembelrGHRRt ~ (
CH2 ) u"LlI wherein Li is a |eaving group such as brono or iodo with the
azetidinone of 5 formula "VIlI, XXI, XXIV or XXV in the presence of base to
gi ve the azetiginone of the formula (X~IV~/ ( CH2 ) t R3 ~2 ~\ ( CH2 ) a
COON NH 0 Re | of the P1 protecting group and treatnent of this
azetidinone as 10 described above for the azetidcogne of fornmula ~il gives
t he desired conmpounds of fornulB&N-(CAL}erred+vely, the azetidi none of
formula XXXI'V can first be treated wth an chloride to introduce the
desired X~ group, deprotected) and then reg w th the guan~~l ati ng agent
of formula XII. Aternatively, the conmpouds of formula | wherein Al is
/[(CHZ)t -N >, R is -(CHa)a-aryl and Ra and Rs are hydrogen can be (CH2)u
15 prepared by reacting a conpound of the formula ~ ( CH2 ) t PL N~ ( CHZ
) u-CHZ-COOCH3 with_the reagent of formula XXVII_in the presence of |ithium
20 dii sopropyl ani ne’rh%a-giﬁ%mﬁ%"%ﬁ?m pbleematla & epreferally as apgacid salfyenber

or o ect 1 nggr OB FeAE0 R RS KpiotseiEh EogOaiRy A rerge of e tormila (1€ T
XID)

e
P1— II\T-'"C_L

H
wherein P, is an N-protecting group such as tert-butoxycarbonyl or
benzyloxycarbonyl and L is a leaving group such as methylthio or pyrazoly!

10 to give the azetidinone compound of the formula

0,411}
ik CO,H
mgl— C— E—- (CHaz) q—-j-—(
/-—-NH

Coupling the intermediate of compound XIII with an amine selected from

% [—:J(Cﬂz) m ( (CH2) "\Y

- | HN
HN‘/RS ' 1!{6 \(CHz)wj
15
(CHy)o Bt
X

HN, | \l Rg

(CHJIn 33/ B2 ’
Rg Rg R9 Ry



agent conpound of fornula Xl I
{~~VII) i
intermedi ate of fornula XXXVII

"P1~ (CH2) t Hi-CGN ,

gi ves the azetidinone of the fornula 5
_~2 ) a CHCHaryl P1 NH O Reacting the
with an acid chloride selected fromo Cl-

GR-( CH2) ~~ OCl-C NCH )~ ~(~2)m0 C1- GNR6 (CH)e CI-C N~ | RB
B2 ~(CHZ)n B3 1L 0 RO RO 010 CI-CCH2-OR o0 O-"CNA2-NC R4 OO0
d.-Calkyl-S02-R~ O -Cary~-S02wR-20 , 'I ( 9 RO O ¥ NoGefriber R202- N- -

C--0OrRq , or d"'so02-R~ ~ or

t he al kene gxoup and renoval
I 5 conpounds of fornula I.

reacting with o~so2-R followed by reduction of

of the Pi protecting groups gives the desired
29 15 Novenber 2002 Alternatively, the

conpounds of ofRisMedompiiRidedfthélfoldul 20

XIV)

HN—C-II\I—' (CH,) q—-———[—Rls
P, H

o)
wherein Risis I(':_N\

(CH3)
e Y

Rs

4

N~-P,

|

/——NH
o/

(CHz)m
0
R i l _J

-—C—_N-l )
Rs

0]
—C=—N I \I
( CHz ) w B2 I
(CHy) N =z
5 By
O Rg Rg O 0 Re O
] 0 ] ]
—C-N—R;—N-—C—Ry g — C~N~—~A;—N—C—0-R4
Reacting the intermediate of formula XIV with an acid chloride
{CHy)
S 2/m
selected from 0 l _J
i Cl—C—N-| .
Cl—C—Rs R
(CHz2) o Bl\
(CHa) I N
0]
f ( \ Cl—C=~ N ‘ T Rg
Cl~C— N _jY _B ,
CH =z~
Ny (Haim g
i 0
10 G—C—CHm0—Rw  Cl—C—NH—S0;~R7

O Rg Rg O O

i1 7 i
Cl=C~=N-~—2y;=~N=—C—Ry ’ Cl~—C-—alkyl-S0,—R~

i PP PR
Cl—C—aryl—S0,—Ry , Cl~C= N=—2,— N— C~0ORy or Cl—803-R~ or

reacting with ON"—"S02=R9 gjyes the compound of the formula



~(CHz)t -N, can be prepared fromthe azetidinone of fornmula ~~ ( CH2 ) u_
XXXVI'I. According to this process, the ring nitrogen is protected by
treating the azetidinone of formula X~~XVI|l with, for exanple, tert

butyl di net hyl siiyl chloride. Treating with ozone reduces the noiety -CH=CH-
to an al dehyde which is then converted to a carboxylic acid by Jones

oxi dation or by treating with sodiun?thlorite and sul {gamdveatiat.2088noval of

the silt' 1 protecting group gives the azetidinone of the fornmula (XX~"111)
~~ P1/ (CH2) t P%N—-C—N ~\ (CH2 ) a COONHI NHO 15 Treatnent of this
azetidi none a scri bed above for the azetidinone of fornmula X1l gives

t he desired compounds of formul gglp, The followng is a preferred route to

the intermediate of formula X IIj Accor di ng to this procedure, the silyl
protected azetidi none of for mH-ac-¥iN—i(GH}Y pe-w-tR.4 he N-protected iodo
conmpound of the formula pl1 ~|( CHd ) g | Pl 20 tp give after renoval of
the silyl protecting group the azet di none L heyformul a 30 15 Novenber

of
2002 (~) PjJN ( CHZ ) g CO2H pl I NHO vvhicd(rray‘bg i sol ated as an am ne
salt such as the tert-butylamne salt. The Pi prot ect | ng groups are renoved

fromthe azetidi nopugm%gapog,‘q{eml O&ti?&g@?‘?ﬂﬁﬁf%' t%'ertq) Qi is reacted

with the diprotected guanyl ati ng agen | to grve the

intermedi ate gfenfi@aguvavdid Whi ch again may be isolated as an am ne salt
such as the tent-butylam ne salt. The iodo conpound of fornula SIX can be

prepared Wy reacti The tompounds pf furentiedVaand¥1efhdrbim RoomRaisRdarBaxyot h t he

al kyl di halide of formula VIIl to give_ the chloro conmpound of the
oxy carbonyl can be prepared by reacting the intermediate of formula

XIII with an alcohol. bromide. or iodide of the formula
XVI)

HO—2  Br.Z,orl-Z
10  wherein Z is alkyl, substituted alkyl. benzyl or benzhydryl. When XVI is
HO-Z, the reaction is performed in the presence of a coupling reagent such
as dicyclohexylcarbodiimide, 1-ethyl-3-(3-dimethvlamino)propyl
carbodiimide, benzotriazol-1-yloxytris(dimethylamino)phosphonium
hexafluorophosphate, or carbonyldiimidazole. When XVI1 is Br-Z or I-Z, the
15 reaction is performed in the presence of a base such as sodium carbonate

or bicarbonate. The reaction gives the compound of the formula

XVII)
N-P;
“ CO,2
m;r—c—z?—(cm)q——-——(
P
! H — NH

&

Reacting the intermediate of formula XVII with an acid chloride

(CHz)m
O ‘
selected from ﬁ Cl— '(E_N ..|_I ,

20 C1— C—Ry R¢

3



formula 15 (XI~I~ pi jr,_( cx~ ~ g-mpl The chloro conpound of fornula
XLIl is then treated with sodiumiodide in the presence of base to give the
i odo conpound of fornmula ~. The follow ng alternate procedure can al so be
enpl oyed to prepare 20 the conmpounds of fornulas IV and VI. The azetidi none
of formula I X is reacted with benzylchloroformate in the presence of
triethyl am ne and di net hyl am nopyri d4e to give the bghRpvembeeR002 the
formula 31 15 Novenber 2002 C02-CH2--( V) C1- ( CH2 ) ggq N. P3 O
Treatment of the chloro conpound of formula XLIII with sodiumiodide gives
the iodo conpound of the formula 5 (XLI~ @RsGH2 LB1 ( CHZ ) g NP3 O The

I odo conpound of forrmL%hELR/ Is regcted /Wt e di tected guani di ne of
the formula zZO (RL~ NN - (i—__ 2 Hto gi t he L#li none conpound
of the formilg &y, HN. & &7CTH N_ P3 O 15 Repoval of the
silyl protecting gro%}:.)rI Pa frgmthe azetidhn

foepBka XLVI for exanple
by reacting wth amoM wHf uori de gives t h&242et ) @ none conpound of the
formul a '

q P

il
Cl=—C=—CH;—~0—Rjp Cl—C~—NE—S0;—R7

’

0 Rg Ry O O Rg R o}
0 T T ]
Cl=C~N—Ry—N-——C~R,  Cl=C-N—A;—N—C—~0Rq

0
i ]
Cl—S02-R7 Cl—C~—alkyl—S0O,—Ry or CI—C—aryl—S0,—R7

5 reacting with OCNT5027R7 giyes the compound of the formula

(XVIII)
N-P;
il C032
m}r— C_Ii]— (CHy) q——-‘—r
Py H
SN
O/ \Xl

When Z is a protecting group such as benzyl or benzhydryl, removal
of this group and the N-protecting groups from the compound of formula
10 XVIII gives the desired compounds of formulas IV and VI wherein R; or Ris
1s carboxy.
Also, when Z is alkyl or substituted alkyl and X is
i
— C—NH-Rs  the compound of formula XVIII can be treated to
remove the N-protectings groups followed by mild aqueous hydrolysis to
15 give the desired compounds of formula IV and VI wherein R; or Ris is
carboxy.
The compounds of formula III can be prepared by treating the
carboxy substituted azetidinone of formula IX with a haloalkyl of the

formula



32 (XLVII) 15 Novenmber 2002 HN C N ( CH2 ) C02- CH2--( V) 21 ~/4 pl
NH O Reacting the internediate of formula XLVII with an acid chloride O
~(CHZ)mo Cz-~ N tJ selected fromC~- CGR~-, Rs ( CH2 ) ~~0O0C3- CGC Nro ~ (

CH2 )~, ( CHR) ~ Il / CI-CG- NB2 ~(CHy)r. B30 R9 Ry O C1-G--CH-OR 0
ClL " GNA-NGRyOOIi Il Cl- Cal kgI-SOZ-R~ Cl Garyy S02-' R-, Cl
C-NA2-NGORg Cl- G NHS02-R , , 023Cl-sot-R- or regeNongmbet BOGEN S02- R~

eves the compound of the 10 formula (XLVIII) i H2ZN-- CGN ( CH2 ) g C02-CH2
P1 O Renoval of the benzyl protecting group and the Pi hl-protecting groups

tomthe azetighyone of formula XLVIII gives the desired 15 conpounds of
formulas IV an l.

halo—R;,

in the presence of base wherein halo is Cl, Br, or I to give the azetidinone

0:0.9)
Ri2 H
Cl— (CH;) ¢ COH
L‘N-Pg,
5 0/

The azetidinone of formula XX can also be prepared by reacting the
azetidinone of formula VII with the haloalkyl of formula XIX in the
presence of base to give the azetidinone of the formula
XXD

Ria B co.n
T
/L—-N-P;;
10 o}

Treatment of the compound of formula XXI with an alkyldihalide of
formula VIII in the presence of base gives the azetidinone of formula XX.
The azetidinone of formula XX is then reacted in the same manner
as the azetidinone of formula IX described above to give the desired
15 compounds of formula III.
The compounds of formula II wherein R; is other than alkyl can be
prepared by treating the olefin of the formula

XXID)

Ru
HC=(C—CH=CH,

20  with chlorosulfonylisocyanate to give the azetidinone of the formula
&XIID

Rna

——Nl.i .




\ C&Z ~N,- ( CHz ) g pl NH O 15 Novenber 2002 (CH2)q Rzo can be prepared
by reacting the azetidi none of fornula XL with an al cohol, brom de, or

i odide of fornmula 1'VI to give the azetidinone of the fornula pl 5 Reacting
the internediate of fornmula XLI~; with an acid chloride 10 The conpounds of
formula | wherein Al is selected fromo C3- GR~- ( CHz ) ~'~ OCl G- N(
CHz )~ OCL-GCHz-0-Rip 33 ~(CHz)m 1440 _C 1- C N, FoNoaktnpen20d2c N ~ |
R8 B2 ~(CHZ)n B3 CCl- GCNH-SAO-R , RO OO0 CI-CNAz-NC R4

Cl-C al kyl-S02--R~ !l |~~~9 RO 0 d-Caryl S02-rR~ ~ C1-CNAz--N---C CR4
or C-S02-R~ or reacting with O-SOZ-R9 eves the conpound of the fornula (L)

PL\ COz Z -- (§Hah 3nPsk c8m5><§11.1nd XXIII such by treatment with, for example,

potassium permanganate followed by silylation with a tri(lower alkyl)
silyl chloride gives the azetidinone of the formula

XXIV)

Ri1

——"‘ COzH

/—N—P;
o]

The azetidinone of formula XXIV is then reacted in the same
manner as the azetidinone of formula VII described above to give the
desired compounds of formula II.

10 The compounds of formula II wherein R1; and R; are both alkyl can
be prepared by treating the azetidinone of the formula

XXV)

Ri1

_1_&

/—N~P;
O/

wherein R; and Ri; are both alkyl in the same manner as the azetidinone
15 of formula VII described above. The dialkyl substituted azetidinones of
formula XXV are known in the art, for example, see U.S. Patent 4,775,670.
The compounds of formula IV and VI wherein R: or Risis
-(CH2)2-aryl can be prepared by reacting an N-protected guanidine of the

formula

20 XXVD)
N-P;
P1— N=—C=NH— (CHjp) g~ CHz—CO,CH;
X

with an N-protected compound of the formula



34 15 Novenber 2002 Renoval of the Pl protecting groups such as by
treatnment with trifluoroacetic acid when Pi is tert-butoxycarbonyl gives
the trifluoroacetic acid amne salt of the formula CO2 Z HOOC- CF3 H2N-(
CH2 ) g N~ OXi 5 Treatnent of the trifluoroacetic acid am ne salt of
formula LI with the appropriate al dehyde in the presence of a reducing
agent such as triacetoxy borohydride29r sodi um cyanobpy Ryémibee2002es t he
conpound of the formula 10 C02 Z R2;,-N.=~tCH~; ~ N~ p X1 The conpound of
formula LIl is reacted with the diprotected guanyl ati ng agent of formula
XI'l to give th@ﬁgidi none of the formula ~~ Pr C2 ZPi ING ~ ( CH2)
~HNX 15 0 | of the P1 and Z protecting groups gives the desired
conpounds of formula |. The azetpfdingaecgonpeunes. of-,fornula | to VI and
various internediates and starting materials enployed in their synthesis
contai n 20 one vilieren® Pasy trimethylsital inothe e sehedod flthbemodyistipropylgniidsitbi ons
3 and 4 35 15 Novenber 2002 3 2 1 N O O course, the conpounds of formula
|1 where Ri angiw thexazetidiposenbthenfermivda conpounds of fornmula VI where R a
i s hydrogen comnly one 5 asymmetric ring carbon. Additional
asymmetric Rar y be present in the conpounds of formula | to VI
dependi ng upon the definitionsyefp, the substituents R, A, Xi, X2, R13, Xs
and Ri.s. As is well known in fjhe"art, see for exanple J. March. Advanced
Organi c Chenistry, Fourt tp;Edi+Ccoms—3 otuy ) \ji--& =devar¥ark, N' (1991))
pages 94-164, such asymetrilk 10 carbon atong giﬁe rise to enantioners and
di asLereoners, and all such ¥tereoisoners, eglthggin pure formor in the
formof mxtures, are included within the $1,(ope of this invention. In
addi ti on, when al kenes are present in the conpounds of fornula | to VI,
they may) when appropriately substituted exist as cis or traps isoners, or

as mxtures then eOfThéA\ ggelztri]dingrlula of formula XXVIII is then reacted with an acid
o ‘—- (CH2)m
. il
chloride selected from h) Cl— C——N _IJ ,
Cl— C—R5 , Rg
0]
o (CHa) I / \I
i f y Ci-C— l e
Cl—C—N '
P
CH
10 K (CHZ)-w/ , (cHaIn B3
8]

I Il
Cl—C~—CH;—0—Ryp Cl— C—NE—S03—R~

i

PP kR ]
Cl—-C—=N-—A;=—N-—C—R4 , Cl—-—C-—alkyl-SOZ—Pq’

0 O Ry Rg O
01 {7

1
Cl—C—aryl——S0;—R, , Cl-C~N—Ar—N—C~—0ORy ,
or C1—502-R7 or with OCN—502=R7 ¢4, give, following the reduction of the
15 alkene group and removal of the P, protecting groups, the desired
compounds of formulas IV and VI
Compounds of formula II, IV, and VI can also be prepared by

reacting the acid chloride of the formuta



15 such forns are within the scope of this invention. The conpounds of
formula | to VI can be obtained as a pharnaceutically acceptable salt, as a
physi ol ogi cal |y hydrol yzabl e ester, or as a solvate. The conpounds of
formulas | to I~%and VF wherein R i or Ria is carboxy can exist in the
farmof an inner salt or zwitterion. Al such 20 forns are within the scope
of this invention. Pharnaceutically afteptable salts IBO\ SHsmBar dGo th

m neral acids such as hydrochloric, hydrobrom c, phosphoric and sulfuric as
well as salts with organic carboxylic acids or sulfonic acids such as
acetic, trifluoroacetic) citric) malefic, oxalic, succinic, benzoic,
tartaric, fu@XIXp) nandelic, ascorbic, malic, nethanesul fonic, p 25
toluensul fonic and the like. Preparation of these acid addition salts is
carried out by conventional techniques. 367 15 Novenber 2002 The novel
conpounds of formulas | to V andcﬁpg%%gnrqg_é§_6{ formul a VI possess
tryptase inhibition activity. This acti¢ify was confirmed using either

i sol at ed hunge LN i n tryptase; prepared from
t he human r%&éﬁﬁgﬁiﬁ%@%@grcgﬁp)r?gﬁgrsgg%gg%&&g@ed by bacul ovirus in insect
cells. The egpressed beta-protryptase was purified using sequential
i mobi li zed heparin affinity resin followed by an i maunoaffinity col um
usi ng an anti-tryptase nonocl onoal anti body. ihe protryptase was activated
by auto-catal ytic renoval of _the N} 0 nalin_t esence of dextran
sul fate fol |l owed by di pepti dI;'/IFel e | (E%g?@&%ermval of the two
N-ternind? amino acids to give the mature active enzyne (Sakai et al., J.
cain 1vest. inthd proi@fies ofBlse tofve thYA0driahRARNMAL AN val ent Tesults
wer a obtained using Isolated native enzynme or the activated expressed
enzynme. The XXXIase enzyne was nai ntained in 2M sodi um chloride, 10 nNI
4- nor phol i nepropanesul fonic 15 acid, p H 6.8. The assay procedure enpl oyed
a 9f well nicroplate. To each well of the BRecroplate (Nunc Maxi Sorp}, 250
~.1 of assay buffer (contatmkngcﬂggkn@¢ covekght heparin and tris

ded

(hydr oxynet hyl ) am nonet hane] was a folJowed by 2.0 ~, 1 of the test
conpound i n dinethyl sul foxi de. The 29@;ubs rate (10 ~tl) was then added to

each well to give a final concentratigh of &l r 370 p. M
benzoyl -argi ni ne-p-nitroaniline (BAPNA) or 1 NI )
benzyi oxycar bonyl - gl yci ne- prol i ne-argini ne p-? oani | i ne

(CBz-A y-ProArg-pNA). Simlar data was obtained uéfig either substrate. The

m cropl ate m%§ t hen sg? en on a platformvortex mxer at_ a setting of 800
25 (Sarstedt ‘regiment of the azetidipgne of formuda AL watdh an@giia s aso ~. 1. of
the workiRg stock solution trypt.ase (F.1 mMfinal tryptase concentration
for use %\nat h%g a&%&%wz?s%bleﬁ%?@%o% th CBz-d y-Pro-Arg-pNA) was added
to each wel |l .xXxgnm cropl ate was vortexed again for one minute and then

i ncubat ed wi thout shaking at roomtenperature for an additional 2 15
Novenber 2002 minutes. After this time theRaicroplate was read on a

m cropl ate reader (Ml ecul gf. ; i ki neti ¢ node (405 nm
wavel engt h) over twenty niﬁ%{ggﬁggg?oo te é$§$%$e. To determ ne the
conpound concentration that inhibited pf the enzyme activity (I1Cso),
the fraction 5 of control activity (FEA) wa | otted as a function of the

i nhi bitor concentration (1) and curve to fit (1 + (~]11Cso). The ICso
for each conpound was determined 2 - 4 tines t he obtai ned val ues were
averaged. As a result of this tryptase activity, sconpounds of fornula I
to 10 VI as well as an inner salt thereof, a pharmaceutically acceptable
sal t ther eof , Treatmensiof the tempotnd of frermada XK lawitdl aeztoca mneordufn) nykrate
useful as antiinffanmmatory agepts particularly in _the treatnment of chronic
asthma and neRPTRES b lagéwgﬁnﬂ@appﬁ@dothepwévms AgeR i@k ni ti s,

ey . e . haAdl . tis
15 heumito, darrd i ASG0e B3EhRAT RS 1o SAHEbRE O I BltR oo bRhThbYS
j oi nt di seaseg gigk tHe Y88F6§ cOmpodnds of firiddlag 1,485 indcvi.on.  Additional Iy,
t hese conpounds may be useful in treating or preventing nyocardi al

infarction, stroke) angina and other consequences of/aﬁ ebscl erotic plaque
rupture. Additionally, these conpounds may be usefuy’forMreating or
preventing 20 di abetic retinopathy, tunor growth and tXer consequences of
angi ogenosi s. Addi TherahipoundeesforteriadurBsreyise uset ul (§Bx) [T eating or
preventing fibrotic conditions) for exanple, fibrosis, scleroderng,

pul monary fibrosis, liver cirrhosis) nyocardial fibrosis, neurofibroms and
hypertrophi ¢ scars. 25 The conpounds of forrmula | to VI are also inhibitors
of Factor Xa and/or Factor Vlla. As a result, the conpounds of formula | to
VI as well as an inner salt or a pharnaceutically acceptable salt thereof,

o [T D 1 I o o M Y s I 1 o, M o ' Y 4




38 15 Novenber 2002 artery and cerebrovascul ar di sease which include the
formation andl or rupture of atherosclerotic plaques, venous or arterial

t hronbosi s, coagul ati on syndrones) ischem a and angi na (stable and

unstabl e), deep vein thronbosis (DVT), dissem nated intravascul ar

coag~ul opat hy, 5 Kasacach-Merritt syndrome, pul nonary enbolism myocardi al
infarction, cerebral infarction, cer@dral thronbosis, §£a¥eaideri2doleni c
attacks, atriala fibrillation, cerebral enbolism thronmboenbolic
conplications of surgery (such as hip or knee replacenent, introduction of
artificial heart valves and endarterectony) and peripheral arterial

occul sion and may al so 1Q be useful_ in treating or preventing nyocardi al
infarction, <% prwdéyaﬁacté%éhe é@‘ﬁﬁéﬁ%éﬁg e frmulaer oscl eroti ¢ pl aque
rupture. The unds of formula | to ~'| possessing Factor ~a and/or
Factor Vila i on activity may al so be useful as inhibitors of blood
coagul ation such as during the preparatiom) . storage and fractionation of
whol e bl ood. 15 The conpounds of for a‘}d to VI are also inhibitors of

ur oki nase type pl asmi nogen acti vatior: result, the conpounds of formula
| to VI as well as an inner salt or a\%(@gﬂﬁ-ﬁ,pally acceptabl e salt
thereof, a hydrol yzable ester thereof, or a solvate thereof may be useful
in the treat whdrein Lpisudedving gpdup satleasbramand iadewitistie, adetididene of
treatment _or 20 prevention_of mnyocardial infarction, stroke) angina and

ot her con8eqdermula ¥il atHe K&V arBXVdanthgpresensstaibase smaivedheal so be
useful in the treatnent, of | i gnanci es, prevention of netastases)
prevention ofaZﬁflng% eci{’%B i cations of cancer, and as an adjunct to
chenot herapy.(xgaﬁworrpounds of formulas I to V al so possess thronbin and 25
trypsin inhibitory’activity simlar to that reported by Han in the U.S.
patents noted previously for tpe(@bmaounds of formula VI. As a result, the
conpounds of formula | to p/lag’we as an inner salt or a pharmaceutically
acceptabl e salt thereof, a’hy IN(zabl e esRer thereof) or a solvate thereof

may be useful in treating or preveniCHay,pa tG@H in the treatnment or
"l ~s pa~n~ysqns-~-j ~~ t ~a~ pan~ysgns- ~~-j ~fixs |l ~~- ~- j~S.t~ | ~.z~0oaa~a~ t ~
pa~n~t ~sgns | ~f x~e apn~om sdnor ~ t ~uru~a~ &zqu\q{- al gE~nms 0~ ya , o~ z (
ZH~ ) --Opus EH- , Oo~ Z (zH)-~iL~lo~ & ( zj~~) ~ _o0a (z H ) - s8
gons ~u~ t~uaud ~ puE s~ao~n EH~ aaoiu ~o0 ~ut u~~uoo sdno~ se dam s~ ~w-a
, ~--F3 0~ (Rempwalofthe Buprotecting)grouy gmgyre_a'tmqnt ofl this-4zegiddmonte 4s ZH~ )

~--i~l " =~ 0z s(zH+)-0- ~ -4-5 oa N(zH)),z c~ 4 { ZH~ ). -=~i~- ~
) -1 0 - 105 _Jesgtibed sbgve furhis coatndnat friula e thadseiedapnt out
szaoEds aj W%é;@&ﬂﬂ%zaf Bragert ~AReThattyai!t gﬂ%gz?t@@glggsggoﬁﬁh XERTPYI

SZ~-~ ~m~m- o~ ~ag~ st zY to tg aaaqgn=-* ~ ~0 spunodu~oo

ac~~ u~i m uaagarffirstiiyfeattbwitharnasidaddsridé GoinbiideHi deddred IS 0erd0p0~3
pug nguzo~u~ ~utsd~.Xx~ ~ypnj om su~a~S~i S auuszua ~au~0 ~sum~~ ant-~o~e ssat
uonut aa~ ynydeprotadted camdithendrezted-withothe-glianFElatangagponoformalaXily
v~znyoE uoyt q~ as~~d~~ anyoqa-~as .ziau~ 0~ anp jn~asn osje aakE ~ o~ Z

s~I nruao~ ~o spunofitespapvely. the compoymgspidprgpla d Wherelrply -z~ puE
(CHo ) e
—N , R11s -(CHz)2-aryl and Rz and R3 are hydrogen can be
X i}
15 {CHz)

prepared by reacting a compound of the formula

XXXV)
(CHy) ¢

R

(CH,) ,— CH,— COOCH;
with the reagent of formula XXVII in the presence of lithium
20 diisopropylamine to give the azetidinone of the formula



"a~E~o~s " uoyEaEdaxd ag~ ~nmanp se qons uoy~p~~00 pooZq ~0 s~0~tQg~ sg jn~asn
aq osjg ~f~uc pub "anog~ paqgi ~osap s~ as~asi p a~j nos8noaga~ao puu ~xa-~re
~~U0Z00 Q~i Nnn pa~~NDSS~ S~uaha oyoquzozu~ ~0 uo~~uanaad ZOQZ aag~anoN g ~
6E 40 15 Novenber 2002 and aryl-As-heteroaryl, etc. These conpounds of
formulas | to IV as well as an inner salt, a pharmaceutically acceptable
salt thereof, a hydrolyzable ester t®8reof, or a sol vig RovbmbeoR002r e
useful as antiinflammatory agents particularly in the treatnment of chronic
asthma 5 and may al so be useful in treating or preventing allergic rhinitis
as well as sone of the other diseases described above for the non-selective
tryptase i nhi(RKKXWI3. It is believed that as a result of their selective
tryptase inhibition activity tq h t hese conpounds will have | ess tendency
to produce unwanted side-effeget 209 The conpounds of fornmula | to VI as
wel | as an inner salt orPg-Nar eutically acceptable salt thereof) a
hydr ol yzabl e ester thereof, o ol vate thereof nmy_be adm ni stered
orally) topically, rectally or pa(3ﬁ¥6ra y O n852%@'3 i ni stered by

i nhal ation into the bronchi ol es or nasal jpassages. The met hod of

adm nistration will, or course, vary upo NHie type of disease being
treated. The anount of active conpound &dmi nistered w -l al so vary
according to4 he t adm ni stration and the di se being.treated. An
o fective andtotmicE e By iRiartineayb A TeackBn T e §BE £uam At P Sbout 100
ngl kg, prefer, . y about 0.5
to about 25 r%%k% Cpe?)lé(tilgg Q?ﬁlgngﬁ%pea%%&%%?gﬂpgé ggfs}gegfog m %i stered at
appropri age i(MEE{WH} s throughout the day. The conposition used in these
therapies can be in a variety of fornms. These include, for exanple, solid)
sem -solid and |iquid dosagd-PorM€Hsuch as tablets, pills, powders) liquid
sol utions or suspensi Onigy—L ones) 25 injectable and infusible solutions.
Such conpositions can include pRargaceutically acceptable carriers,
preservatives, stabilizeps, and Ot hé€HAg REF6Halarylenpl oyed in the
pharmaceutical industry. Wen the conpounds| of formula | to VI as well as
an inner salt or a pharmaceutically accept It thereof, a hydrolyzable
ester thereof, or a 41 15 Novenber 2002¢Sol vate thereof are enployed to
treat asthma or allergic rhinitis they will preferably he fornul ated as
aerosol s. The ter nieadting bhe mtarmediase ah forgaulacinE Vil siienar acyhelleride t he
active conpound which is capable of being |j | )&nto t he bronchi ol es or
nasal passage. Aerosol fornulations 5 ©ncljude ja gas-borne suspensi on of
dropl ets of tsedectetlifvemconpond as Lroguce _Lﬂ a netered dose inhaler or
nebul i zex or in a m st SRLAVRL - Aerosol for 6Iations al so include a dry
powder conposition suspeirded in’air or other carrier gas. The sol utions of
t he active conpounds of fornulas | to VI %%gg to nmeke the aerosol

formulation will be in ggcgncentratu n of ab 0.1 to about 100
ngl m, nore prefgra 2Iv™o aboutii 30 | i, d nostl prefer ably from
about 1 to about W0 Ag/m . Ths sFintFonNy Il us Elly i clug% a

pharnaceuticaFFVWEEb ptablengffer such as_a phq;gzgr bi carbonate to
give a pH of from abo el 9, preferably (6850 Zaﬁf’and nore preferably
7.0 to 7.6. Preservativés Hd ot her agents can 15 be included according to
conventional phargaceutical practice §gher harpaceutically active agents
can be enployed ith conbination withjithg comp 6négaof formula | to VI
dependi ngygipofHME—TFeas®tReb ng Qlreatee-AFoN-exanRie, in the treatnent of
ast hma, (3adrenergic agonists sGch as albuterol, ter butaline. fornoterol,
fenoterol or 20 ppenaline can be inclgded as can anticholinergics such as
i pratropi um br nié@, ti-infle tory cortiocosteroids such as

becl omet hason&¥ T F afci o &e; i@F"I,uq:lr? T @Yo g9 aftt,hasone, and
anti-inflannatorxjaﬂents such_as cronolyn and nedocrom|. In addition to

t he novel conpoqusl%f foﬂﬁhlﬁs | to V and the 25 nethods of use for the
conmpounds of foIHTHRS~A,+N-C—iOR,;S i nvention is also directed to nove

i ntermedi ates and novel synthetic foutes enployed in the preparation of

such compounds, @1-efsoRY, ORMRNAGS,ith AN S0Pl a By'raARESh of ! 2
ereln:

alkene group and removal of the P; protecting groups gives the desired
15 compounds of formula L.



gis 3; R is carboxy, Oll -GCNR6 0 a or - C~"-'" ( s~stituted al kyl )

15 Novenber 2002 0 - CO -GN O 'C~2is ~~-CN ( CH) ~--N,--C_CRq.~
or 51 19 -wCGNwt CH ) 2-NNC"RQO0O0 11 Il Rc, is am nocarbonyl) - CG'~
( alkyl ) , oi. - &GN ( alkyl ) 2 gqis NR4, ~CA3-R , ~.~-CA-0--"R, 10

Il NCOA-R~- ~1~~-C-A3-CGCR; , or NC R~ in the definition of ~ and
R~ is al kyl, cycloal kyl, substituted28 kyl, substitut eg NoEnserkado or
heteroaryl; R7 is al kyl, cycloal kyl, substituted al kyI substituted
cycloal kyl) ~R9 Ra Nw -CH2 Nw aryl, -(CH2)i co 4"~ Yl~ -(CHz)~ co

a-aryl -As-aryl) R$ , or R~; W--N~ R5is amno, -~ ( alkyl ) , or -N(
alkyl ) a Rs is Iovver alkyl; As is a bond, an alkylene bridge of 1 to 6
carbons) 43 15 Aléemmasivelpbe compoundsf formula [ wherein fuds.  R21 ~r
-(Cr2) 40" (CR) gy

—N, can be prepared from the azetidinone of formula
X ) -
( CH2 ) u
XXXVII. According to this process, the ring nitrogen is protected by
treating the azetidinone of formula XXXVII with, for example, tert-
5 Dbutyldimethylsilyl chloride. Treating with ozone reduces the moiety

-—-CH=CH—© to an aldehyde which is then converted to a carboxylic

acid by Jones oxidation or by treating with sodium chlorite and sulfamic
acid. Removal of the silyl protecting group gives the azetidinone of the

formula

10 (XXXVIID

H (CHj) u"""—'l'— COCH

g/ NH
O/

Treatment of this azetidinone as described above for the azetidinone of
formula XIII gives the desired compounds of formula 1.

15 The following is a preferred route to the intermediate of formula
XII. According to this procedure, the silyl protected azetidinone of formula
VII is treated with the N-protected iodo compound of the formula
XXXIX)

Py
>\‘_ (CHZ ) q‘- I
Py

20 to give after removal of the silyl protecting group the azetidinone of the

formula



d and a are independently selected fromzero and an integer tom1l to 6; Rz~
I s hydrogen or |ower alkyl; and an inner salt or pharmaceutically 5
acceptabl e salt thereof. Also preferred are the conpounds of this invention

of formula | wherein .(CH) t - ///N:~~is ( CHZ) "_R2 and Rs are both
hydrogen; 10 R is a defined above; 0 -CN~Y Qg s ~s Wis ~--~, -CIl~- (
CH2 ) 2-~~----COR4 ; or -CN--(CH30z-1~~---C R~ Wiz Riokember R062and Rs

are as preferably defined above; t is two or three; I5 a is one; and an
inner salt or a pharnmaceutically acceptable salt thereof. Mst preferred
are the follgppng conpounds of formula IV including an inner salt or a

phar maceuti c y acceptable salt thereof: NH C02HO H~HC (CH3)3 0 20

44 15 Novenber 2002 N IH HZN-H®Yii,,,. CO2H N | ~hh~\ ONO
N\ COs
N—(CH3) q—-—T
e
Py
/—'—-NH
0/

which may be isolated as an amine salt such as the tert-butylamine salt.
The P; protecting groups are removed from the azetidinone of
5 formula XL and the resulting compound is reacted with the diprotected
guanylating agent of formula XII to give the intermediate of formula XIII
which again may be isolated as an amine salt such as the tert-butylamine
salt.
The iodo compound of formula XXXIX can be prepared by reacting

10 the diprotected amine of the formula

XLI)

Py
N

/NH

P

with the alkyldihalide of formula VIII to give the chloro compound of the

formula
15 XLID)
Py
S (CHa) g=C1
/
Py

The chloro compound of formula XLI] is then treated with sodium iodide in
the presence of base to give the iodo compound of formula XXXIX.
The following alternate procedure can also be employed to prepare
20 the compounds of formulas IV and VI.
The azetidinone of formula IX is reacted with benzylchloroformate
in the presence of triethylamine and dimethylaminopyridine to give the
benzyl ester of the formula



O I Il ZN~H~/i~~., CGN-./ CNHz | O~C NN ~- 0- CH CH( CH3) z ~t
Ul O0 CHCH3)z 0 HZN-N~'~~~ CHO NI~- ~C O CH CH( CH3) O CUI O
CH(CH) zO0OGCG'" ~-N O~2 H2HHI ~-1 NO~C~N-\ Nand O NH C02 H H2
NH NNIgC- ( CHz ) 0 0O 45 15 Novenber 2002 Al so nost preferred are the
foll owi ng conpounds of forrmula | including an inner salt or

phar meceutical |y acceptable salt theddtof: ~i~,, CO2H 19NMeMDEC2002H CH
(CH3 ) 2 0~~CH( CH3) 2 and COZH i~ N--~ (CH2) s NHz 0 O The foll ow ng
conmpounds of formula IV including an inner salt or a 1 pharmaceutically
accept abl e s@Lillhhereof are also preferred: N 'H H2N~H ~/y,,, C02H O 0 O 11

CO CH- CH( CH3 ) 2
COy,-CH
Cl"‘(CHz)q""———r 2 2_@

——N-P5
&

Treatment of the chloro compound of formula XLIII with sodium iodide

gives the iodo compound of the formula

5 (XLIV)
CO;—CH
I~ (CHy)q 2 2—@

/F——N—P;;

The iodo compound of formula XLIV is reacted with the diprotected
guanidine of the formula
10 (XLV)
o
Pl—-l\I_II'- C—NH

to give the azetidinone compound of the formula

&XLVD
N—P-
- COZ-CHZ—@
HoN—C—N—(CHz ) ¢

/——-—- N-P;

15 Removal of the silyl protecting group P3 from the azetidinone of
formula XLVI for example by reacting with ammonium fluoride gives the

azetidinone compound of the formula



NH Fi 2N-N~~~,, CO2ZHH ~/~ Oc¢'" ~- C_ n ON-~N' NH 46 15 Novenber 2002

Nl"H H2N~Ny,,. CozgHH O /"1 1l O~ C ~- G CH2-N[ CH( CH3) 2] 21 1 O
NHH N-N~~"~CZHZ HOO Il Il ONNC NN CGC G N CH CHiIi CH3) 2 p ~
HCH( CH3 ) 2 NH HZN-N~/i,, CO2HOHO~ N (,CHz ) z - NO" Ci CH3) 3
O~3 CHB NHHMN - N~~~~~ 002H 2 HCH3 CH3 CH3 ON~ ~ | ~ cH3 ~~ N ( CH )
2-N- C~3 OCH3 NIITH H2N~H ~/ 4, COzB2 O O N~ C V HEN&¥embet2@EZ  CH (
CH3 ) OCHz- CH( CH3 ) 2 1~ 47 15 Novenber 2002 N'H H2N~-H ~''. C02H CH
O3CHB0OCOCHSE NHHMN- N~~~"" 002ZH2 n 0 0 I3~ C ~NC CH2- 0-; H CH(
CH3 ) 20CHc CH3 ) 2 ; ana
XLVIID)
©
i CO;—CH2
HoN—C— Il\T— (CH;) q—'_—T
P, y N
O/

Reacting the intermediate of formula XLVII with an acid chloride

(CHz)
% l'_:] 2/m

S . R
gselected from C1—C—R7 R¢
(CHy), _-B1
0
((Cﬁzhﬁ 1/ N
] y Ci-C— N | ] Rg
Cl—C— N .
B
N\ / (CHy)n =72
I PP B9
Cl—C—CH;—0—Rip  CI~C~N-—a;—N—C=—Ry

I
Cl—C—alkyl~S0;—Ry , Cl=C—aryl—5s0,—Rs ’
O Ry Rg O
| 7 i
Cl~C=N—2,~N—C—0ORy , Cl- C—NH-S0O;—~R;

or C1—S02-R7 or reacting with ON5027R7 giyes the compound of the
10 formula

XLVIID)

P

%

N—P;
il CO»—CH3
Hy— C— N (CHa) q————T
X

1

Removal of the benzyl protecting group and the P; N-protecting
groups from the azetidinone of formula XLVIII gives the desired
15 compounds of formulas IV and VI.



0 HON N~~~'' CNHCH2 CNH2 H~ 00 ~C ~- G- O ICFi- CH( CH3 ) 2

'p CH( CH3 ) 2 The following exanples are illustrative of the invention.
4% 15 Novenber 2002 Exanmple 1 N t HCF3COOH H2N~H~i,,,. COzH I (honochiral)
~N\ ~0 O5 a) lii.... CO2H N3 NH O n-Butyl lithiumin hexanes (2.5 M 36.6

m, 91.5 mmol) was added dropwi se over 5 mnutes to a solution of

di i sopropylamne (13.5 ni, 95.9 10 n33l) in dry tetr gawdsairpen2qe® n)
under nitrogen at -?8C with nmechanical stirring. After warm ng to 0C and
stirring for 30 mnutes, the solution was cooled to -78C and
(4S)-N-(t-butyl di methylsilyl)-azetidi ne2-one- 4-car-bq~x+l-i(@H?p'.d- (10 g, 43.6
nmmol) [Baldw n et al) Tetrahedron, Vol. 46, p. 4733-34748, 1990] was added
in asingle portigpn. After stirring the 15 reaction i xture - gel atinous
suspensi on at -78%%@&0“‘? péformya IvbgreimA1 das wetdred to - 200@0iks - 10C
and stirred at this.tenmpes.a for. .30 m put es.. leLChl.or 0- 3-.i gdqpr opane (5.7
m, 53.0 mmsfewgaab&'dre “ §§h§iaﬁ§{lgm§8Pt°?g?fné‘ﬂ}&]}gﬁgm?égﬁqkdﬂl s stirred
at -20C for BrARHe orI6diak o SiInSMSRPD 8 Sivedhd 3RRAAID AN HeTBrAdE ti on of
1-chl oro- 3-i odopropane). The 20 reaction mxture was then poured 1nto 1N
HCl saturat e@LlX)h sodi umchloride (300 mM) and the aqueous phase was
extracted with ethyl acetateslgl x 150 m) which was then washed twice with
saturated 1IN HC . The aqueou kayers wer e t hen gyt g act ed twice) in order,
with ethyl acetate (2 x 150 rri).@@:}gzgrrhj_nad%drgéni cs were then extracted
twice with pH 7.5-8 49 15 No¥enber 2002 watdr (2 x 100 m) adjusted by
the dropw se addition of 25%p5odi um hydroxj de)!,  The conbi ned basic aqueous
| ayers were then washed with ethyl acetaté (2”;3{150 m ). The basi c aqueous
| ayers we? e then acidified with concentrdted HO to pH 3, saturated with
sodi um chl ori de ( Foldetbhgdhd iArd¥idasteast MhilLXNTK e Rl £if 2hlori®d M),
dried over sodiumsulfate, filtered and concentrated. Evaporative drying
with toluene then gave CO2H lir, ... Cy 0 EHrude yellow oil. TLC
(silica gel, séf@c@&fﬂo acidain ethyl agcet tell Rr = 0.1, streaks. 10

Tet r abut yl amoni um 1 odi de (.5 g) -86&TmBt)—and + et r abut yl anmoni um azi de
(15 g, 52.7 mol) were &de@~t® a solution ™ the crude chloride from above
(less than 43.6 nmol) in dry dinethylformam de (40 nl) under nitrogen.
After stirring the reaction m xtureaat rotGHzbenp ure for 72 hours, the
majority of the 15 di Hyl-Lor man dg was/ rendwed un vacuum The product
was extracted inﬁo e(ﬁf/él acelat ec{1sQ qy) whic Lwas &gW t h 1N HC
saturated wi tdp-spdym chloride (3 x 150 i). T aqueoEEs | ayers were
extracted, in order)%yj[th ethyl acetate (2% m Y7 “he conbi ned organics
i

were then extracted EHaH.?.5 - 8 water (22x 10083, adjusted by the

-

O )
I 7

Cl—=C~—CHp=0—Rip  Cl—C—NH—S0;~R-

’

O Ry Rg O
o (I 1]
10 CIC-N—2;—N—C—R; Cl—C-—alkyl=SO;—Rj

i Pl Ff
Cl=—C—aryl—S0,—Ry Cl=C~N-—A;—N-—C—OR; ¢y C1—S02-R7 o

reacting with OCN—S027Rs giyes the compound of the formula

@)
Py
\\ CO,Z
/N_ ( CH2 ) q——r
P J_N\



20 dropwi se addition of 25% sodi um hydroxi de). The conbi ned basi c aqueous

| ayers were then washed with ethyl acetate (3 x 150 m). The basic agueous
| ayers were then acidified with concentrated HC to pH 3) saturated with
sodium chloride (solid) and extracted with ethyl acetate, dried over sodium
sulfate, filtered and concentrated. Evaporative drying 25 with tol uene gave
the desired azide as a yell ow brown 3$%bam (6.56 g, 3315 Now@mberiRA02(silica
gel, 1% acetic acid in ethyl acetate) Rf = 0.1 50 15 Novenber 2002 b) 0 o
~H2- ~-. ~~- NOQZ2H Il Cgz- O~ C_HHNHOAcetic acid (4 mM, 66 mol)
was added to a solution of the azide fromstep (a) (6.5 g, 32.8 mmol) in

di met hyl f or mam de . g ! +61.3 g).
Hydr ogen was bubblﬂéeég?‘{?rl)gggﬁéFﬁ\eﬁﬁrggegg?%o%gﬁg?hué%g% g?tgga%ﬁqgls&and t hen
the reacti on twdliosdadetiechcidh dehien B disagarbutekyarbonylsgivéd the tfifasicetct he

m xture with nitrogen for 25 minutes, triethylamne (15 nl) 108 mmol) and
N. N ~ - bi s( beaczd ponpe saorfithe foymaty/| pyrazole (15 g, 39.7 mol) [Wu et

al ., Synthetig¢c_10 Communi cations, 23(21), p. 3055 - 3060, (1993)] were
added. The r ion was then stirred at roomtenperature for 18 hours. The
reaction mxture was then filtered through Celite whipgh was then washed
with ethyl acetate. Sol venbec\‘\ngom.‘md-u-ep@{yr}d-e uum and the resulting
resi due was dissolved in ethyl acetate (150 nm{ and washed with 1N HCO 15
saturated with sodiumchloride (3 x 150 m). T,hg_ﬁﬂjeous washes were
extracted, in order) with ethyl acetate (2 x 400 X, The conbi ned organics
were then“extracted with pH 7.5 - 8 water (2 X 150 m, adjusted by the
dropwi se addi ti on Dfeatim¥ns of thertHfldomacot} acilnembnnbaloof sl Bliwets

| ayers were then washed with ethyl acetate (3 x 150 nml) to renpve excess 20
N, N ~ - bi s( beteyapproprirtroaldehyde gushy bpesence of & reducing ggendsuth a¥he basic
aqueous | ayers, were then aci.dified wth concentrated HOJ to pH 3, saturated
with sodi um cHiaseIRy Rogehyﬁsl,ge@hspémayw%r&ﬁl 2 BeRthe COmponDd 9f )
dried over sotg’ig\tﬁmréglhéate, filtered and concentrated. Evaporative drying

wi th tol uene S ight brown foam Purification by flash 25

chr omat ogrgaph silicagel) 1 - 3%acetic acid in ethyl acetate) gave the
51 15 Novenber 2002 desired product {8.5 g, 1?.6 nmmol) as an off white
solid. TLC (silica gel, 1% acetic_acid in ethyl evate) Rf = 0.2. c) CH2-
O C Q02-CH2 | ~Cx2-~C H H BB S a gt 'wmpr caf bonate (1.5 g, 1?.9 mmol)
, tetrabutyl amoni umiodi de (200 ng) 0.54 ) jand lastly benzyl brom de
{2.5 mM) 21.0 mol) were added to a solutio ¥be product from step (b)
(1.7 g, 3.52 mol) in dinmethylformam de (2@ m) unter nitrogen at room

t t . Th ti 1 xt i d . t g t f 48

nour 5. 10 Di et nyl TBF FEMPALNCEY FPRB AL IR AERCtE itint A APRSHEL i t | ng
s m i ._ Bul ting

Cat ur at el aqubate EERFReRr CLFpR R A AP OB Il 0

dried over ma iumsulfate) filtered and reduced to | eave a brown oil.
Purification by flash chromatogrz%ﬁgy (silica gel, 0 - 10/ nmethanol in 15
i Si

met hyl ene chl ori de) provided the red product (1.@4,23. 2 mmol) as a
yellow oil. d) S, (CHy )= l/ 02

H

Rap //lr—N\
15 0 X1

Removal of the P; and Z protecting groups gives the desired
compounds of formula L.

The azetidinone compounds of formula I to VI and various
intermediates and starting materials employed in their synthesis contain

20 one or two asymmetric carbons as denoted below at ring positions 3 and 4



0 CHZ- O!CGN ~lIn~.. Q2-CH2~ CH2- O CNNNNO~H""0 52 15 Novenber
2002 Sodium bis(trinethylsilyl)amde (1.0 Min tetrahydrofuran, 100 ul) 0.1
nmol ) was added to a solution of the product fromstep (c) (46 ng, 0.08
mmol) in dry tetrahydrofuran (1.0 m) under nitrogen at -78C. The reaction
m xture was stirred at -?8C for 10 m nutes and then at -20C for 5 10
mnutes. After cooling the reaction 8xture to -?8C, {8enayemben2ghat e (100
~ 1, 0.78 nmol) was added in a single portion. The reaction m xture was
stirred at -78C for 5 mnutes and then at -20C for 15 mnutes. 1N HO (1

m ) was added followed i nmediately by ethyl acetate (3 ml). The resulting
bi phasi ¢ solution was stirred vi gorou ile warmng to roam 10
tenperature. The organi c phase was separated and washed once with saturated
aqueous sodi um bi carbonate. dried ovef 2naghesi um sulfate, filtered and
concentrated to |l eave a light 3rell residue. Purification by flash
chromat ography- (silica gel. 0-30%eth~r|l acetate in hexane) gave the
desired product (33 ng, 0.047 mml). |I5 e) CFgCOCH vy,,, COZH (honochiral ? -
O ~N\ ~0 Concentrated HO (4 ~1, 0.048 nmmol) was added to a sol ution of

t he product Ofeousteephd comp@GEndsyof Brivila ihwhré R dnd®uieré thekamealddwed by
10% pal | adi um on carbon catal yst (15 ng). Hydrogen gas was bubbled 20

t hrough the fheeempaundseffosmuda VI where B is hadeqgepccontainonlgiongadded and

the reaction was stirred under hégro en.for an additlbonal 1 hour. The

reaction ni xPAVEREHICABE CAFRG 284 GRYBIRSHLC GRHACORS FRRY PR RS hed

Ceh th . . : 1 .
Whi te povder 5 pf BimBoptiEs B foril3a TNTIEeBHNAP kpditn: WORHlAIASE 0, .00,
water, trifl 4ghatRhite RRCAIXPRIVRACH; ahl®,,! Wanbivhd1ZRh6WA ih RBe arDZed S
Novenber 2002 desired product (8.2 ng, 0.019 mnol). IR (film 1773 cm1;
MS 348.0 (MrEdrexaddpled].(Whteh. Advemepd Orgasic-Cndfissoy] FanMthEditiofd2oh | H N
( honochiral V%’.lo Qa) OCH2- O S%N O~ COz-CH2 t:. | ~CH2A~~~-H H~In., ..
~ . 1-- 1 Q NW¥ley & Boms,.ewu¥arky &FY £:9913pages H4-h64 aSuch asympmetsc 0.5

~nmol added to . ) ) i
) Wilﬁ cazebon atoms give rise to enantiomers and diastereomers, and all such

stereoisomers, either in pure form or in the form of mixtures, are included

within the scope of this invention. In addition, when alkenes are present in

the compounds of formula I to VI, they may, when appropriately

substituted exist as cis or trans isomers, or as mixtures thereof. Again, all
15  such forms are within the scope of this invention.

The compounds of formula I to VI can be obtained as a
pharmaceutically acceptable salt. as a physiologically hydrolyzable ester,
or as a solvate. The compounds of formulas I to IV and VI wherein R or
Ri4 is carboxy can exist in the form of an inner salt or zwitterion. All such

20 forms are within the scope of this invention. Pharmaceutically acceptable
salts include salts with mineral acids such as hydrochloric, hydrobromic,
phosphoric and sulfuric as well as salts with organic carboxylic acids or
sulfonic acids such as acetic, trifluoroacetic, citric, maleic, oxalic, succinic,
benzoic, tartaric, fumaric, mandelic, ascorbic, malic, methanesulfonic, p-

25 toluensulfonic and the like. Preparation of these acid addition salts is

carried out by conventional techniques.



10 a solution of the product from Exanple 1(c) (92 ng, 0.161 mmol) in dry
tetrayhydrofuran (1.5 m) under nitrogen at roomtenperature. After
stirring the reaction m xture for 10 m nutes, c~rclohexyl isocyanate (100
ltl, 0.78 mmol) was added in a single portion. The reaction m xture was
stirred at roomtenperature for 30 m nutes. The reaction was then slowy 15
poured over ice cold 1IN HJ (2.5 m)36The resulting sg Nbiemberg0@Xt r act ed
with ethyl acetate. The organi c phase was washed twice with saturated
aqueous sodi um bi carbonate and once with brine. The organic |ayer was dried
over sodi um sul f aflhe hoveleorgpoands of foratlaatlad. V Andithe camiponniy of | ash

chr onmat ograpr}y (s) 'fﬁa gel, 0-10% net{hanol in, net %_ene chloride) 20

provi ded t he feraBR}a rﬂ%ﬂ%ﬁ?ttr@?mli@nrﬁ%}vﬂy BASLVIG\NEAS + 696. 4

horotni ral ) CREDREENAAE S BRE IS TRy S Wrypiere GARCRRREAES o |
| uti f . ' ' 2 m
7ol Iowed by TO0RE TPt LiePae S The Wimdysecbmitindls betdofiupptage (2 ™)

through the rexpeddsed by biduleviras id IngdchebBS. ThHaleiprésbe@betapsotdggR@eand the
reaction was stirred under hydrogen for an additional 45 m nutes. The

reacti on mi xtwaspurifiednesingisequertial immopilizzel heparhiatfinin sesindollowseded
with 10 three portions of, water. The conbi ned el uent was | i/ophi lized to
give white p ImERnea Rty ol pRD BRBgATENtIETIPIAs MARRsionoabhase,

R A ey
292 (10 N stmbratil g i ol g onS Sagogh 2)) 1

N HH~ HON) pditididsell (DFRY)Irewiovd] bhehdiwe dltirenidfal ExAHP heids(td)givd/the
substituting 4 biphenylisocyanate for the benzyl isocyanate, the desired

product was Smeturei agiave ¢emypie ($akdizr@lceh ClinvBvas®s.of, pages 98§ - 9936G 2
(M H)-.

1996). Essentially equivalent results were obtained using isolated native

enzyme or the activated expressed enzyme. The tryptase enzyme was

maintained in 2M sodium chloride, 10 nM 4-morpholinepropanesulfonic
15 acid, pH 6.8.

The assay procedure employed a 96 well microplate. To each well of
the microplate (Nunc MaxiSorp), 250 ul of assay buffer [containing low
molecular weight heparin and tris (hydroxymethyl)aminomethane] was
added followed by 2.0 pl of the test compound in dimethylsulfoxide. The

20 substrate (10 pl) was then added to each well to give a final concentration

of either 370 uM benzoyl-arginine-p-nitroaniline (BAPNA) or 100 pM
benzyloxycarbonyl-glycine-proline-arginine-p-nitroaniline (CBz-Gly-Pro-
Arg-pNA). Similar data was obtained using either substrate. The
microplate was then shaken on a platform vortex mixer at a setting of 800
25 (Sarstedt TPM-2). After a total of three minutes incubation, 10 pl of the
working stock solution of tryptase (6.1 mM final tryptase concentration for
use with BAPNA or 0.74 nM for use with CBz-Gly-Pro-Arg-pNA) was
added to each well. The microplate was vortexed again for one minute and

then incubated without shaking at room temperature for an additional 2



b) N "HHCL Fi ~N~H~~~"~ CO2H H o ~Ni | (honochiral) i~ Concentrated HCL (10O
~1, 0.12 mmpl) was added to a solution of the 10 product fromstep (a) (30
ng. 0.039 mmol) in dioxane (4 m) followed by 10% pal | adi um on car bon
catalyst (30 ng). H was bubbled through the reaction m xture for 5 m nutes
and then the reaction m xture was stirred under hydrogen gas for 1.5 hours.
The reaction mixture was then filter8d through CelitegRbedmbes2002n washed
with two portions of water and 15 one portion of dioxane. The conbi ned

el uent was |yophilized to give the desired product (1G 3 ng, 0.036 nmol).

IR (fil | 769 ~ nb 2002
Ecanpl e & NI | B %Xﬁm&é%ﬁhe PP R ARG P A CIORIAIG TORBET | owi ng
benzyl | Socy anaPISEERIEDEvibe B XY B3 ik sHp Wil GUAAGE 0o el SATKRARYD 0% 11°

described in Ewanp} ﬁnﬁuﬁéseﬁ #o@in térh@eﬂﬁﬁté ello defducine WAS cobipandd. | R
(film 1775 cma: MS 362.1 (M+H)', 360.3 (MH _ . 10 Exanple 5 NI | HCF3COOH

H2N~ H~i,, . Co@tterttdtdom tiatrinhibited datf of the @Eﬁyxﬁelalctmtmgl(ﬁhh the deandiore of

Exanpl e 1 but substitutin trifluor rreth phenyl isoQ nate for the
benzyl i socyanf @HWOE%%W?HfFégP P‘fﬁﬁéﬂow gt R1°H|d’ db%éi’-ﬁ%é@rl n Exanple 1

step (©), Che geabiedidl 6ugh e BPREFEST 4 MALL) Mnd 165 Sffshin VS 4021

compound was determined 2 - 4 times and the obtained values were

averaged.
As a result of this tryptase activity, the compounds of formula I to
10 VI as well as an inner salt thereof, a pharmaceutically acceptable salt
thereof, a hydrolyzable ester thereof. or a solvate thereof, are useful as
antiinflammatory agents particularly in the treatment of chronic asthma
and may also be useful in treating or preventing allergic rhinitis,
inflammatory bowel disease, psoriasis, conjunctivitis, atopic dermatitis,
15 rheumatoid arthritis, osteoarthritis, and other chronic inflammatory joint
diseases, or diseases of joint cartilage destruction. Additionally, these
compounds may be useful in treating or preventing myocardial infarction,
stroke, angina and other consequences of atherosclerotic plaque rupture.
Additionally, these compounds may be useful for treating or preventing
20 diabertic retinopathy, tumor growth and other consequences of
angiogenosis. Additionally, these compounds may be useful for treating or
preventing fibrotic conditions, for example, fibrosis, scleroderma,
pulmonary fibrosis, liver cirrhosis, myocardial fibrosis, neurofibromas and
hypertrophic scars.
25 The compounds of formula I to VI are also inhibitors of Factor Xa
and/or Factor VIIa. As a result, the compounds of formula I to VI as well
as an inner salt or a pharmaceutically acceptable salt thereof, a
hydrolyzable ester thereof, or a solvate thereof may also be useful in the

treatment or prevention of thrombotic events associated with coronary



15 Novenber 2002 Exanple 6 NHHC1I H2N~H~i ~,,, CO02H (honochiral) H~N ~(O O
CH3 Foll owi ng the procedure of Exanple 1 but substituting (R )-a

met hyl benzyl isocyanate for the benzyl isocyanate in step (d) followed by 5
t he deprotection and the work-up described in Exanple 3 (b), the desired
product was obtained. IR (KBr) 1777 cm1: M 362.1 (MfrH)', 360.2 (1VI-1~" .
Exanple 7, 10 NHHC1 G ,, CO2H ( hom@&hiral ) 1 0 ~N +6(N&HInbai 2004 ng t he
procedure of Exanple 1 but substituting (S)-a nethyl benzyl isocyanate for
the benzyl isocyanate in step (d) followed by 15 the deprotection and

k- d bed th d d t bt d IR
?E‘Xéér) :’hf; HgFawsa S Brdppulas detrase mpe) mdluds ago“rﬁmieé’%%%ﬁ%oa -
anmpl e o ~N ~
\ 5mlgol | owi ng "the pr ocegure oefrOEx 1&7%1\?1?5 Mb&t&g&m [égéllf)henyl
i socyanate f orcoheelalewwndramaﬁahemxa aﬁa%gﬁﬂa (ét@'blé)é(\ﬁé unstabie), Heep

deprotection and work-up descri bed in Exanpl € 1(e), the desired product was
obt ai ned. | R (#éBn thictRbosiaXDVIVEibiémindted IntPavascilidr 2o fldpathy,
5 Kasacach-Merritt syndrome, pulmonary embolism, myocardial infarction,
cerebral infarction, cerebral thrombosis,transient ischemic attacks,
atriala fibrillation, cerebral embolism, thromboembolic complications of
surgery (such as hip or knee replacement, introduction of artificial heart
valves and endarterectomy) and peripheral arterial occulsion and may also
10  be useful in treating or preventing myocardial infarction, stroke, angina
and other consequences of atherosclerotic plague rupture. The compounds
of formula I to VI possessing Factor Xa and/or Factor VIla inhibtion
activity may also be useful as inhibitors of blood coagulation such as
during the preparation. storage and fractionation of whole blood.
15 The compounds of formula I to VI are also inhibitors of urokinase-
type plasminogen activator. As a result. the compounds of formula I to VI
as well as an inner salt or a pharmaceutically acceptable salt thereof, a
hydrolyzable ester thereof. or a solvate thereof may be useful in the
treatment or prevention of restenosis and aneurvsms, in the treatment or
20 prevention of myocardial infarction. stroke, angina and other consequences
of atherosclerotic plaque rupture, and may also be useful in the treatment
of malignancies, prevention of metastases, prevention of prothrombotic
complications of cancer, and as an adjunct to ckemotherapy.
The compounds of formulas I to V also possess thrombin and
25  trypsin inhibitory activity similar to that reported by Han in the U.S.
patents noted previously for the compounds of formula VI. As a result, the
compounds of formula I to V as well as an inner salt or a pharmaceutically
acceptable salt thereof, a hydrolyzable ester thereof, or a solvate thereof

may be useful in treating or preventing pancreatitis, in the treatment or



Exanmple 9 CF3COOH HZ ~~..) CQZH / (honochiral ) ~I 0 O CH3 Follow ng the
procedure of Exanple 1 but substituting (R -{-}-(1 15 naphthyl) et hyl

i socyanate for the benzyl isocyanate in step (d) foll owed by the
deprotection and work-up described in Exanple 1(e), the desired product was
obtained. IR (KBr) 1777 cm') M 412.3 (MtH)', 410.2 (M1~ . 59 15
Novenmber 2002 Exanple 10 NHCF3COOH H3&~ H ~/ ~~. . CQOZks (Ndvermyeriaoak ) H _
~I 0 CH3 Follow ng the procedure of Exanple 1 but substituting {S)-(+)-{1.
5 naphthyl)ethyl isocyanate for the benzyl isocyanate in step (d) followed
by the wor k- uprevestionisddhrombstiepvents @spjciated withi cozonguyoardery amd obt ai ned.

L etk it St et 4] e S5 Bl o

trans- 4- phenvl Gu ' mﬁi e . 28 ) was
added to a so@?gﬁﬁwﬁﬁgg%@éﬁgiﬁcl 0 3)% ;Hr‘\%%geér?%e Bie]pgég?%ﬁ%ﬁ"?mn

met hanol (15058 rattidRationt JfeEdle Plodggoom t enper ature fol | owed by the

porti onwi se addition of sodi um cyanoborohydride (1.85 g, 29.4 nmol). After

stirring the react Certain xxbompauats b formwapérallrarefaiso ddefud diue tottheir

met hanol was renoved under vacuumto |eave an oily residue. The residue was
di ssol ved i n seleetiveiypiasecintdbitivn gctoitn Thews eompeundsiwhiledsvimigwi t h | N
sodi um hydroxi de (2 x 100.n%%b.e. .The erlg:?ni C Ia%/e was separated, dried over
sodi um sul f at ROt TrERtage iphibitiar aRHVIY arempush laps achiveagapitathep) | d.

Purification QXz}ﬂag'sspstems including trypsin, thrombin and Factor Xa. For example,

this selective tryptase activity is seen with the compounds of formulas I to

I — 7

IV where X; or Xz is the group —C— N—C-—Ras5 and Rgs is a spacer

10
terminating in a lipophilic group. Suitable spacers include groups of 5 or

~—(CH2)5 o 10—
more atoms such as :

—C—(CH2) 4 to o -NH—(CHz2) 4 to 5

! ’

—(CH2)4 o 70—  =——O0—(CH2)3 o =0

i

-N—(CH32)4 to 7

-NF—(CH o
15 CH, ( 2)3 to £ . and

-N—(CH3)3 ¢o g—0—

' etc., as well as groups containing 3 or more
CH;

atoms and a phenyl ring such as —(CH2}3 ¢o ® <:> ,
-N—(CH3) 2 to 7"@'
~NH—(CH2) 2 vo 7—@—' l '

CHj and

—0—(CHz)2 o ™= O )
‘ ete.

20  Suitable lipophilic terminal groups include aryl, substituted aryl,
heteroaryl, aryl-As-aryl, aryl-As-substitued aryl, aryl-As-substituted aryl,



60 15 Novenber 2002 chromat ography (silica gel, 0 - 20% net hanol / met hyl ene
chloride) provided 3.46 g of traps-4-phenyl-cyclohexylamne as a white
solid. Phosgene (20%in toluene, 5 m) was added to a solution of traps-4
phenyl cycl ohexyl am ne (500 nmg, 2.85 mmol) in toluene (5 m) under 5
nitrogen at roomtenperature. The resulting solution was heated at 80C for
24 hours. Solvents were then renpved4éhder vacuum to {BaERemBPI2002r esi due.
This residue was dispersed in ether and filtered. The eluent was collected
and concentrated to give 379 ng of tr ans-4phenyl cycl ohexylisoc3ranate as a

light yellowoil. IR (filin) 22b9 cm'. 10b) CF3COOH H2N N~~''~ CO2H H |
g (honochi r aaid @rpl-Aaihetevioagyl, ktc. T besedeompadndscaiformuladlito Slas wieflut i ng
traps-4 phenyl cycl ohexy|i soc~~anate fox the ben~~l isocy anate in step (d)

fol l owed 15 B§abqjangssal a phasmacsyticaHy-acgeptable spkdbereobanpl e 1(e), the
desired prodyg S bt aj ned. | KBr). | 778, coml.; M5 41.6.2 (MrH) ") 414.4

(b Pt RasR o e ot S sbivptd Tneat aribbias 41 ) 1) H ot <1 o
N~N O 0 61 . be 4 NG Lo e (7.95
0 126,12 il Ak RERlory dgente baftodtinly jnvis trebime BTN AURRLY { fued
to a sol @i oAn8fmay 2l ienaxsfiug i ledtineder hhdenting?2l1¢FFd dhihitis®d wallads (125
m) and the m xtura was stirred at roomtenperature overnight. After 16

hours, the néomerad thestbemgdiseaseidéseribadiabavedopthe noneeatadtive trygasé N HC

and ethyl acetate. The aqueous |ayer was then_ hasified using 6N sodi um
hydr oxi de somk’l%bfr?r?o b4 elieyied t?létéﬁtar%?@wdow i 8elagtivegptase. The 10

organi ¢ phasg ¥&g¥8 Aty thit BhifCeorSpd ST O%E 10180 R¥abalFidnd
produce unwanted side-effects.

10 The compounds of formula I to VI as well as an inner salt or a
pharmaceutically acceptable salt thereof, a hydrolyzable ester thereof, or a
solvate thereof may be administered orally, topically. rectally or
parenterally or may be administered by inhalation into the bronchioles or
nasal passages. The method of administration will, or course, vary upon

15 the type of disease being treated. The amount of active compound
administered will also vary according to the method of administration and
the disease being treated. An effective amount will be within the dosage
range of about 0.1 to about 100 mg/kg, preferably about 0.2 to about 50
mg/kg and more preferably about 0.5 to about 25 mg/kg per day in a single

20 or multiple doses administered at appropriate intervals throughout the
day.

The composition used in these therapies can be in a variety of forms.
These include, for example, solid, semi-solid and liquid dosage forms such
as tablets, pills, powders, liquid solutions or suspensions, liposomes,

25 injectable and infusible solutions. Such compositions can include
pharmaceutically acceptable carriers, preservatives, stabilizers, and other
agents conventionally employed in the pharmaceutical industry.

When the compounds of formula I to VI as well as an inner saltor a

pharmaceutically acceptable salt thereof, a hydrolyzable ester thereof, or a



I concentrated to give 300 ng of HZN ~ ~ ~ ~ as a colorless oil. 0O M 199.2
(MtH) +. This am no conpound (300 ng, 1.51 mmol) ul toluene (2 M) was added
to a mxture of phosgene (3 m of a 20% phosgene in toluene 15 solution) in
toluene (2 m). The m xture was heated at 80C for 2 hours, followed by
stirring at 110C for 1 hour and stirring at 80C overnight. The m xture was
then evaporated in vacuo and the resftliue was suspendeglsinyvehitasr 200¢

filtered. The eluents were concentrated and co-evaporated with tol uene to
give the desired isocyanate as a brown oil (0.328 g). IR 20 (film 2263.5
cml b) 0O--CH2-O-1CG N O C2-CHz/~a., ~CH2. OGICHHHO ~00 62 15
Noverber 200p}vate theray bhréshiplo dﬁa’@ﬂ#ﬁ%a{ 59&11:&5%%'1&&16%1&& Wil 21
nmol ) was di ssolved in tetrahydrofuran (1.5 and cooled to 8C. Sodi um
bi s(tri met hyprefénablyabe fbrm{ilatdd at aefosdlid Tlhmltérmaaeméd]é?dnohdes&ny' gag-es and
the m xture was stirred at -78C for 1 hour. A solution of the 5 isocyanate
from step (orpe sysperdedphase ohtbe)active cemponydrohichds capable qﬁbemas added

mnut as. 1 ho a0 4BS BrenstiniEs thtias ﬁ’a%s%q'séi SO OERERASEE. sof uti on
(10,m) 309 Sehiach gt w@gﬁ  SlbehaRAE A Bpldsve 1. Hhhve ThERBLARNLE Phase was

washed wi'th brine ried ove | um condensed
to give a y PodWced in & bodtesd doddirHalGasd ﬂészérI@ah Lhisrageaphy (silica
gel, 0O - o et hyl acet at e/ hexane) gave the desired product as a pale

yel | ow oi I (A@rasg) forhﬁlﬁﬁénﬂa(skilmc}tﬂcfe a @PBp3wibkt compositidnRsydpened 17 76. 8
cm-l. 15 ¢) NHCF3CGOH HZN-N~~'' ~~ CO2H (hompchiral) HI1 0 =N 0 0 10%

Pal | adi um onaléam@herc%raqeyﬂ%( Thegelutiprs of the) agiive comerennds of fosmwlason of

Cont ot g 1hEPE 80 i Bl e Bt 50 R B b o BB el
Copeat ey vESRLASN t‘ﬂ‘l?&%5}1*3’32%2’55%%9‘?8%#%%&*1@%&% B Y or ated i n

uacuo to gi viigimbadrel wekt prefatdldy (Adn Mbbut Rubl for@tlioon ghi].r THe sdButdase
preparative HPLC (YMC ODS 30 x 250 nm) using the 25 sol vent system

descri bed i nwillaisphBy Ifcdhdegapharmactasicaly queephable buffer whch assol i d (26
mg). MB 440.2 (M + H)+, 438.3 (M- H) KBr) 1?73 63 15 Noverrber 2002
cm 1. Exanpl Bhasphatsonbisarbanate to give moﬁ% ABeRt p4p), preferakly 6.

to 7.8, and more preferably 7.0 to 7.6. Preservatives and other agents can

By =)

15 be included according to conventional pharmaceutical practice.
Other pharmaceutically active agents can be employed in
combination with the compounds of formula I to VI depending upon the

disease being treated. For example, in the treatment of asthma, B-

adrenergic agonists such as albuterol, terbutaline. formoterol. fenoterol or
20 prenaline can be included as can anticholinergics such as ipratropium
bromide, anti-inflammatory cortiocosteroids such as beclomethasone,
triamcinolone, flurisolide or dexamethasone, and anti-inflammatory
agents such as cromolyn and nedocromil. '
In addition to the novel compounds of formulas 1 to V and the
25 methods of use for the compounds of formulas I to VI, this invention is also
directed to novel intermediates and novel synthetic routes employed in the
preparation of such compounds.
Preferred compounds of this invention are those of formula IV

wherein:



a) 0il CH- O G NO I~ C02-CH2--0O ~cH2-0-~c-N H ' H O ~N O Sodi um
bis(trinmethylsilyl)amde (1.0 Min tetrahydrofuran, 106 ~t.l, 0.106 mmol)
was added to a solution of the benzyl ester product from 10 Exanple 1(c)
(57.9 ng) 0.101 nmmol) in dry tetrahydrofuran (2 m) under nitrogen at -78C.
The reaction mxture was stirred at -78C for 1 hour and then

1- benzyl - 2- phenet hyl isocyanate (35 Ag) 0.147 mmol) [ B5 MNeRtbar20descr i bed
by Anderson et al.) J. American Pharm Assoc., Vol. 41, p. 643-650 (1952)]
was added in a single portion. The reaction m xture was 15 stirred at -78C
for 20 m nutes. The reaction was quenched by the addition of potassium
bisulfate (3 mM) followed imediately by the addition of ethyl acetate (5
m ). The resulting _bisr%hasi c solution was stirred vigorously while warmnm ng
to room t enperat uldels sthe organi ¢ phase was separated, dried over sodium
sulfate, filtered and concentraped to 64 15 I}:Ipvenber 2002 |eave a bright

yel l ow residue. Purification bylfl Zsh\chromat odr aphy Xsilicangel/; O - 20%
ethyl acetate in hexane) gave_fﬁe ‘@"E{Spr'ﬁ CtN\( 54, @*WG‘WI). I R
(fil rr) 1776 cm 1; RBsgathaxy( MrH) ' 4 (MH _ 5 HcF3cooH ~~' ~.
CO2H 2 H (hormchldal) H.~N OO Concentrated HO (2U ~,~1. 0.24 rrrml) was
added to a solutijon of the product fromstep (a) (54. 8 ng, 0.068 mmol) in
di oxane (3 nlg. & ¥ied (sybsoivetedaadadilum on carbon catah~st (50 ng).

Hydr ogen gas was bubbl ed through the reaction mixture for 5 mnutes and
then the reaction mxturﬁwg&-s{lrred ugder hydro as for 1.3 hours. The
reaction m 3.rture was—i- filtxered ﬁh 6ugh Ceh'?%» ich was then washed

with two portions of di oxan thr—e@—po-n-t(cggsq.oil\m £erggr,The conbi ned
el uent vvas Iyophl}T 4%7ed 15 to gl ve' a white powder. Purifi ¢at Pon by
preperative HPLﬁE ﬁg everse p met hanol ) water trifluoroacetic acid)
provi ded after ph| I | zatl on e deS| red product (21 ng). IR (KBr) 1776
cm~; M 852. T ¢ . 65 15 Novenber 2002

0

]

! i
Rs is aminocarbonyl, ~C—NH(alkyl) 5. ~C-N{alkyl),

0 i

Y is N-Rq, N—C~—Aj3~—Ek-~ ’ N—C~—A3;-0—R7

7 P

N—C—O—A;—R7 N—C—2A;-C—R; o

i

N—C—N  N—Rqy
—/

10 ;
R in the definition of Y and X is alkyl, cvcloalkyl, substituted alkyl,
substituted cycloalkyl. or heteroaryl;
Rz is alkyl, cycloalkyl, substituted alkyl, substituted cycloalkyl,
-_— N/\R‘l -CHy— N/\R4
aryl, -(CHa)1 w 4-aryl, -(CH2): 1 4-arvl-Ag-aryl, Rs or Rs .
<
15 Rg 18 8MIN0, —yy(alkyl) op —N(alkyl),
Rs is lower alkyl;

Asis a bond, an alkylene bridge of 1 to 6 carbons,



Exanmpl e 14 NHCF3COCH (honochiral) H2ZN~H~i~''. CO2ZHH ~-NO OS5 a) 1-

Napht hvl nmet hvl i socvanate A sol ution of phosgene (20%in toluene. ~ m) was
diluted with toluene (10 m). A m xture of 1-naphthal enenet hyl am ne (500
~tl, 3.41 nmol). triethylamne (0.9~ m, 6.82 mml) in toluene (~ nl) was
added dropwi se. The reaction m xture was heated at reflex overnight. The 10
m Xxture was cooled to roomterrperatur4e'3 and the sol veny NRensra0ed. The
residue was stirred with ether (50 m) for 10 minutes and filtered. The
filtrate was concentrated to give the cr ude pr oduct which was purified by
flash chromat ography (silica gel) methylene chloride) to give the desired
product (518 ) acol ss oil. I'll. 2260 cm1l. 15 b) O CH2- O ICG N
C~ ~In, -@‘&Lﬁ§ (O(H?%HHH0~N~rO~r Sodi um bi s

(tri rrethyl silyl)am deR(zi 0 Min teds atty/@Hof arQm—(88Q) Ett,. 20 0. 30 nmol ) was
added dropwise to a -78C solution of the ben2yl ester product from Exanple
1(c) (144 nag, O.2bande dretindéysliduntlyaselétedifiom Zbo andanibhtddey &aen 2002
m xture was stirred at -78C for 1 hour. A solution of

1- napht hyl met@\@; | socyanate (55 ng, 0.30 mmol) in tetrahydrofuran (1 m) was
added. The reacti re was stirred . at -78C for an additi onal

m nutes. The reac?@%ﬁs &é(gr‘lﬁ?@rﬂfﬂ\gﬂ’eﬁfﬁfﬂea’&élépﬂpﬁ}ﬁr Bgltfﬂlp F%g?%‘i

bi sul fat ex (| re was extracted with ethyl acetate (2 x 40
m). The (5)r ggar?%gﬁaﬁ%r%ﬁ\femﬁgé%fonbl ned and washed with brine (15 m ), dried
over magnesi um sul A@b@refertddaROtIRNEhS { dfahedinvention @f t&enwg 10f crude
product as a yellow oil. Purification by chromatography (silica, 30 - 50%
et hyl acet at evhereame) gave the desired product as a colorless oil (122 ng).
10 Ms: (MrH) + 756.1; IR (KB 17’>6 cm-~, 1732 cm-l, 1639 cm~~. c) rlH
CF3COOH ( honochiral ~~ H2 COZHI H~1r~n 0o~ A mxture of the
product fromstep (b) (1 0 15 mmol)) 1IN HC (1?0 p.l, 0.17 mol))
pal | adi um on carbon cat st % 50 ng) in dioxane 15 (3 nl) was stirred
under hydrogen at mgﬂsher% rogen balloon) at roomtenperature for 1
hour. Anal ytical HPLC indi cdt etCiiig- corrpl etion of the reaction. The
reaction mxture was filtered through a’'Celite~ cake and concentrated to

gi ve the crude progyghd i BrdBthiy&ldgi@s purified by reverse phase
preparative HPLC as described in Exarrpl e 1(e) to yield the 20 desired
product (@87 ng) asRaishideBinpdwbere; V5 (M+H) + 398.2, (M H)398.4; IR (KBr)
1?80 cm 1, 1670 cm', 154C1y cm 1.

/N ? Ro Rs
- C-N h'e Ho| |
X, is \ / —-C—N——(Cﬂg):—N——C—'OR4 . or

9
—C"j:’—'(CHz) 2_'1\"_@—& wherein Y. Rsand Ro are as preferably
defined above;
t is two or three;
15 u is one; and an inner salt or a pharmaceutically acceptable salt
thereof.

Most preferred are the following compounds of formula IV including

an inner salt or a pharmaceutically acceptable salt thereof:
NH

HzN/lLlfg/v,,l"' o 0
/_._\ i}

4—WN N/C\N C-(CH3) 3
0 H
o

20



15 Novenber 2002 Exanple 1~ NJIHHC1I H N~ N~ ~~'~~ CO2H 2 H N O ~H 0 COOCH~
(homochiral) 5 Follow ng the procedure of Exanple 1 but substituting

met hyl - (S) (-)-2-isocyanato-3-phenyl propi onate for the benzyl isocyanate in
step (d) followed by the deprotection and work-up described in Exanple
3(b), the desired product was obtained. IR (KBr) 1769 cm-'. 1674 cm1, and
1632 cm1; M5 (M+H)+ 420.1. 10 Exanpl4|fi N | HCF3COOk INdVeMber 2002C02H 2 H
H N ( honmochiral ) 0 0 CH-CH3 a) R-(+)-1-Phenvl propvlisocvanate 15 A

sol ution of phosgene (20%ig.toluene, 5 M) was diluted with toluene (10O
m). A mxture of R(+)-1- pﬁ%nyl propyl amne (640 u.l, 4.40 mmol))
triethylamne (1.03 m, N in (5 n1) Was added dropw se.
Another 10 ni of tol uene vvasl’hdded die tlo the fIC of 20 stirring.

The reaction m xture was heated at rkff fog 2 urg C showed t he

conpl etion of the reaction. The soloéent d fhe residue was
stirred with ether (50 m) for 10 m nutes gnd ltere The 68 15
Novenber 2002 filtrate was concentrated to gi ve the crude product which was
purified by flash chromat ography (silica, nethylene chloride) to yield the
desired product as a colorless oil (410 nmg). IR 2262 cmi. 5 b) N 1HCF3COOH
C2H Hi H ~ (honochirgh) ~N ~0 O, 2CH3_Fol | @M ng t he procedure of
Exanpl e 1 but substltu/tu\ng R- +) 1

,__ /N
Y N\C/N N C=—O—CH=CH (CHa) 5
\ / ] l

tl
C—N C-NH;

0
0 o}
0 CH(CH3) 2 .
5
JNLH Y/ C N
/\/Il -
H;N II}I] ___r \ /
— /__\ “
4 N——C— 0O~ CH—~CH (CH3) 5
0 % N/
o] CH{CH3) 2

NH

0]
)L 4 g —— N @"'— NH
M /Il -— 2
N N " K /
H, H __r H

10 o



phenyl propyl i socyanate for the benz~~l isocyanate in step (d) followed by
10 the deprotection and work-up described in Exanple 1(e), the desired
product was obtained. 111S (142+H)+ 376.1, (2MtH)+ 751.2; IR (KBr ) 1780
cmt, 1670 cm1l. E~canmple 1? 15 Nf " HCF3COOH H2N~ M/ G... CO2H . H/ ~
(hormchl ralf ON O a) 2-Naphthvlnethvlisocvanate A drop of

di et hyl f or mami de and oxal yl chl ori dé5(1 m) were addegd NdVenfber 2002ut i on of
2- napht hyl acetic acid (840 ng, 4.5 mmmol) in nethylene chloride (15 m) at
roomtenperature. This m xture was stirred at roomtenperature for 30

m nutes. The sol vent was renoved and the residue was dissolved in acetone
(15 ) and cool e“dse@@@prﬁemmecﬁhecfpﬂswmmmmpmd%oﬁ\fomubaE 2002 azi de
(700 ng) 11. ) in water was added. The actjo ure was
stirred for ‘ggp“rﬁii)‘ﬁ%figénﬁ?r %a(d%aﬁa Decetic u?‘é’&ﬁ%ﬁ%sélt F%Re of ice
water (30 m), ether and hexane (40 m). The organi c phase was
separ ated) washed w dr| ed concentrated to 5 m. 5 Chloroform
(5 M) was added to t\e r sidd. rzesultant sol ution was added to
chloroform (10 m) a dr opw The tu was heated at reflex for |
hour. The sol veHN=W£ evapor at ﬁ_@-gi_cg{.wjm ferEgluict .
Purification by chromdegraph® (si F%ﬁ \aer’'hyl ene dé_l@%{;ge} gave 342 ng of
the desired product as a white solid.OIR (neat) 23 2336a&@ cm 1)
2267 cm~. b) N~ HCF3COOH H2N~ H ~/ 4,) CO2H thonochiral) ~N~/ OO

Fol l owmi ng the procedure of Exanple 1 but substituting 2 15

napht hyl met hyl i socyanate for the benay 1 isocyanate in step (d) followed by
t he deprotction and/work-up described in Exanple 1(e), the desired product
was obtained as a %hite 4y popdg? M5 (MeH)' 398.1; IR (KBr} 1778 cm 1,
1541 cm 1. 20 Exanp NS HN- N~~~""~ COZH 2 HN O

ot L T 0
NH, O/ Y\_/
0 .

5
The following compounds of formula IV including an inner salt or a
pharmaceutically acceptable salt thereof are also preferred:
I ,
HoN g/\///,, CO2H
e N\[r N— o CH,—CH (CH3) 5
10
NH

HzNJL N CO.H
12¢ | 0
I i /N
7NN c—y N— )

o H




O 70 15 Novenber 2002 Followi ng the procedure of Exanple 1, but
substituting 4 isocyanatonethyl bi phenyl for the benzyl isocyanate in step
(d) followed by the deprotection and work-up described in Exanple 1(e), the
desired product was obtained. IR (KBr) 1758 cm1; M 424.1 (MtH)', 422.3 5
(MH-. Exanple 19 NHCF3COOH i,, COzH 2N H ~/ '". I N~ N ( honochiral ) OO
| 01l a) CH2 2 NGC io A solutio®f di phosgene (689NBvEmMbEr 200201 ) in
toluene (5 mM) was added to a mi xture of dibenzylamne (2.0 g, 9.8 mmol)
and triethylamne (1.2 m, 8~ mml) in toluene (13 mM). The resultant

m xture was stirred at NB5 room tenperature for 4 hours. The m xture was
poured into 2N HCl a Us~SQkytion gl ) and extracted with ethyl
acetate (3 x 50 M)Iflﬂ"]'heﬁihg{li'c ei;*ﬁs3 were ¢ i ned, dried over magnesium
sul fate and concentrated to givg 2. 60 g gf~\he|desired product as a white
solid. IR (film 1731 cm'. 20 4":5“!\13:\4@1 erN2@B32CH~-U [CHR2CHO» 1 N O CO
-CH2 0 G N ~gin,,, C-H HS ~-N O G ™™ hyl am ne (42 ~tl),

4-di met hyl ami nopyri dine (30 ng), and & solution of the carbanoyl ;chloride
fromstep (a) (78 nmg) 0.30 nmmol) in 5 nethylene chloride (2 mM) were added
to a solution of the benzyl ester product from Exanple 1(c) (116 ng, 0.20
mol ) in nmethylene chlggide (2 m). The m xture was stirred at room
tenperature for 3 da-~sfl Anal ytical HPLC i ndicated the reaction was

conpl ete. The reacts S yrefic 2flhe addition of 1N potassi um
bisulfate (I~ m). The Mixture Vas [0 ext te%’\ﬁth ethyl acetate (100

m ). The organic layer was wash th ki ngN_(_ _)(Bg[i [ magnesi um
sul fate, and concentrated to g:b%e the%?ude/produdgw [ uri(??gfq?goﬁ by flash
chr omat ogr aphy (30% et hyl acet at e/ hex:%ne) gave the%e@ﬁif@t&)produqt (95 my).
M5 (MEH)+ 796.1, (MH- 794.4; 1R (film 1 r8 cml1l. 1732 cmi, G 71 cml1,
1639 cm 1.

NH

HZNJLE NS, CO.H o
o N"‘(-CHz)z—N)]\O""C(Cﬁah
0 1 |
5 0 CHj CH4
NH
HzN)L NN, pCO2H
CH3 CHj CHj
o7 NN ] -9 CH;
C-N- (CHg) 2-N~—C
I CHs
O CHB ;
I

HaN N/\//""-.——rco2H
H
I I\

il

% N\C/N N— C— O—CH—CH2~CH (CH3) 5
1] N

O CHy;=— CH(CHj) 2

10



15 c¢) 13, I~ CF3 COON 4,,, C2H N~ N ( honmochiral ) OO0 O A m xture of the
product fromstep (b) (95 ng, 0.12 mml), 1IN HCl 20 (145 ~tl), and 10%

pal | adi um on carbon catalyst (61 ng) in dioxane (3 nl) was stirred under
hydr ogen at nosphere (hydrogen ball oon) at room 15 Novenber 2002
tenperature for 2 hours. Analytical HPLC indicated the reaction was

conpl ete. The reaction mixture was f#4¥Vtered through asGebidrabeaR@02and
concentrated to give the crude product as a white powder. Purification by
reverse phase HPLC using the solvent system described in Exanple 1(e) 5
gives the desired product (36 ng) as a white powder. M5 (MtH)+ 438. 1,

(MH- 436.3; IR (KBr) 1786 cm-l, 16Z2 cm~. Exam-le 20 N | H CF3COOH H~-N~ N
~~"'"~CO2H"' Hp (honmocKEral) I I~I"- G G C( CHB ) 3 ~~JO10Ga) 00O
(HB3C) 3C O C- N L, ~ mugbsge of tert-butyl piperizine
carboxylate (1.0 g) 3H¥ 1%% h ne»g753 ~t1j in gethylene chloride (5
m) was added to a solution of diphosigene Ny, 2 ckp toluene) in

nmet hyl ene chl oride at 0C. The rg} wmxt ur rred at OC for 90

m nutes. TLC showed conpl etion t he r%act\i-g-ﬁ. The re n was quenched
by the addition of water (20 m). The oPganic |ayer waf'éHasepag ated. The
aqueous 20 | ayer was extracted with nethylene chloride (2 x 20 m. The
organi c | ayers were conbi ned and washed with water (10 m) and brine (2 X
10 m), dried over gnesiumsul fate) filtered and concentrated to give the
crude product. Purfytication by flash chromatography (nethyl ene chloride)
provi ded 913 nglzcg]f REdesi ed Hct as a white solid. IR (KBr) 1680 15
Novenber 2002 cntl, B747 cmijl. b) O I/J_\ ﬁ)

g . N~ C~CH,y= O0—CH-—CH (CHj)
o7 NS N ] 2 ‘ 3)2
CH(CH3) 7

O

o

; and

N N—~ C——— O0—CH—CH (CH3) 2
CH(CH3) 2

The following examples are illustrative of the invention.



CH2- O G N 00-CH2--0OO0~~~i~,, CH O'CHHO11 V-COC(CH3) 30
O 5 Sodiumbis(trimethylsilyl)amde (1.0 Min tetrahydrofuran, 180 ~.1,
0.18 nmml) was added dropwi se to a -78C solution of the benzyl ester
product of Exanple I(c) (85 ng, O0.15 mmol) in tetrahydrofuran (3 m). The
m xtur a was stirred at -78C for 90 mnutes. f1 solution of the acid
chloride product frompart (a) (45 n380.18 mol) in ygtNanbaf2002n (1 10
m ) was added. The reaction m xture was stirred at -78C for 5 hours. The
reacti on was quenched by the addition of IN potassiumbisulfate (15 m).
The m xture was extracted with ethyl %&L‘ES x 30 m). The organic

| ayers were conbi ned and washed with X 15 m), dried over

magnesi um sul fate, filtexed and concentrated to give the crude product. 15

Purification by flash chronatogra hy (30 - 50% et hyl acet at el hexane)
provided 32 ng of the degt l‘€53 uct as a colorless oil. M5 (MH)' 785. 4,
(MH" 783.7; IR (ne 17320eHr , 1681 cm1l, 1640 cml. 20 c) ~
. CF3cooH H2N N~~~"" ~ - 0 ( onoghiral) H‘Lomo CHB ) 300
15 Novenber 2002 Depr ot ectl on and pur fi catl o the pro ucta 1)rom part (b)
(32 ng) according to the proced c) gives 17 ng of the
desired product as a Wmte fluffy povvde ' 427.1, (MH- 425.2; IR
(KBr) 1792 cmi, 1670 cm'. 5 Exanple 29 NI'HHC1 H2N~ N~i,,) CO2HHO
(honochiral) C_ ( CH3) 30010 a) (H3C13CG~~~ ~CH' _C(CH)3 O

Tert-butyl isocyanate (0.28 g, 2.82 mmmol) was added to a solution of a
tert-butyls 1-g) perazi ne carboxylate (0.5 g, 2.68 mmol) in nethyl ene
chloride (10 m) and the mi xture was stirred at roomtenperature. After 2
15 hours) the reaction mixture was-eyapoFa, ed i p&Pe8uo, suspended in water
(50 mM) and extracted with et hymaw m ). The organi c phase was
washed with saturated sodiumchloride (1 x 0 m{) and filtered through a
sintered glass funnel. The filtrate was dri ¥er sodi um sul fate and
condensed to give 0.53 g of the desired pooduct as a white solid. 20 b)

n-Butyl lithium in hexanes (2.5 M, 36.6 ml, 91.5 mmol) was added
dropwise over 5 minutes to a solution of diisopropylamine (13.5 ml. 95.9
10 mmol) in dry tetrahydrofuran (40 ml) under nitrogen at -78°C with
mechanical stirring. After warming to 0°C and stirring for 30 minutes, the
solution was cooled to -78°C and (4S)-N-(t-butyldimethylsilyl)-azetidine-
2-one-4-carboxylic acid (10 g, 43.6 mmol) [Baldwin et al, Tetrahedron, Vol.
46, p. 4733-4748, 1990] was added in a single portion. After stirring the
15 reaction mixture - gelatinous suspension at -78°C for 5 minutes, the
reaction was warmed to -20°C to -10°C and stirred at this temperature for
30 minutes. 1-Chloro-3-iodopropane (5.7 ml, 53.0 mmol) was added in a
single portion and the reaction was stirred at -20°C for 2 hours (gelatinous
suspension disappears upon the addition of 1-chloro-3-iodopropane). The
20 reaction mixture was then poured into 1N HCl saturated with sodium
chloride (300 ml) and the aqueous phase was extracted with ethyl acetate
(1 x 150 ml) which was then washed twice with saturated 1N HC1. The
aqueous layers were then extracted twice, in order, with ethyl acetate (2 x

150 ml). The combined organics were then extracted twice with pH 7.5-8



O Hr rr-c-N-c ccH3) 3 ~..J H 15 Novenber 2002 The product from part (a)
(0.475 g, 1.67 mmol) was suspended in nethylene chloride (4 m) and
triffuoroacetic acid (4 mM) was added over | mnute. The m xture was
stirred at roomtenperature. After 1 hour, the m xture was evaporated in
uacuo. The residue was dissolved in water, the 5 pH adjusted to 12 - 13 and
extracted into ethyl acetate (2 x 2~4%). The or gani ¢ pRpyemirs 2082hed W th
saturated sodiumchloride (1 x 50 m), filtered, dried over sodiumsulfate,
and condensed to obtain 0.113 g of the desired product as a white solid. c)

0 ~CH2_O0C-~1 C00--CFi~--~0~il ~C-"CCGNOITNH--C(CH3)3 U100 A
sol ution of tdaetdre(azylomﬁﬂeadmmmby the dropwanldditiés bf 06% satiugh 114 nmol |
i n met hyl ene chI or| de (1 m) was cooled to -10C and triethylamne (24 ~.1,
Ol 7 mol) veedrs |cpmbemedobasmeqaema layerowepOthehwaghad with t ol uene

faSaé(SJrcTted H%iyrm"t%t égr?é%@ Ut esﬂg%%%g%ﬁ?ﬁe?éggiﬁm@géﬁﬂﬁqdde (1

m d | | dded
(ol avad by ishonicitrat 4%%%%5%2? siritatid with of P HIoHRE @6lihzng
0.114 mmok) . é&eadfbawmeym a2btdtb]d x50 ML -drifd &fer koAt Slﬂfaﬁ m xture was

quenched wi th 10% nonobasi ¢ potassi um 20 phosphate (15 ml) and extracted

with ethyl acBlteted 41itl eor2@ntra}ed. TEeapasxgmeairpm@wmmmmﬁfb Fdve sat ur at ed
sodiumchloride (I x 30 m), dried over sodium sgé%}@ and concentrated to
e HP

obtain a pale yellow oil. Purifi c,a—t'iﬁrl(byu.,pre a LC (reverse phase,
met hanol , water, trifluoroaceti® aci gave 27 |ng of the desired product as
a white foam 25 M5 784.2 (MtH)+; IR (filmj: 1787.1, 1741.9, 1636.6 cm1.

15 Novenber 2002 d) NHHCL H2N~N~/i ~,,, honochiral) "N~C~N-C ( CH3)
30~~..1 HOS5 A solution of the proddtt from part (c) (25 nfl) 0.032
TOTEAL) inil4 gé L0&e &Znék‘v)oﬂ"‘@ﬂé (g, %E%ei’“ 1'[")1 acé\ém acxd(1 thvl acetato?g IEPIDl) and
0.1, streaks.
10 Tetrabutylammonium iodide (0.5 g, 1.836 mmol) and

tetrabutylammonium azide (15 g, 52.7 mmol) were added to a solution of
the crude chloride from above (less than 43.6 mmol) in dry
dimethylformamide (40 ml) under nitrogen. After stirring the reaction
mixture at room temperature for 72 hours, the majority of the

15 dimethylformamide was removed under vacuum. The product was
extracted into ethyl acetate (150 ml) which was washed with 1N HCl
saturated with sodium chloride (3 x 150 ml). The aqueous layers were
extracted, in order, with ethyl acetate (2 x 150 ml). The combined organics
were then extracted into pH 7.5 - 8 water (2 x 100 m], adjusted by the

20 dropwise addition of 25% sodium hydroxide). The combined basic aqueous
layers were then washed with ethyl acetate (3 x 150 ml). The basic
aqueous layers were then acidified with concentrated HCl to pH 3,
saturated with sodium chloride (solid) and extracted with ethyl acetate,
dried over sodium sulfate, filtered and concentrated. Evaporative drying

25  with toluene gave the desired azide as a yellow-brown foam (6.56 g, 33.1

mmol). TLC (silica gel, 1% acetic acid in ethyl acetate) Rf= 0.1



pal | adi um on carbon catal ~rst (15 ng). Hydrogen gas was bubbl ed t hrough the
m xture for 2 hours. The reaction mxture was filtered through a pad of
Celite which was then repeatedly washed with 1, 4-di oxane. The 10 conbi ned
el uents were |yophilized to give 1~ rng of the desired product as a white

| yophillate. 11-1S 428.1 (111+H)+, 424.3 (M- H-;1R (KBr) 1780 cm.

Exanple 22 15 NI H HC1HN~N~~~~(EEDZHO "N~ ¢~ = U
Chonbchiral) © 0a) 01l ... C( Cg3) 3 (HQ 3G 0. &5 Neblelas? Qo2
Novenber 2002 A solution of tert-butyl-1-piperazine carboxylate (0.5 g,
2.58 mmol ) irb)met hyl ene chloride (5 ml) was cooled to OC. N, N-Diisopropyl
ethylamne (0.42 g, 3.22 mmol) and 4-di nmet hyl am nopyridine (30 ng) were
added, followed by the addition of t@nt-butyl acetyl chloride (0.36 g, 5
2.68 mmol) over 1 mn Th§ m xturk was stirred at OC for 2 hours. After
two hours, the m xtur 27T PoneaNbet ween wat er (20 m) and et hyl
acetate (2 x 20 nll)._The organicQ ayefl was washed with brine (1 X ?5 m),

dri ed over sodiums e d_con ens to 76,3 ofpCe8 desired
product as a white ls@—ﬁg 2 /QM -c¢| CCHHHN~1~- C-- CH 3
~ 3 The product frompart (a) (0 ? g, 2. mol ) was {di sspl ved in net hyl ene
chloride (7 m) and trifluoroacetic acid (4 m) was ver 1 mnute.

The m xture was stirred at roomtenperature. After @ hour, the 15 m xture
| ved in water t he pH was

oo 2vapor et ed | e Tt 3 e Sa ALY gy D P ves
TR L RS e S e
5 10% palladium on carbon (1.3 g). Hydrogen was bubbled through the

reaction mixture for 25 minutes and then the reaction was stirred under
hydrogen for 6 hours. After degassing the mixture with nitrogen for 25
minutes, triethylamine (15 ml, 108 mmol) and N.N’ -bis(benzyi-
oxycarbony)- 1-guanylpyrazole (15 g: 39.7 mmol) [Wu et al., Synthetic

10 Communications, 23(21), p. 3055 - 3060, (1993)] were added. The reaction
was then stirred at room temperature for 18 hours. The reaction mixture
was then filtered through Celite® which was then washed with ethyl
acetate. Solvents were reduced under vacuum and the resulting residue
was dissolved in ethyl acetate (150 ml) and washed with 1N HCl

15 saturated with sodium chloride (8 x 150 ml). The aqueous washes were
extracted, in order, with ethyl acetate (2x 100 ml). The combined organics
were then extracted with pH 7.5 - 8 water (2 x 150 ml, adjusted by the
dropwise addition of 25% sodium hydroxide). The combined basic agueous
layers were then washed with ethyl acetate (3 x 150 ml) to remove excess

20 NN’ -bis(benzyloxycarbonyl)-1-guany1prazole from the product. The basic
aqueous layers were then acidified with concentrated HCl to pH 3,
saturated with sodium chloride (solid), extracted with ethyl acetate (2 x
150 ml), dried over sodium sulfate, filtered and concentrated. Evaporative
drying with toluene gave a light brown foam. Purification by flash

25 chromatography (silica gel, 1 - 3% acetic acid in ethyl acetate) gave the



-G ~-C-CH-C (CH3 ) 3 20 A solution of the product frompart {b) (109
ng) 0.59 nmmole) in nmethylene chloride (0.5 mM) was added to a m xture of
phosgene (0.79 m of 20% phosgene in toluene solution, L48 mmol) in

nmet hyl ene chloride (2 m) at OC followed by the addition of triethylam ne
(82 It.l, 0.59 mmol). The 25 m xture was stirred at 0OC for 1 hour. The
reaction mxture was then partiti on®d between water @8NotemberRazhy|
acetate (2 x 25 nl). The organic phase was washed with 1IN HO (40 m),
brine (50 m)) dried over 15 Novenber 2002 sodium sul fate and condensed
to give a brown oil. Purification by flash chromat ography (silica gel, 0O -
30% et hyl ac FCoh Jgoapict

Sap o b\ depined IvaNe) (805 EHIFM HEl] af B 20 h%dsc’%fdms)s(? falel o
product froml8aacefic pcidsn ethylﬁcekaﬁb)rﬁnﬁﬁ)zwas di ssol ved in tetrahydrofuran
(1 mM) and cooled to -78C. Sodiumbis (trinmethylsilyl)amde (0.15 nm, 0.146
nmol ) was ad@d over one mnute and the nixture was stirred at -78Cfor 1
hour. A solution of the benzy} 10 ester pr oduct from Exanple 1(c) (36 nD,
0. 146 mml) in tetrahydrofurafh (0.5 m) was added and the reaction m xture
was stirred at @ Ay et o urs, the reaction mxture was quenched

with 0.5 N pota mblsulfate olution (25 m) and extractegeg~wth eth~=1
washed vQOp-@Hjne(HL x 50 nl),

acetate (2 X ). The oﬁganl
dried over o@ Bus+H d-atcs- prid at ed”] yel | ow oit=’ Purification
by preparative--LC (reverse Bhaséi nethanol, mwatef, trifluoroacetic acid)
gave 21 ng of the desired product as a colorless_0jg;. M5 ?83.4 (M+ |-~+)
?81.3 (M- H'. e) NIHHCL H2N~ N/ 4, CQO2H g (honochiral) ~ a N
N~C-CtCH3)3 0 20 O 15 Novenber 2002

5 Solid sodium bicarbonate (1.5 g, 17.9 mmol) , tetrabutylammonium

iodide (200 mg, 0.54 mmol) and lastly benzyl bromide (2.5 ml, 21.0 mmol)
were added to a solution of the product from step (b) (1.7 g, 3.52 mmol) in
dimethylformamide (20 ml) under nitrogen at room temperature. The
reaction mixture was stirred at room temperature for 48 hours.

10 Dimethylformamide was removed under vacuum and the resulting residue
was dissolved in ethyl acetate which was then washed twice with
saturated aqueous sodium bicarbonate. The organic phase was separated,
dried over magnesium sulfate, filtered and reduced to leave a brown oil.
Purification by flash chromatography (silica gel, 0 - 10% methanol in

15 methylene chloride) provided the desired product (1.84, 3.21 mmol) as a
yellow oil.
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The product frompart (d) was deprotected and worked-up as described in
Exanple 21(d) to give 12 ng of the desired product as a white |yophilate.
M5 42.1 (MtH)*, 423.3 (M- H-; IR (KBr) 1786, 1736 cm1 5 Exanple 23
NHCF3COOH H N~N~~"'" C02H g O (honochiral) Il 0 ~ ~N-CG(CH2) ~~ 0, a) 0O
(H3C) 3COIC_ ~I13-C_(CHz ~ "~ 10 N,N-Di i sopropyl et hyl am ne (560 ~tl).

4- di met hyl ani nopyridine (33 ng) and ab5%ol ution of 3- pheybpémBanohee aci d
chloride (400 ~tl, 2.69 mmol) in nmethylene chloride (2 m) were added to a
OC solution of tert-butyl-1 15 piperazine carboxylate (500 ng, 2.68 mmol)
in methvlene chloride (4 m). The mxture was stirred at 0OC for 2 hours.

rhe reaction s SUENEDSHLBNBINERIIEN A ELER bR Bhkes T I K U1
contined_anc Y3 WatHaBfans s(A14d0 i p G AUISLP RN R h 2 ©

yell ow sol i dnmdd) (M) tetBdBydrofidany(1(0 MiPunder fitroddn 4F-BEOOThe 15 Novenber
2002 A mixture of the crude product frompart (a) (860 ng, 2.68 nmol))

trifl uor oaceeactignimixtage Mas siiraedrat A3 €hior Al suindees(ahd then aas2@70 fared at
roomtenperature for 1 hour. TLC showed the reaction was conplete. The 5

sol vent Ras ¥ LRUDSIErd PRCSUMLMTTAFHRRIEISUITA o C1IoREY WBaRaded. The
wol ) on'vacOHAER T il b bedbEinF Samianrods bt St @
oi | whi ch wa¥anSBEred ?ﬁ%@@?t%@r‘%ﬁ?ﬁ%"gﬁﬁ%ﬁ '%%q ’Eﬁ( Bt Wy‘n‘i*ﬁssgu\@nz 1.
9 0063 { GV Talpwas sl oot i BoRlagkBPLOMMSIeLATIRANL ) (200

was added t oreaubdhg bighasié spiehenss biirded! WeRRusBSWhilekarB@g t?fodes>. The
resulting mxture was stirred at OC for 20 mnutes. TLC showed the

conpl et iléh ofemperaturet The orJamic phiase masvsaparaned\eatl wasHedohyewitls et her
(50 M1 was added. The m aaure was filtered and the filtrate w as
concent r at edSatyratafeadrequscsodi warcbisahonate. dyied g¥sy wasaesiuPslBISat i on of

the crude pr ct. by.flash chramat.ogra 2020 et hyl ; acetat.el hexanes)
provi ded 235 reoq; a%‘ﬁgoﬁ%esqt?%@%pﬁoc}a%’cet g%hgﬂ ?gﬁvd\ﬁg]&iqe.‘ el{”wxﬁp?mn Y41 em 1,
1703 cm ~.  fiish bRVEHBEIgraPRE (Hlic? gel. 0-30% ethyl acetate in hexane) gave the

desired product (33 mg, 0.047 mmol).

15 )
NHeCF3;COO0H
H . \Q (homochiral)
Y o N
Y

0
Concentrated HCI (4 pl, 0.048 mmol) was added to a solution of the

product from step (d) (33 mg, 0.047 mmol) in dioxane (2 ml) followed by
10% palladium on carbon catalyst (15 mg). Hydrogen gas was bubbled

20  through the reaction mixture for 1.5 hours. Water (0.5 ml) was added and
the reaction was stirred under hydrogen for an additional 1 hour. The
reaction mixture was then filtered through Celite® which was then washed
with three portions of water. The combined eluent was lyophilized to give
white powder. Purification by preparative HPLC (reverse phase,

25 methanol, water, trifluoroacetic acid) provided after lyophilization the



Vi--CH2-- 6 IC NO~ (02 -CHz-_ I | ~/~~~~.. O--CHz OCHHON -
NG tCFi2 ) 2~ 11 0 0 Sodiumbis(trinmethylsilyl)azide (1.0Min
tetrahydrofuran, 210 ~tl, 0.21 mmol) was added dropwi se to a -78C sol ution
of the benzyl ester 5 product from Exanple 1(c) (100 ng, 0.17 nmoi) in
tetrahydrofuran (2 m). The m xture \A5Ia§ stirred at -78C for 1 hour. A
solution of the product frompart (c)9¢58 ng, 0.21 mmo i r r of uran
(1 mM) was added. The reaction m xture was stirred at J-lé/yevﬁhﬁjte{é@bgours.
Anal ytical HPLC indicated that the startinn material was not conpletely
consunmed. Thi sdekredasroduen (ednpid.b magdirki f 1.A5 isulfate
(20 mM). The m xture was egrac%“ed %\??ﬁmg{;hgﬁ (?gg?ét7§§(°%9x’q§§ #%8 The
organi ¢ | ayer Moy, 3603 Melxnd washed with brine (2 x 15 m) dried
(magnesium sul fate), filtered and concentrated to give the crude product.
Purification of the crude product by reverse phase HPLC provided 32 ng of
the desired 15 product as a colorless ﬁi | . ug éI\/HrH)" 817.1, (MH- 815. 4.
e) N HCF3COOH H N~ N~~~"~~ 002H g p t 1) I ONNGCG t CHz ) z UO
20 Deprotegtion and purification of the product frompart (d) according to
the procedure of Exanple 19(c) gave 10 ng of the desired product as a 82
15 Novenber 2002 white po *CEMEOQEMH) ' 459.2, (MH - 457.4; IR (KBr) 1790
cml1, 1680 cm 1. Exanplg Alghed, CO2HAQHRI ~i H ~i., N~ OCH3 NJ
(honochiral) 0 Oa) o ~ ¢t (HEC) 3C-O=€f ~ --COCH3 10 A solution of
tert-butyl-1-piperazine caxbox5 satgq (0I5 gy 2.68 mol) in nethyl ene

chloride (5 m) was cooled to OC. SKN—DN\?]QE | éhbpbeingl (0. 42 g, 3.22
mol j and 4-di et hyl am nopyri di ne K@
6]

a)

0

il
©-moly
0
Il J\ l, . COZ‘CHZ@
@—cm—o——c—g NN —r
H

S
0

Sodium hydride (60% in mineral oil, 20 mg, 0.5 -mmol) was added to

10  a solution of the product from Example 1(c) (92 mg, 0.161 mmol) in dry
tetrayhydrofuran (1.5 ml) under nitrogen at room temperature. After
stirring the reaction mixture for 10 minutes, cyclohexyl isocyanate (100 pl,
0.78 mmol) was added in a single portion. The reaction mixture was
stirred at room temperature for 30 minutes. The reaction was then slowly

15  poured over ice cold 1N HCl (2.5 ml). The resulting solution was extracted
with ethyl acetate. The organic phase was washed twice with saturated
aqueous sodium bicarbonate and once with brine. The organic layer was
dried over sodium sulfate, filtered and concentrated. Purification by flash
chromatography (silica gel, 0-10% methanol in methylene chloride)

20 provided the desired product (91 mg, 0.13 mmol). MS 698.1 (M+H)+, 696.4
M-H)-.



(30 nmg) were added, followed by addition of- nethyl chloroformate (0.25 g,
15 2.69 mmol ) over 1 mnute. The m xture was stirred at OC for 1 hour. The
m xture was partitioned between water (20 m) and ethyl acetate (2 x 20

m ). The organic phase was washed with brine (1 x 73 m), dried over sodium
sul fate and condensed to give the desired product as a creamcolored solid
(0.636 g). 20 b) 0 H ~1~ -C OCH3 The % oduct from par*Sf\%&eﬁ%egg@wl' 23
nmol ) was di ssolved in nethylene chloride (3 m) and coole 0 .
Trifluoroacetic acid (3 m) 83 15 Novenber 2002 was added and the m xture
was warnmed to roamtenperature and stirred for 1 hour. The m xture was then
evapor at ed ingﬁacuo. The residue was dissolved in water, the pH adjusted to
12 - 13 with N sodi um hydroxi de, and extracted with ethyl acetate. The
organi ¢ phase was washed WNH:CF;0o00me) dried over sodium sul fate and
condensed to give 91 ny of,U,Lh desjred frc%? m ne product. IR(film 1696.2
cm'; M5 144.9 (MrH)' . BN o N o™Cl-G—= 2&%—!3 10 :~ mixture of the
product frompart (b) (89 ng. 0.617 [mmol) and triethylamne (86 ~, 1, 0.59
mmol) in nethylene chloride (2 m) degf to_a m : hosgene (D. 82
m of a 20% phosgene in toluene sdPution, ). 5% Ir(;h)éﬁ%gl?ng%( ure was
stirred at OC for 1 hour. The reaction m xture 3 then partitioned between
water (25 m) and ethyl acetate (2 x 15 25 ml). ~The organi c phase was

)
washed with 1N HCO (oHeefitrateP'H ( ) i over di um sul fate and
concentrated to gi ve 108 nge of chﬁ(éllggépllgg @g&asa?sdd;%btroo%\ﬁplaﬂon ofR

(1, S ik e el AL S Gl
Exanmpl e 1(c) (8%1paladitmi 84 carbiy cagsys ag%gﬁg%g‘éés%&@ggﬁgog{%@ 2 m)

and cool ed to_-78C. Sodi um bis(trimethylsily €mol )
was added oveFeartigt migturedar 45 mimused eW 20021 m@ﬁd&%dﬂé@éﬁf%#&%g ed
ny) 0.

at -78C for 1 . JArsolution of the product frompart (c) 234
mmol) in tetra %%&%’ffﬁ é‘ﬁdfﬁhﬁaP% op aacaflditianahés meianténThe ¥éabtiHnas

stirred at - 78Gxtif¥blw %_, m X .was guenched with 0.5 N
pot assi um bi sul fate s%sl ﬂi%%}gﬁft 5%{1%1“')0“ hlcﬁ‘gk'f’ \of wagihen stashed adch at e (2

x 2~ m) .10Thethmegapoircions 3s raves j i.ne x 50.m,)) dried over
sodi um sul fate and concentrat ed ?@égﬁé’w&é‘g%ﬁ%&‘@éﬁsﬁa 1zeghip giVe whiten by

epanl, e Pt Funsssbas et KFRO et AR R O
(MeH) *, 7404 YRFED ﬁwﬁuormqemcramd)m.vﬁdeﬂmfter lyophilization the desired
product (28 mg, 0.062 mmol). IR (KBr) 1773 em-!: MS 340.1 (M+H)", 338.2
M-H)".
15

Example 3

NH-HC1
HoN” NN %, pC0H
H

(homochiral)

-
YN
>




10 e) N'"HHCL ~/ ~~,,. COZH O H2N~ H OCH3 (honochiral) O O Deprotection of
the product frompart (d) (22 ng, 0.02 t nmmmol) and 15 work-up as descri bed
in Exanple 21(d) gave 12 ny of the desired product as a white |yoghilate.
M5 385.1 (11'I+H)+, 383.2 (MH-: IR(filn) 1786 cm1. Exanple 25 Nfi HC
i 2N- H-~~. C0O2H . 0 N N~C~-O - (CHZ) 3~ 020 0 (honochiral) $5 15
Novermber 2002 a) O Cl----C-O (CHZ) %5 3- Phenyl - 1- pr oganelehbeP2002 7. 34
mol ) was added to a m xture of 5 phosgene (5.5 nml of 20% phosgene in

tol uene solution, 11.01 nmml) in nethylene chloride (5 m) at 0C. The

m xture was %lrred at 0C for 5 hours. The reaction m xtuxe was evapor at ed

in Uczcuo to give a col orless oil. Purification by flash colum

chromat ography (silica gel 0 - 5% et hyl acet at el Hexane gave 1.33 g of the
desi red producw _g ' 0 (H30) 3-'G~-"GNNGO(CH) 3~ A
solution of te | a2|ne earboxylate(OZ 07 mml) in

nmet hyl ene chl de {3 n1)|| vva ooled toMC. N, ON yI et hyl am ne 15
(0.25 g, 1.93 CHarrd—dV metlﬁyl a opy fTdine crystals) were
added, fol |l owed”by additiorfof & solution |of the p:roduct frompart (a) (0.2

g, 1.0 i mmol) over 1 mnute. The m xtur vvasl\s PN ed at 0OC for 1 hour. The
m xture was then partitioned betweeen water (20|m1) et hyl acetate (2 x
20 mM). The organic | ayer was washed with brine9(1 X dried over 20
sodi um sul fate and concentrated to give 0.35 g of the de product as a
yellowoil. ¢) 0 NGO (CHZ) 3~ 25 The product frompart & (0.35 g) 1.03
nmol ) was di ssol ved in nethylene chloride (4 m) and cooled to OC

Trifluoroacetic adfellquingithe praeeduyrengf\lexasapleoid»bunsubsitfaiding/4r 1 minute
dth i Xt dt t d f 1 h Th
T xture was {HERCRTUBOPEPEI 15 (DR EOLY TRBCYATGIa, Do SR e DR TRt or
th H t ted
h et b actakit. 1R il $Pre/ B MSMERCA T Y BTG T fere

with ethy ani c hase was filtered
over sodium sulfate and concentrated to give 0.23 g of the desired product
as a white solid. M5 248.9 (M + H)+.

b)

NHeHC1
H.N” SN, COH
- H

H
o7 _—N\"/N O (homochiral)

Concentrated HC1 (10 pl, 0.12 mmol) was added to a solution of the

10 product from step (a) (30 mg. 0.039 mmol) in dioxane (4 ml) followed by
10% palladium on carbon catalyst (30 mg). Hz was bubbled through the
reaction mixture for 5 minutes and then the reaction mixture was stirred
under hydrogen gas for 1.5 hours. The reaction mixture was then filtered
through Celite® which was then washed with two portions of water and

15  one portion of dioxane. The combined eluent was lyophilized to give the
desired product (16.3 mg, 0.036 mmol). IR (film) 1769 cm-}; MS 410.1

(M+H)*, 408.3 M-H)".



d 00cl-c-~rr-c-0-(cxz)3~ 10 A solution of the product frompart (c)
0100 ng. 0.403 mml) in nethylene chloride (1 mM) was added to a m xture of
phosgene (0.53 m of a 20% phosgene in toluene solution, 1.01 nmol)
foll owed by the addition of 15 triethylamne (60 ~t.l) 0.403 muol). The
m~.rture was stirred at 0C for 1 hour.ﬁThe reaction m xture was then
partitioned between water (25 m) and hyl acetate (2,7 ) e
organi ¢ phase was washed with 1IN HC (40 m ), brine (Sb5 M%%?‘niﬁﬁl)rggagver
sodi um sul fate and concentrated to give 115 ng of the desired product. 20
e) 0 CH2-OCNCOxZ_CHO~ >>~.. OCOGCN NOHHII O~N"-CO(CH2) 3~
O A solution of the benzyl ester produkampim4xanple 1(c) (43 ng, 0.075
mol ) i-n nethylene chloride (1 mM) was cooled to 0C and 15 Novenber 2002
triethylamne (11 ng) 0.113 nmol) and 4-di net hyl am nopyri di ne (6-8
crystals) were added. A sg;hutpg)@b&i t he pxoduct frompart (d) (58 ng) in
met hyl ene chloride (0.5 dded ara:g i%{ge m xture was stirred at OC for
45 m nutes fol |l oned byﬂﬂlg%/ erature fox 3 hours. The 5
m xture was then evaporated’in uacyo. Puri |cat| on fhtheh&?éwue by flash
I

col um chromat ography (silica gel, ;3Q%eth et at el hexane) gave 40 ng of
the desired product as a pale yeICPow oi | H*, 845.4 (M H
)~ IR (film 1784 cm 1. 10 f) NIIHHC H N~N~I,,) H H 11 NNCGO ( CH2
) 3~ 0 0 (honochiral) Deprotection of the product ompart (e) (40 nyg,

U. 027 mmol ) and WorgGlidwias tfe %Hqg, %(g)%?&x the
desired product as a Wmltg Fl ?}Eb 60@@%@12? 8‘5%%’%%&”1

| R (KBr) 1384,isddyahade fanshe. be@ﬁ@ﬂﬂdo@y@x@ate in step (d) followed by the

deprotection work-up described in Example 1 step (e), the desired product

was obtained. IR (film) 1775 cm-: MS 362.1 (M+H)", 360.3

M-H)".
10 Example 5
NHeCF3;COOH
HoN g/\,/ , COzH

{homochiral)

e

Following the procedure of Example 1 but substituting 4-

15 trifluoromethylphenyl isocyanate for the benzylisocyanate in step (d)
followed by the work up described in Example 1 step (e), the desired
product was obtained. IR (film) 1761 cm!; MS 402.1 (M+H)*, 400.2
M-H)".



NHHC H N~N~~~'"~~ C02H H /"~ (honochiral) ~~NHHCL ~/ O O 20 $a 15 Novenber
2002 a) O0il (H3C) 3-CG-CGN-N-COA A solution of tert-butyl-1-pi perazine
carboxylate (0.5 g, 2.8 mvol) in 5 nmethylene chloride (1 m) was added to a
m xture of phosgene (3.6 m of 20% phosgene in toluene solution) 6.71 nmmol)
in nmethylene chloride (2 m) at OC. Triethylamne {0.27 g, 6.7 mmol) vvas

t hen added and the m xture was stirrda7at 0OC for 1 hou The %

then partitioned between water (30 m) and ethyl aceta %NPZ Q’rB?@ ? The
organic | ayer was 10 washed with brine (1 x 60 nm), dried over sodium

sul fate and condensed to give crude product. Purification of the crude
product by flash chromatography (silicEBxasiplel®% et hyl acet at el hexane) gave

0.515 g of the deS|red pr asavvhlte solid. IR (film 1737.6. 1697.0
cm~. 15 b) O Il -- CO Cry—- -~01l | ~i~~,. o-~c-N "N CO--
cx~- Hn "~ o0~V eFsol uti on of the benzyl ester

t yPRehitalori de (1 n)
3 mol) and

product from Exarrple 1(c) (H47 ny, 0.0 2 mol)
was cooled to OC and 20 tri et hyl a?__rﬁ (12
4-di net hyl am nopyridine (6 - 8 cp¥sta added. A solution of the
product frompart (a) (51 ng) in nmethylegpe chloride (1 m) was added and
the m xture was stirred at OC for 40 mnutescf‘lé)llowed by stirring at room

tenperature for 4 - vvas t porated in vacuo.
Purification of thgorile5| 55%8?;8"@&% %ﬁmgﬁngr{%m ogr aphy
silica gel, QnethyP8é f n ave of the desired
E)roduct gs a co?torl e%@%?éoc?&@&% @?ﬁ%ﬁf %f—]b ocy; tgg( Rhem) (d) Q!-)OV@@E 0 CN
COZ- CH2- ~G n the deprotection and tih-e@vmhpd@séﬁﬂ'éd m%x?fﬁgggggﬂ%e ASirel

product frompart (b) (40 ng, 0.051 nmmol) was di SSO
product was obtained. IR (KBr) 1777 em-l: MS 362.1 (M+H)", 860.2

M-H)".
Examgle 7
10
NH-HC1
HoN NS, CO2H
2 11-\17 ——r \Q (homochiral)
e
E

Following the procedure of Example 1 but substituting (S)-o-
methylbenzyl isocyanate for the benzyl isocyanate in step (d) followed by
15 the deprotection and work-up described in Example 3(b), the desired

product was obtained. IR (KBr) 1777 cml; MS 362.1 (M+H)", 360.3
M-H)".



met hyl ene chloride (1 m) and cooled to OC. Trifluoroacetic acid (1 m) was
added over 1 mnute and the m xture was warnmed to roomtenperature and
stirred fox 1 hour. The m xture was then evaporated in 10 vacuo to give the
desired product as a yellow oil which was used in the next step w thout
further purification. M5 685.1 (M+ H*, 683.3 (M- H-. d) NIF HC1
H2N~ H~i,,,. 002H 1 (hornocniral ? HCB® 0 15 The prodpe Nol/eribep2002(c) (49
ny, 0.061 nmol ) was deprotected and worked-up as described in Exanple 21(d)
to give 15 ng of the desired product as a white |yophilate. M5 327.0 (M +

H+ 325.0 (M- H' ; IR (KBr} 1786,,,1653 cm~. 20 15 Novenber 2002
Exanpl e 2?7 NHHC1 H N~N~~~'~ CO2H H I\EEE&EI.GE 0, ~~0 (honobchiral) O5a) 0"
-7 0 (HgO) 3--"C'O'CG ~ -S02 A solution of tert-butyl-1-piperazine

carboxylate (0.2 g, 1.07 nmol) in nethylene chloride (2 m) was cooled to
0C. N, N dusopr opyl et hyI n@FiCtDQHW g, 1.28 mmol) and 4-di net hy

| am nopyride 10 (30 d, fQqQlkbomed by addition of benzenesul fonyl
chloride (0.19 g, 1. 2 § over ) rn'ﬁg@&cgi )sti rred at 0C
for 2 hours. After two hours, r (RO m;) wWa aé ed to e m xture and
extraced with ethyl acetate (2 _Nhe gyganic |ayer was washed with
brine (1 x 75 m), dried over s iumsufate concentrated to give 0.35
g of the 15 desired product as a white SolidXxb

5 Following the procedure of Example 1 but substituting 2-biphenyl
1socyanate for the benzyl isocyanate in step (d) followed by the
deprotection and work-up described in Example 1(e). the desired product

was obtained. IR (KBr) 1780 cm-}; MS 410.1 (M+H)". 408.2 (M-H)".

10 Example 9

NJE-X »CF3CO0OH
Hs E/v ,‘,""—"!'COZH {homochiral)
s [
<Y~ Q)

0 CH;

Following the procedure of Example 1 but substituting (R)-(-)-(1-
15 naphthyl)ethyl isocyanate for the benzyl isocyanate in step (d) followed by
the deprotection and work-up described in Example 1(e), the desired
product was obtained. IR (KBr) 1777 cm'!, MS 412.3 M+H)", 410.2

(M-H)".



HT --S02-( U) ~/ The product frompart (a) (0.35 g, 1.07 nmol) was

di ssolved in 20 nethylene chloride (3 m) and cooled to OC. Trifluoroacetic
acid (3 mM) was added over 1 mnute and the m xture was warnmed to room
tenperature and stirred for 1 hour. The m xture was then evaporated in
uacuo. The residue was dissolved in water) the pH adjusted to 12 - 13 using
6 N sodi um hydroxi de and extracted wbPh ethyl acet at eq5 N ehsep 2 15
Novenber 2002 phase was washed with brine, dried over sodium sulfate and
concentrated to give 0.208 g of the desired product as a pale yellow oil.
M5 226.8 (MtH)+. 5 c) O C1-C N \ N SOzpAamhpieti@ of the product from part
(b) (100 ng, 0.442 mmol) and triethylﬁ'rﬁTTéﬁ('b'Z‘~. 1, 0.442 mmol) in

nmet hyl ene chloride (1 mM) was added to a m xture of phosgene (0.59 m of a
20% phosgene in tol uene sglu EO(P 10 1.1 nmol ). The m xture was stirred at
OC for 1 hour. The m xtur ¢ Was3 q’%ﬁ evaporated in vacuo. The residue was
suspended in ether andgfyttgrad~Zhe el ntis were C?E}T@‘%%ﬂ%;% to give 100
ng of the desired product a& a credgm cpl ored soA --CHZ OC N
C02_CHz-O ~ ~~n.. OCH OGCGN'NHHIO rs ~/ # ~ O OO A solution of the
benzyl ester product from Exanpl eoﬁ(c) . mol ) in nethyl ene
chloride (1 nml) was cooled to OC and tri &t hylam 17 ng, D.168 nmmoi) and
4-di met hyl ami nopyridine (6 - 8 20 crystal’s) wef® added. The product from

t 58 , 0. I dded .and t i Xt ) ti dat 0C
Por a5 hi hutes t of ILURMEE tbe FrpeioE ot HGmrlE AR tRa R En e SGER ™ rhe
vt ) . . _ ' bl . ¢
T 8 SRRSO i s s bR 1 ©
the work-up described in Example 1(e), the desired product was obtained.
IR (KBr) 1777 em-t: MS 412.3 (M+H)", 410.2

(M-H)".

10 Example 11

NH«CF3COOH

HoN N/\//’I,_‘ CO2H
H |
H (homochiral)

o
\\l.
&

a) trans-4-phenvicvclohexvlisocvanate

Ammonium formate (18 g, 285 mmol) was added to a solution of 4-
15 phenylcyclohexanone (5 g, 28.7 mmol) in methanol (150 ml) under nitrogen
at room temperature followed by the portionwise addition of sodium
cyanoborohydride (1.85 g, 29.4 mmol). After stirring the reaction mixture
at room temperature for 24 hours, the methanol was removed under
vacuum to leave an oily residue. The residue was dissolved in methylene
20 chloride (100 ml) which was then washed with 1N sodium hydroxide (2 x
100 ml). The organic layer was separated, dried over sodium sulfate,

filtered and concentrated to leave an off-white solid. Purification by flash



by preparative HPLC (reverse phase, nethanol, water, triffuoroacetic acid)

gave 28 ng of the desired product as a colorless oil. M 825.1 (MtH) +. 5 e)
NHHCL H2N~Ny ,,~, CO2HH ~ NN ~\ O~ ~ ~y ( honochiral OO0 O The product
frompart (d) (23 ng) 0.03 mol ) was deprotected and worked-up as descri bed
in Exanple 21(d) to give 12 nag of the desired product as a white

| yophilate. MS 4G 7 .0 (111+H T, 46568 (MH)- ;IR (fi HEINARMYERW@2 1662. 13
cm~ 1. Exanple 28 N IHHO H2N~ HMi,. C02i~ . (honochiral) ~T~-G C O CH2-CH
(CH3) 2 00154a 00 (HBC3-"C _p_ ~C ~ ~Cp-CHz_ CHCi3)2

Di i sopropyl ethyl am ne (30 ng)) 4-dinethyl am nopyridine {30 and a

sol ution of i§ Jrogzaplyy WL}F%E‘E]@O('C%% Kpethang mﬂﬁbﬂﬁnﬁﬁh&gg InrpEided

chloride (2 ) Ner. dde olution of tent-butyk-1-piperazine 20
car boxyl ate ( (f@ g,gfe@_nggﬂghg@%%qibw%xg%e %%?(Wn?’tﬁ%s?g ™). The m xture
was stirred at 0C 9 3 t "'ﬁﬂ& hobiR Jjtion
of water (20 m). %gséﬁ%ﬁoeﬁ\{lfggdggﬁg’a%%%%% e!ta ﬁd&?g%%nél%lg?g@ ?%@,_pgd 3 15
Novenber 2002 pkehficytlohedyiantingd50¢ nig)\285 mmol ic aohiened5an)) usiehed with

brine (2 x 10 nl), dxied over magnesium sul fate) and concentrated to give
819 ny of ¥ heniaogerdt seeratemnesatunge| Thawesailting spRition masiwated at 80°A 688
cml. b) O -C—-%ﬂz-méqpﬁ:&? 2 5 m xt ure g t%(; crude géf’?g?:m fraom part
(a) (800 ny, T/ AT ) 0WPRES YdRe oDt Feoiedd IS YA I B

chloride (10 . S 511 (0} I u TLC d the
conpl eti on of q%%%gﬂ?égﬁl % gélﬁg*ﬁgva%oﬁ\%én%g&gé%%%%%% %%EJQQNFPS% |‘5?n ydr oxi de
sol ution (15 whlledted atl coadesitralditdiiive d7® Maofeidnaat ed with ethyl acetate
(100 m). The conbi ned organic solution was wasfed with brine (10 m),
dried over naghesyloyclhhekplisocyhnatecasd light yetinwenit.r 8R ¢8lmhp285¥em311 ny of
the desired product as a yellow oil which v~as used wi thout further
purificat?‘gn. IR(film 1692 cm1l. 15 ¢c) 0 0 CZ-~-C ~ -G p-CHZ...CH (CH3 ) 2
A m xture of tbr)le product frompart (b) (47 7 ng, 2.56 mol) and

NH « CF3COOH

H,N NN, CO,.H
H
l (homochiral)

OJL_- N\r ,,‘l.

o

Following the procedure of Example 1 but substituting trans-4-
phenylcyclohexylisocyanate for the benzyl isocyanate in step (d) followed
15 by the deprotection and work-up described in Example 1(e), the desired
product was obtained. IR (KBr) 1778 cm'!; MS 416.2 (M+H)", 414.4
M-H)".

Example 12
20

f «CF4CO0OH
H,N” NN CO,H (homochiral)
T

o _NYS\/Q\OQ

N



triethylamne (432 ~1} in nethylene chloride (5 mM) was added to a 20

sol ution of phosgene in toluene (1.6 m, 20% at OC. The resultant m xture
was stirred at OC for 2 hours. TLC showed the conpletion of the reaction.
The sol vent was renoved, and anhydrous ether (50 m ) was added. The m xture
was filtered and the filtrate was concentrated to give the crude product

(481 ng) as an orange oil. Purificatifdn of the crude —ﬁ;‘;ﬂ;\lgggﬁl‘%@p 2p02Vi ded

453 ny of the desired product as a yellow oil. IR (fi i 741 cm1, 1703
cm 1. 94 15 Novenber 2002 d) OII CHZO C NQC2-CH2-00COCN "NHH
"NO0O~~-COCH2-CH ( CH3 hyl ami ne (36 ~tl),

4- di et hyl ama:l)opyrl d| ne (30 and ol uti on of the product fromstep (c)
(65 mg) 0.24) in T Qe m) were added to a solution of

t he benzyl ester product from Exarrple 1(c) (100 nmg) 0.1? mmol) in nethyl ene
chloride (1 nl). The mxture was stirred for 4 hours at room tenperature.

Quenthed by t he adBFEPGRNSR IRRRA GL0F #%?g‘é)aq%aé’cﬁ%'eﬁtﬁ%@;@?héeam"ii‘JPewaWZs
extracted wt aﬁf&%ko%@&ﬁgﬁﬁg 4’9%6 )338 &é‘&%o W QbR PGe pashed w th

brine (15 m) Ied gneiums concentrated to give the

crude producty Hén@nbbéh'z@.llde‘hgﬂe (s’glrzﬁ zzmm@n @méﬂ?as{bwm’@m; Qﬂdm@y (50%
et hyl acet at e/ hexane) gave 81 ng of the desired product. M5 ?85.2 (Ml ~+,

?83.4 (MH) - . miStwp Wh&btmdl-ﬂl‘teo&temperatwwdﬁnmght I\Aﬂieﬂlmuﬂ—lthﬂ-l 220
O (honochiral) The product from part n? 0.10 % was depr ot ect ed
and wor ked- up1‘1§:§t‘~k}'@s‘f€i‘lis B@ﬂpqrﬁt@mrﬁ%wz% Pa%"i} Igned begvge% BrHChandesi r ed

i 1653 anbo BoBiites THLahiRe=Tns ot e P3aifld iiee ﬁk&wﬁr -2 Goom

~HN "O( G"ﬂg ésc”)ﬁ.'lt '1@%{ Qx a@%e %et@gl acet W2 2-
Fol | ow ng the procedure o roug t su stltutlng
phenet hyl1@l cergdnié @ha@bm&whﬁmd wi::hpmﬁe,r&ﬂmd Bvé3oditihesulfate and

concentrated to give 300 mg of HzN\/©\ /@ as a colorless oil.
Q

MS 199.2 M+H)*.
This amino compound (300 mg, 1.51 mmol) in toluene (2 ml) was

added to a mixture of phosgene (3 ml of a 20% phosgene in toluene

15 solution) in toluene (2 ml). The mixture was heated at 80°C for 2 hours,
followed by stirring at 110°C for 1 hour and stirring at 80°C overnight.
The mixture was then evaporated in vacuo and the residue was suspended
in ether and filtered. The eluents were concentrated and co-evaporated
with toluene to give the desired isocyanate as a brown oil (0.328 g). IR

20 (film) 2263.5 cm-1.
b)




desired product was obtained as an orange oil. 10 b) 0O CHZ O IC N COz
CH2-O ~ii~.. OCHT" O'C N~ NHI O~ NGO (CHZ) 2~ O A solution of the
benzyl ester product from Exanple 1(c) (69 ng, 0.121 nmol) in nethyl ene
chloride (1 mM) was cooled to OC and triethylamne (18 ng, 0.181 nmol) and
4-di net hyl am nopyridine (6 - 8 Z5 crystals) were added. A solution of the

product fromp art (a) (54 ng) in nmebRyl ene chloride {BlNBIemBBS200RIed and
the m xture was stirred at OC for 45 mnutes followed by stirring at room

tenperature for 2.5 hours. The m xture was then evaporated ira vacuo.
Purification of tAherlmsizgliestey prbdsdt fedm Ewertmpleal(b)y(69angj @.420ahmol) - 30%
et hyl acet at el Hexane) gave 20 the desired, product as a colorless

oil. nrt%123 g3wap qigpplyec iasqt%gh?&m%;ra}n (IR0 @) jamyd cpoles) tor-787C7 S@dwmh 9|6 15
No 2002. c) .NH 0. Y~ OOzH,. O | i
~~3Eod§r rhe_ Bidtrib s am e T Tag D ey SeCotant s ?quég‘?%%aa)nd

) : f : ) : j .
oo B "2 aES ASuS IR Bral A Bl e e
| 783 cm-15 | gddeyaiate froth Etepn(al) €0.328 g8 AN i tettalydrofurez(t.Pmd ~N C O

(honochiral) a) Cvclohexyl chioroformate A m xture of cycl ohexanol (500 ng)
5.0 mvol) anwvasadded beer hminst¢ 384 the rejction maxtwe ovas stirediade784.m ) was

i xtur & was. e 40 T uges. RGF HhGare.Has SurBeiet BN SOTIPRIR0r he
The m xture TSR o0y (EORIT dn AR BOT ol Bhetard TN AED 058,
SL r .t ]blecgtelsl():] %%&ﬁxﬁ@ﬁﬁﬁs@&a@ wwAhEvitR beide (1hi 5 nYIR drisPever dodanth further
10 sulfate. and condensed to give a yellow oil (150 mg). Purification by flash
chromatography (silica gel, 0 - 25% ethyl acetate/hexane) gave the desired
product as a pale yellow oil (50 mg). MS 798.1 (M + H)*, 796.3

M - H)"; IR (film) 1776.6 cm-!.

15 ¢
NHeCF3CCOH
H,N” "N “,, pC0H (homochiral)

- 30

10% Palladium on carbon catalyst (25 mg, wet type) was added to a

3\

solution of the product from step (b) (45 mg, 0.056 mmol) in 1,4-dioxane (7

20 ml) containing 1N HCl. Hydrogen gas was bubbled through the solution
for 4 hours. The resulting mixture was filtered through Celite® which was
then repeatedly washed with 1,4-dioxane. The combined eluents were
evaporated in vacuo to give a pale yellow glue (40 mg). Purification by
reverse phase preparative HPLC (YMC ODS 30 x 250 mm) using the

25 solvent system described in Example 1(e) gave the desired product as a
white solid (26 mg). MS 440.2 M + H)*, 438.3 M - H)"; IR (KBr) 1773



(film 1770 cm 1. 15 Novenber 2002 b) o ~ o (CH3) 3-COC~NCO -( )

Di i sopropyl ethylamne (5fi0 ~tl), 4-dinmethylam nopyridine (30 ng) and a
sol ution of cycl ohexyl chloroformate (473 ng, 2.68 nmmol) in 5 nethyl ene
chloride (2 mM) were added to a OC solution of tert-butyl-1 piperazine
carboxylate (500 ng, 2.68 mml) in nethylene chloride (3 m). The m xture
was stirred at 0C and warmed to room&3nperature over151Nt@Qgﬁﬂ)er'Qbezreact| on
was quenched with the addition of water (15 ml). The m xture was extracted
wi th ethyl acetgte (100 mM). The organic | ayer was 10 washed with brine (2
x 10 m), dri®% over nagnesium sul fate, and concentrated to give 832 ng of
the desired product as a white solid. IR(filnm 1692 cm1. c) --~- o 15 A
m xture of the crude product frompart (b) (832 ng, 2.68 mmol),
trifluoroacetic acid (2 m) and net hygemamibligride (2 m) was stirred at

roomtenperature for 3 hours. TLC showWwed C etion of the reaction. The
sol vent was renoved and 1N sodi um hydroxide solution (15 m) was added. The
m xture was extracted with § tate (100 m). The 20 conbi ned organic
sol ution was washed with b (35:@ ﬁ1 )) dried over magnesi um sul f ate,

filtered and concentr at egy W&B @¥Ht he desi xed product as a |ight
yell ow oi |l which was used w thout fufther purificahemdehibaly * 0 C1-CiZ
N-C- O 25 9% 15 November 2002 A m xture of he product frompart (c) (459
ng) and triethylamne (448 ~tl) ing (2 M) was added to a
solution of phosgene in toluene (2.1 n, he resultant m xture
was stirred at OC for | hour. TLC shovved the conptgetion of the reaction.
The sol vent was 5 renoved and anhydrous et her "’ ) was added. The
mxture was filtered and the filtrate was concentrtated to give the crude
product (626 ) as an orange oil. Purification of the crude product

provi ded 626 of the desired product as a yellowsolid. IR (filnm) 1740
cml 169? cm1. e) O (I

. H
YN0
0

Sodium bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 106 pl,

0.106 mmol) was added to a solution of the benzyl ester product from

10 Example 1(c) (67.9 mg. 0.101 mmol) in dry tetrahydrofuran (2 ml) under
nitrogen at -78°C. The reaction mixture was stirred at -78°C for 1 hour
and then 1-benzyl-2-phenethyl isocyanate (35 mg, 0.147 mmol) [prepared
as described by Anderson et al., J. American Pharm. Assoc., Vol. 41, p.
643-650 (1952)] was added in a single portion. The reaction mixture was

15  stirred at -78°C for 20 minutes. The reaction was quenched by the
addition of potassium bisulfate (3 ml) followed immediately by the
addition of ethyl acetate (5 ml). The resulting biphasic solution was
stirred vigorously while warming to room temperature. The organic phase

was separated, dried over sodium sulfate, filtered and concentrated to



CHy 6 CNCX CFi2-~~Q0 ~. ~i.~. ~OICCHHO. ~. / -1 _ 0010 O
Triethylamne (34 111)) 4-dinmethylam nopyridine (20 ng) and a sol ution of
the product frompart (d) (65 ng, 0.24 nmol) in nethylene chloride (1 m)
was added to solution of the benzyl ester product from Exanple 1(c) (113
ng, 0.14 mmol) in nethylene chloride (1 m). The 15 m xture was stirred at
roomtenperature for 2 hours. Analyt®dal HPLC showed {\Rovembit 2002as
conpl ete. The reaction was quenched with the addition of 1N potassium
bisulfate (15 m). The m xture was extracted with ethyl acetate (100 m).

The organic | ayer S shed wi t.h brine. (15 ni dr,i magnesium syl f at e)
and concent rafeéae V\gﬁg@@%wé?ﬂ 8%‘?3‘6@95‘?6 %'sﬂﬁs}&gﬂwipﬁ@rﬁ’lw (silica
Purification . 0% I t e 113 ny
of the desire &bpoﬂ? %@%’?%?#%QHI*H%éﬁ%}fﬁa‘?e%ﬁe%%t&ﬂlﬁjo?ggg@é .o 1639

cm 1. 99 150¢/deeaminedl). 2IR 2fitm} 1776 3800 M S1BN0. HNIAH)~,808. £00-H honochi ral )
O U O O Deprotection and purification of the product frompart (e) (113 ng,
0.14 mmol ) according to the procedure of Exanple 19(c) gives 33 ng of the 5
desired pré)du t as a white solid. Ms (MtH)+ 453.3, (MH)- 451.5; IR (KBr)
1790 cm1,°16%®% cm 1. Exanple 31 NFiHO vy,,,. CO2HO--CGC( CH3) 30 O

(honochiral) 10 a) o ~ o Clyfscrtoog—- C (CH3) 3 Fol Il owi ng the procedure of
Exanpl e 22(a) through (c) ggt ubstituti rg)a?}_xert-butyl carbonyl chloride for
[ ,

the tert-butyl acetyl chHoN ﬁdi A~T5%. the desired product was
obtained as a pale brown solid. IR (fil 1733. 2, (perechizad .
- N
TN NND)
0

Concentrated HCI (20 pl. 0.24 mmol) was added to a solution of the
product from step (a) (54.8 mg, 0.068 mmol) in dioxane (3 ml) followed by
10  10% palladium on carbon catalyst (50 mg). Hydrogen gas was bubbled
through the reaction mixture for 5 minutes and then the reaction mixture
was stirred under hyvdrogen gas for 1.5 hours. The reaction mixture was
then filtered through Celite® which was then washed with two portions of
dioxane and three portions of water. The combined eluent was lyophilized
15 to give a white powder. Purification by preperative HPLC (reverse phase,
methanol, water trifluoroacetic acid) provided after lyophilization the
desired product (21 mg). IR (KBr) 1776 cm*!; MS 452.4 M + H)*, 4504 M



100 15 November 2002 b) O CH2 _ ~ C NIl~r~. O--CHyOCN~VN OO~ N - CC
( CH3 ) 3 OTriethylamne (24 ng, 0.236 nmol) and 4-di nmet hyl am nopyri di ne
(8 - 10 crystals) were added to a solution of the benzyl ester product from
5 Exanple 1(c) (90 ng, 0.157 mmol) in nethylene chloride (1 nm). A solution
of the product frompart (a) (59 ng) 0.236 nmol) in nethylene chloride (1
m) was added and the nmixture was sti@®ed at OC for 395Wdvehaserfo2ovned by
stirring at roomtenperature for 6 hours. The m xture was then evaporated
in vacuo. Purification of the residue by flash chromatography 10 (silica
gel) 0 - 30% ethyl acetatel Hexane) gave 89 mi of the desired product as a
colorless. MBS ?69.4 (MeH)*, 767.6 (MEXampleldsi|n) 1785.4, 1733.4, 1679. 4)
1635.9 cml1l. ¢c) . NHHOO H2ZN~- H*/ i~,,. CO2HO ~~N--C C( CH3 ) 3 O
(homochiral) 15 The product frompart (b) (87 ng, 0.11 mmol) was

deprotected and worked. up ag.descooed i n Exanpl : ive 10 ng of
the desired product as a v@j\te zo ,d 1yo 'hate.e(@@%l%%(l H) *, 409.5
(M1~"; IR (KBr) 1788.CH 74X 0 cm"l.——ﬁgf 15 Novenber 2002 Exam ~~le 32
The product of Exanple 21 wa$ al so freppred,as fegFlaws: a) p ~ o (H3C?
3GO-Cl~1~ -C~-C (CH3 ) 3 5 A sopttr &lter yl i socyanate (10.28 g,
103 mol ) in nethyl ene chloride (20 nl) s added 2 mnutes to a
solution of tert-butyl-1piperazine carboxyW ate (9.4, 49.2 mol) in

nmet hyl ene chloride (40 m) at OC under nitrogen. After stirring the
reaction mxture at roomtenperature for 2 hours, the reaction m xture was
poured into hexane (60 10 m ). The resulting precipitate was coll ected by
filtrati o and) washeaphthvimesthvéisomyamatene chloride (2:1) (2 a 50 m). The

conbi ned el uent was concentrated to approximately a_ 20 m_ vol une and the
precipitate that for 1%§£EBP$W6(3 ing tolueng. iSom ) V/&§I4é]dltﬁfgwéﬁbve and

TS M bt R DI
Ct CH3 3 Tri i c.aci 2 . ;
R )5 TELHOL SRS 5010k 5, B R SRR LR AR et ot

et hyi ene chl gridipis 2wt veaftioR uideiEwil hEQAN: B RRThRIMA. Tkt Ur e vas

stirred at 0C 20 m nutes an room tenperature ours. The

reaction 10 xt yiiRtwyRswhs assibé to edorh @empeeaitat, 410 thakdlvend wilisl rebedredi t h
et hyl acetateaﬁéoo m) and water (200 m). Wile vigorously stirring the 25
bi phasi ¢ m xt restfiungrw Ay dtiorddiwithasben (ple ok forvis madutes andpltesed.unt i |

the pH of the ous phase was aboyt 12. The organi hase, was separ at ed
Wi th an addi t RACRR AR COICCRITLGT ta.GV4 the CopRe RFaduckghich was putitied
by flash chromatography (silica gel, methylene chloride) to give the desired

product (518 mg) as a colorless oil. IR 2260 cm-!.
15
b)

P
@—cnz-o—-c-rx

0
il /L i, CO2 -CH2'©
@_CHg—o—c-N NN —T
H H
H
< N\"/N Q
° W

Sodium bis (trimethylsilyl)amide (1.0 M in tetrahydrofuran, 300 ul,

20 0.30 mmol) was added dropwise to a -78°C solution of the benzyl ester
product from Example 1(c) (144 mg, 0.25) in tetrahydrofuran (3 ml). The



102 15 Novenber 2002 conbi ned organics were dried over sodium sulfate,
filtered and concentrated to give 11 g of the desired product as a white
solid. ¢) u~"~101 HCL G V -C-NC(CH3)3 5 A solution of the product
frompart (b) (about 11 g) in nethylene chloride: acetonitrile (1:1, 40 m)
was added dropwi se over 10 mnutes to a solution of phosgene (20%in
toluene, 70 ml, 132 mmol) at OC unde®bnitrogen. Trietygwiadamee(3War ) was
t hen added dropwi se over 5 minutes. The reaction m xture cvas then stirred
at roomtenperature for 2 hours 10 The reaction m xture w as transferred

DN tio (o o gt ey afiett £ ElkoF 3 B oo bOlsBiob AR BN o e
and concentrajgdybfase mlﬂngwo%blm d!iirf%eg%}inﬁ}oﬁﬁaﬂ(gﬁgb% p.ggﬁ&hy

(silica gel, O to 50% et hyl" acetate 1n provi

desired pr odugéactidn fHixburel wid Slilfredt G8°€ {69 4n @dditidbndl- 40lmrmﬁtes The - CH ~
~Vv-HHI »" OHON-V -CGNCCH3)3 0 The carbanoyl chloride product

from part (c)r¢actionywasgiuenshed by thei aéldwbamf AN ptassivim bisalfater(id mixand

di met hyl ani nogyri dine (225 wer, e d to a solutjon,of the bepzyl ester

product fp%) %@Pét“f%ﬁa %%Ctg‘ivﬁt Vis“ﬁ%??i rfion‘ﬁph RerregRi%r i de (50

m) at roomt gnﬂg r H ction m xture
at room tenpe? tug% e ¢ ours H@g&ﬁ onatlrl'letg)%r% |105;1i§1ngfﬁ{gﬁe°(’§€| d chloride
product from Iﬁi’ééne(s(iv)miétﬂfaté firtetdd and chhdeichatedth ?ive( 183Mng of cHBE) Were
added. The reaction was stirred for an additi onal hours. The reacti on was
diluted with prdadGetiss hiyeBowanil. 2Bafificesiandy(chromptegraphpésiticad®0 + 8%t i on

m xture was Ioa}(ljed ont Si | | ca cob (wetted with hexane) for
purification EyY} %gq;a ¥R Faxp e &sved@@%@tma@a%@ﬂweMI ﬂa?e%he) to

provide? f rE9gP 4 t 2 (MH'" . 5 ¢e)
CO2H ~i i ~1 2%“% %Rdm %R‘{{@gﬁ?"é%n %7362%“( ﬁiﬁ%‘%wﬁan Water (50
m), concentr a4 ed HCL (0.8 nil. 9.6 mmol ) and 10% pal | adi um on car bon
catalyst (?.~ 0, 50% water content) were added to a 10 solution of the
product from part (d) (N?I'EGB@OOIQ 57 mmol) in @iomsaner&iP5 nm) at room

t enper at ure under ]{1 e by4; ogen,@@s bubbl ed through the solution for
30 minutes and ther% eactio ‘mgstl rred der hydrogen (1 atnosphere)
for 11 hours. The reaction was fliltéredghro a Celite pad which was
washed with water (about 100mL)ZUnT sht, |5 could be detected in
the eluent. The solution was ffozen a | yophi kd to give 4.5 g of a
white solid. Purification by HPLC (r Kerse phaxe; nethanol) water,
trifluaroacetic acid), subsequent |yophilization, filtration throu

pol yvi nyI pyri di ne wAtthixtureoftheipts ust s sterafid 11nhmie. onkﬁ)mmﬂialtl‘gd'ml
proved 3.3 g of _the deS| red S)rocqué as a val um nous Wmote olid. M5 426.2
20-(M + H)+ 434 411<9+ mymol), paliagipm qwarfmqata}aﬁaKlOéaPng)lerdmxane
C~sHs~ N70~ 5& C, cﬁﬂ 7.58; N, Zlg % 23.14 Epun C, 47. 58,
H 7.37 N, 52 1 @m wgggt:ge 9g%gydrgg@§ atmosphere (hydrogen balloon at Foom

temperature for 1 hour. Analytical HPLC indicated the completion of the

reaction. The reaction mixture was filtered through a Celite® cake and
concentrated to give the crude product (68 mg) which was purified by
reverse phase preparative HPLC as described in Example 1(e) to yield the

20 desired product (37 mg) as a white powder. MS (M+H)* 398.2, M-H)
396.4; IR (KBr) 1780 cm-!, 1670 cm-!, 1541 cm-i.



Exanpl e 33 NHCF3COOH COZH (honochiral) 0 0O ~NCCH2 0 a) Il /'-~ - o/~ (H,
C) 3COGCGNNGCCH ~.15 Follow ng the procedure of Exanple 23(a) but
substituting phenyl acetyl chloride for the 3-phenyl propanoic acid chloride,
t he desired conmpound was obtained as a yellow solid. b) 0" HN NN-- C
CH2-( <J ) 10 "--rr A mxture of the product frompart (a) (2.68 mmol),
trifluoroacetic acid (10 ml) and nmet 4 ene chloride (19 N8vbmes 20bpr red at
roomtenperature for 90 mnutes. TLC showed the conpletion of the reaction.
The sol vent was renoved and I N sodi um hydroxi de solution (10 mM) w as 15
added. The m xture was extracted wth ethyl acetate (100 m). The organic

solution was washed with brine (20 m )Examplg Idmgnesi umsulfate), filtered
and concentrated to give 536 ng of desired product as a colorless oil which
was used without further purification. IR (film 1630 20 c) o ~..~ o ¢ 1-
c- ~N-c- cHz 105 15 Novwgsdigiy 2002 A mixture of the product from part(b)
(113 ng, 0.55 mml) and ytle hyi 9m ne H ,1) in nmethylene chloride (1 n)
was added to a sol uti 8NOf Myhosgeh 1 20% in toluene) in methylene
chloride (1 rri) at 0C. The'resultaht fixture was stirred at OC for 2 hours
and worked-up 5 according to the ur f anp 23(c) to give ?4 ngy
of the desired product as a yell &w soli HRCYT i 5cml, 1645 cm1l. d)
OCH2 O CNQ2CH --~Q ~~~~,,.. O &N N NON CGCH2 0 ~ ~, ~//

O Triethylamne (34 ~1), 4-dinmethylam nopyri dCRECH30 rgpmacidizall)0 sol ution
of the product frompart (c) (74 nmg. 0.28 mmol) in nethylene chloride (2
mM) were added to a solution of the benzyl ester product from Exanple 1(c)

&t Toom ter gr?t'ﬁ'r) oflgrine f preceduin b ExtipTe th'sﬁ&?%ﬁ%fiégﬁéfwfwred
reaction W as_O7Dlekfandiier bRBRH A0, MASAHERRDS L Hdthddie 184U (g1 Of

1N pot assi um s ure was extr etate
(100 m). The q&mé@bb&n@rdememﬁﬁdwﬂk@;suegnme‘a lmxaﬂbneeg(w rmneSI um
sul fate) and concentrated to give the crude product as a colorless oil.
Purificati on uslesirefllprsiuctwasabtajnaphJR(EBr) 156%cet hyli67dnt-at and@832e)

gave 73 ng of the desired product. M5 (MtH)+ 803.4, (M20 H- 801.5; IR
{film 1785 cmem ,1M§3(1\éﬁﬁ%4%@/é3 cm1, 167? cm1, 1640 cm1. 106 15

Novenber 2982 e) CF3COOH H2N N~~~'~~ CO2H
Example 16
NHeCF3COCH
HoN 1}\%/\///,‘.‘ CO-H
l H :
4L_N\r N\(@ (homochiral)
0]
Y CH-CH;

a) R-(+)-1-Phenvipropvlisocvanate
15

A solution of phosgene (20% in toluene, 5 ml) was diluted with
toluene (10 ml). A mixture of R-(+)-1-phenylpropylamine (640 pl, 4.40
mmol), triethylamine (1.03 ml, 7.4 mmol) in toluene (5 ml) was added
dropwise. Another 10 ml of toluene was added due to the difficulty of
20 stirring. The reaction mixture was heated at reflux for 2 hours. TLC
showed the completion of the reaction. The solvent was removed and the

residue was stirred with ether (50 ml) for 10 minutes and filtered. The



O ( honochiral. ) /~ 11 ~~NCGCfi~ ~/0 O The product frompart (d) (6 r ng,
0.83 mmol ) was deprotected and wor ked-up according to the procedure of
Exanple 19(c) to give 5 ng of the 5 desired product as a white solid. M
(112+H)+ 440.2, (Ni-H"' 443.4; IR (filnm 1782 cm 1, 1677 cm1l. Exanple 34
HHCl H2N~ H ~/ i.,, CO2H 101 ~N--COCH OO0 (honmochiral) 10 a) O~ 0
~'"~d-CG ~ ~--C0-CH Followng t§8 procedure of Bl ember Cap2t hr ough
(d) but substituting cycl ohexyl net hanol for the cycl ohexanol in step (a),
t he desired conpound was obtained as a yellowoil. TA (film 1743 cm 1,
1702 15 cm 1. ﬁlﬁrﬂelvvamncéﬂﬂ'ated)to givhl tE8 2r@dsproduet which @3- fGrifidd B - - CH-H
g~~001Z NNGO-CH2 ~~~/0 107 15 Novenber 2002 The product from
part (a) is rgﬁ%%kbﬁhwmﬂwtﬂéfﬁlﬁa &Qt@b’l%ed‘é’&‘élﬂd@rf@rﬁl@@a?hﬂ desiyed)

according to the f Ex i,ve the desired product as
a colorless 0|?r°d%ﬁ9,(;i§ q%?or eﬁ?é"@ gslge%%ﬁzl Ig1680 cml) 1639 cm'. 5 ¢)
'~ THHCL H2N~ HM/'i, COZH O - C-OCH2 0 0 (honochiral)

5 b)
NH«CF3;CO0H

HgNJLN/v /"'., CO,H
H I
Y e N
o ‘\r YQ

~ CH,CHj3

{homochiral)

Following the procedure of Example 1 but substituting R-(+)-1-
phenylpropylisoc_vanate'for the benzyl isocyanate in step (d) followed by
10 the deprotection and work-up described in Example 1(e), the desired
product was obtained. MS (M+H)* 376.1, 2M+H)* 751.2; IR (KBr) 1780

cm-l, 1670 cm-!.

Example 17
15

NH »CF3COOH

BN SN COzH '
H ‘ H (homochiral)
— N
A
0

a) 2-Naphthvimethvlisocvanate

AN

A drop of dimethylformamide and oxalyl chloride (1 ml) were added
20 to a solution of 2-naphthylacetic acid (840 mg, 4.5 mmol) in methylene .
chloride (15 ml) at room temperature. This mixture was stirred at room
temperature for 30 minutes. The solvent was removed and the residue

was dissolved in acetone (15 ml) and cooled to 0°C. A solution of sodium



The product frompart (b) was deprotected and worked-up as described in
Exanpl e 21(d) to give the desired product as a white solid. M5 (M-H) +
4f17.3, (MH- 4G-.~: IR (KBr) 1778 cm1, 1541 cm1l. 10 108 15 Novenber
2002 Exanple 35 HCL OH N N~ ~'"", [O" D~ C2H5 HO ~N-N-C(CH3)3 0 ~ ~/ HO
(honochiral) a) OCH2 O C_ N. 0 GCOCzHs O( V}--CQiTOCGNNF HI NHO
Cesi um carbonate (14 ng, 0.042 nmol )68as added to a s&iNs@shBES 200N of the
azetidi none product of Exanple 1(b) (40 ng, 0.083 mml) and i odoet hane (27
~.1, 0.332 mmol) in dinmethylformam de (200 ~1) at roomtenperature. After 3

hours) the reagiiien700 xig rd masolpi watér010tnhOvhehdeed Theyredcticehitk@raand
wat er containing a snmall anmount of sodiumthiosul fate. The organi c phase

was isol at ed; wasstitred fir hminutescatSSdl amd vlasdhedaowred éutooy srixtungrdsi um
chr ot ogr aphyich SEEF S b CRebiad Y. aBd; peEs WD, Tos BiEssleRbaso. ¢ N
C O @k O R, 'se%ﬂ'éteg,- wgg“ﬁem%ﬁﬁe,v driedanaGonctirared teS ml.
5 Chloroform (5 ml) was added to the residue. The resultant solution was

added to chloroform (10 ml) at 80°C dropwise. The mixture was heated at

reflux for 1 hour. The solvent was evaporated to give 680 mg of crude

product. Purification by chromatography (silica, methylene chloride) gave

342 mg of the desired product as a white solid. IR (neat) 2355 cm-!, 2336

10 cml, 2267 cm'l.

b)
NHe CF;COOH

HaN” TN % COH
H | . (homochiral)

— N

oY

o)

Following the procedure of Example 1 but substituting 2-

3\

15 naphthylmethylisocyanate for the benzyl isocyanate in step (d) followed by
the deprotction and work-up described in Example 1(e), the desired

product was obtained as a white fluffy powder. MS (M+H)" 398.1; IR (KBr)
1778 cm-!, 1541 cm-1.

20 Example 18

NH+CF;CO0H

HZNJL NN, CO2H Q
H
Jl oD
O/ N\r(
0]




109 15 Novenber 2002 The product frompart (a) (86 ng, 0.168 mmol) and the
pi perazi nyl carbanoyl chloride of the formula 0O ~ocl - ¢c- ~-¢c- H c (
cH3 ) 3 5 (56 ng, 0.227 mmol) [prepared as described in Exanple 32(c)J were
di ssolved in nethylene chloride (1.80 m) and tetrahydrofuran (0.20 m).
Triethylamne (35 p.l, 0.252 nmol) was added fol | owed by

4di met hyl ami nopvridine (4.0 ng. 0.0340mmol ). After 484 QuiembBe2062ct i on
was concentrated and the crude product was purified by silica gel 10
chromat ography to give 71 ng of the desired product. c) HCL O [C0--02H5
H2RT Hue/ I O ~N~ -i -~y-C(CH3)3 Q p (honochiral) The product from part (b)
was deprot ected andFollowiagthp peecedige 60 Bxanigle 1pbacedbutautimg-i bed in
Exanpl e 21(d) to give the desired product as 15 a |yophilate. IR(KBr) 1788
cm 1. Eacanpl és@yagregoskhibigbrnyl-forabe ezl Hotyanase m stdp) (dDfollowed by

~~N~C- O OH2- CH Z 200 1 .1Q 15 Ve r 2002 c.H3¢ ) 3- c- o- c-
~r~H A sol uti dRe pgﬁt@cgpgtag,dtwg&-yp ‘gg@agb Ha a(’ﬁﬁ%)é,?e)tlt.bggf%% and
triethyl am ne - ) il Ltk or ) added 5
dr opwi se over é'éargnc%ﬁags?ﬁf%%gagg u(g{:_%la lﬁsﬂéoyng’p%sejégg} &1@}%04%‘? 4.99
mol ) in tetragofuran (40 m). The reaction mxture was stirred at room

tenperature for 2 hours. The m xture was then filtered and the filtrate was

concentrated to give crude product as a _colorless oil. ' Purification by
flash chromat ograph~ (5% 2 |1°' ammonia in 10 net hanol i met hyl ene chl ori de)
gave 410 ng of the desired product as%m&ll@ss oil. IR (film 1691 cm 1.

b) 0 ~o( H3C) 3- C O C NNH C O CH2- CH( CH3 ) 2

Di i sopropyl ethylam ne (380 ~,1), 4-dinethylam nopyridine (35 ng) 15 and a

sol ution of isobut~rl chlongborjumon (242 N. 1, 1.87 mmol) in methyl ene

chloride (2 m) were added,ILto soj utioncefuthe product frompart (a) (374

ng. 1.8 t mmol) in net Wenel chlori” ). ey xture was stirred at 0C
i Th i on was, quenched with

and warnmed to room tenperature over ) £—F
the addition of water (15 m) and <upNaccor di ngeRFBFaiHe procedure

described in Exanple 28 (a) to gi Ve 508 osi red product. IR
(film 1698 cm 1. ¢) O H\~N-c-0-cH2-cH (cB3) z T pr oduct from part (b)
(499 ngy) 1.66 mmol) was treated with 25 trifluorodcetic acid (2 m)
according to the procedure ofy Exanpl @ 28(b) to

i

CH Ne=———C—C1l
a) 2f2

10

A solution of diphosgene (680 !, 5.7 mmol) in toluene (5 ml) was

added to a mixture of dibenzylamine (2.0 g, 9.8 mmol) and triethylamine
(1.2 ml], 85 mmol) in toluene (15 ml). The resultant mixture was stirred at

15 room temperature for 4 hours. The mixture was poured into 2N HCl
aqueous solution (50 ml) and extracted with ethyl acetate (3 x 50 ml). The
organic layers were combined, dried over magnesium sulfate and
concentrated to give 2.60 g of the desired product as a white solid. IR
(film) 1731 cm-1.

20



111 15 Novenber 2002 give 324 ng of the desired product as a colorless oil
whi ch was used without further purification. IR(filn) 1695 cm1. d) o ~ 0
C-CNON-CGOCH2-CH (CH3 ) 2 5 The product frompart (c) (303 ng, Z.51
mmol ) was reacted with phosgene in toluene (1.2 m, 20/) at OC according to
the procedure of Exanple 28 (c) to give 298 ng of the desired product as a
colorless oil. IR (film 173 7 cm1,71697 cm 1. e) 0 t5gvémBeN2GD2- CH~- -0
O~CHZ--OCGCNN~JH~NHO~NN i - OCH2- CH( CH ) 2 OO0 10
Triethylamne (34 N 1), 4-dinethylam nopyridine {10 ng) and a sol uti on of

t he product frbgm part (d) (62 nmg, 0.24 mmol) in nethylene chloride (2 m)
were added to solution of the benzyl ester product from Exanple 1(c) (113
ng) 0.20 nmol) in nethylene chloride (1 m). The 15 m xture was stirred at
roomterrperature@eLn' ht ,_Angl ytical HPLC indicated that the reaction was

conplete. The re 1 on s g hed with the addition 1N pot assi um
bi sul fate (15 and vvorké)d-u accqr di ng,to t heopt e of Exanple 28(d)
to give, follo QHzF De-dl-iNon, M tje desired duct as a

col orl ess oil. (MrH) + 799 1, (v H) - 797. H2N~ Ne~~' ' ~
CO2H H O (honochi.ral ) O~N~~ It Il C O - O 112 15
Novenber 2002 The product from part (e) (Ql ng, @.10 was deprotected
and wor ked-up according to the procedure of Exar’rﬁl e 19 to give 5 ng of
the desired product_as a colorless glass. Ms (MrH) + 441.3, (MH"' 439.4; IR

(filnm 1784 cm 1, 1bgsthyieming (43 uhy Kplimegkylaminopyridine (30 mg), and a

solution of the carbamoyl chloride from step (a) (78 mg, 0.30 mmol) in
5 methylene chloride (2 ml) were added to a solution of the benzyl ester

product from Example 1(c) (116 mg, 0.20 mmol) in methylene chloride (2
ml). The mixture was stirred at room temperature for 3 days. Analytical
HPLC indicated the reaction was complete. The reaction was quenched by
the addition of 1N potassium bisulfate (15 ml). The mixture was

10 extracted with ethyl acetate (100 ml). The organic layer was washed with
brine (15 ml), dried over magnesium sulfate, and concentrated to give the
crude product. Purifiation by flash chromatography (30% ethy!l
acetate/hexane) gave the desired product (95 mg). MS (M+H)* 796.1,
(M-H)" 794.4; IR (film) 1785 cm-!. 1732 em'}, 1671 cmt, 1639 em-!.

15

c)
NHeCF;COCH

HZNJL NN, CO.H

04-—- N\n/ N {homochiral)
0

A mixture of the product from step (b) (95 mg, 0.12 mmol), 1IN HC1
20 (145 pl), and 10% palladium on carbon catalyst (61 mg) in dioxane (3 ml)

was stirred under hydrogen atmosphere (hydrogen balloon) at room



NI | HCF3COOH H2N~N1/~,,,. C02H g ~ (honochiral) 0 0 a) o N C02-CH2 O ~ ~l a.,
CH 0-1C NNSHHONII0 O Sodiumbis(trinethylsilyl)amde (1.0 1VI in
tetrahydrofuran) 154 ~1) 0.15 nmol) was added dropwi se to a -78C solution
of the benzyl ester product from Exanple 1(c) (80 ng, 0.14 mmol) in
tetrahydrofuran (2 m). The m xture was stirred at -78C for 40 m nutes. A
solution of 2 15 thi ophenecarbonyl ciZori de (34 ~. 1, 953Bdverider 2002
tetrahydrof uran was added. The reaction was sti rred at -78C for an
additional 6 hours and was stored in a freezer (-50C) overnight. Analytical
HPLC i ndi cat ecbrhperatarcior @howas. damlietsl HPLE eHedtedtheirshetich was quenched
by the addition of saturated ammoni um chloride solution (5 mM). The m xture
20 was ext r accaraplete.nhThe gactioremixeire was fikerad throhgher Gelite® talsecand ver e

il tered and EoReBHAS qu?{vs@ée&suimwéﬂ%esd“ﬁﬁe&”%ﬂi‘e?ﬁ'ﬂdeaﬁ“” ki by

113 15 Novenb r (
acet at e/ hexan %ve?gggh @L@EQ@@ %E‘ts%rte Spro %Qg%d ?%gb@i I(e)d VS
(MHH) + 683 7, g{\Ms |th€de§§éd @rodl\ﬁt((wrxﬂ%)la@% w}ﬁtelpo&agﬂ MBIMIEHO488M1. b)
CFgCOOH H2N N~ honochiral) 0 v O The product frompart (a)
(53 ng) O. 07$(MPHD)43¢(1‘&% Td% r)eb't’&ﬁjcmﬁdlﬁmwamr‘ke d-up according to the
procedure of Exanp le 19 (c) to give 11 mg of the desired product as a
white powder. MS (MtH)+ 324.9) (M H)- 323.1. Exanple 38 "~ NHCF3COOH H2NJ~ N
~ ~~'"'" CO2H (honochiral) I o~/ ~/ 19 a)n

xample 20

NHCF3COOH

HN” NN % __."COzH
b H {homochiral)

——1 I\-—C—O-C CH
: \r”\_z R

3\

10

O
(H3C)3C—0—C— NuN—- l<|:—c:1
A mixture of tert-butylpiperizine carboxylate (1.0 g) and
15 triethylamine (753 ul) in methylene chloride (5 ml) was added to a
solution of diphosgene (326 i, 20% in toluene) in methylene chloride at
0°C. The resultant mixture waé stirred at 0°C for 90 minutes. TLC
showed completion of the reaction. The reaction was quenched by the
addition of water (20 ml). The organic layer was separated. The aqueous
20 layer was extracted with methylene chloride (2 x 20 ml. The organic layers
were combined and washed with water (10 ml) and brine (2 x 10 ml), dried
over magnesium sulfate, filtered and concentrated to give the crude
product. Purification by ﬂa_sh chromatégraphy (methylene chloride)
provided 913 mg of the desired product as a white solid. IR (KBr) 1680



OCH2 O CNCOx CH2- ~ ~lly. ~CHZ-OCGN~v HI 0 N~ 0 O 15 Sodium
bis(trinmethylsilyl)amde (1.0 Min tetrahydrofuran, 131 ~. 1, 0.131 nmol)
was added to a solution of the benzyl ester product from Exanple 1(c) (73.1
ng, 0.127 mmol) in dry tetrahydrofuran (2 m) under nitrogen at -?8C. The
reaction m xture was stirred at -?8C for 30 m nutes then 4-biphenyl carbonyl
chloride (29 nmg, 0.134 mmol) was addéd 114 15 NovenrBayovimiZer 2002 si ngl e
portion. The reaction m xture was stirred at -78C for 5 m nutes and then at
-15C for i5 mnutes. INHCO (1 m) was added followed i nredi ately by ethyl
acetate (3 m .JT?g %Esg}ting bi phasi c solution was stirred vigorously
whi | e war mi ng*®o’ % Penmperature. The 5 organi c phase was separated, dried
over magnesium sul fate) filtered and concentrated to | eave a light yell ow
residue. Purification by flash chromatography '(silica gel, 0-30% et hyl
acetate in heyane) gave 28 ng of the desired product. IR (film 1797 cm1;

M5 753.1 (11l +H)+. b) N 'HCF3COCH H2~~ H~/i~., CO02H (honobchiral) O 10 . The
product frompart_(a) (28 ng® 0.03 i mmol) was deprotected and wor ked- up
according to th egd -fFxanple 19(c) to_give 11 ng of the desired
product as a ly Ilate. IR (flm 1788 cmi: 36T H +, 393.3
(MH)-. 15 Ex e 39 CF3QDOH N/N\~/"~’"«. H O a) Bi phenvl acet vl

chl ori de homo CEzy @x&r i cHioride (246 |, 1, 2.8 | 1) and one drop
of dinmet hyl f ormam de were added dropw se J sus sipo. I—o——cjtéﬁ &5
Novenber 2002 bi phenyl acetic acid (30 ng@ 1.41 Y_i/n et hyl ené ¢thl ori de

(1OmM). The mxture was stirred at roomtenper@ture for 20 m nutes. The
sol vent was evaporated and the residue was coevaporated with toluene twce
to give 31 ny of Shdiumthis(tpimsetbyisilyd)amidel(l tedralfydrofuran, 180 ui,

0.18 mmol) was added dropwise to a -78°C solution of the benzyl ester
product of Example 1(c) (85 mg, 0.15 mmol) in tetrahydrofuran (3 ml). The
mixture was stirred at -78°C for 90 minutes. A solution of the acid
chloride product from part (a) (45 mg, 0.18 mmol) in tetrahydrofuran (1

10 ml) was added. The reaction mixture was stirred at -78°C for 5 hours.
The reaction was quenched by the addition of 1IN potassium bisulfate (15
ml). The mixture was extracted with ethyl acetate (3 x 30 ml). The organic
layers were combined and washed with brine (2 x 15 ml), dried over
magnesium sulfate, filtered and concentrated to give the crude product.

15  Purification by flash chromatography (30 - 50% ethyl acetate/hexane)
provided 32 mg of the desired product as a colorless oil. MS (M+H)" 785.4,
(M-H)™ 783.7; IR (neat) 1786 cm-}, 1732 cm*!, 1681

cm!, 1640 cm-!.

20 o
NH « CF3COOH

, COH
Fall 5/\/ —"] o (homochiral)
y N— O O—C (CHy )
o? NWN‘ 3)3
e




b) 0 CH2 O C N 002 CH2-0 ~CH~-"0_iC NHHI N O Sodium
bis(trinmethylsilyl)amde (1.0 hi in tetrahydrofuran, 315 ~, 1, 0.31 nmol)
was added dropwi se to a -78C solution of the benzyl ester 10 product of
Exanmple 1(c) (120 ng) 0.21 mmol) in tetrahydrofuran (3 m). The m xture was
stirred at -78C for 2.5 hours. A solution of biphenylacetyl chloride (58
my, 0.25 mmol) in tetrahydrofuran (174 ) was added. HrenbeaabEO2OMR Xt Ur e
was stirred at -78C for an additional 2.5 hours and was stored in a freezer
(-50C) overnight. The reaction mxture |5 was partitioned between ethyl
acetate (50 m) an@eprotdctiohand purifibstion GAthe pradRE MRS paeP@®) AL eh@nd
washed with brine (20 m), dried (magnesiumsulfate), fiFtered and
concentrated tascepdiag tméae:pmadwemﬁﬁ?xamlecw(mhsima A7 fmeof the désizsd

chr omat ogr aphy ilica) 20-30Q%.ethyl, ac t can t jve 22 of the
desired pxoducRrgagcraailél"‘f?*BW gl’ﬁf}’é’." rQS\&%mﬁg(ﬁ@?%;(&'g)(ﬁ%@-ﬁiﬁgfi cm1l,
1730 cm 1, 16 A 5. .Novenber 2002 c) N ' HCF3COOH H2N~H~i , , ~.
CoO2H I O homm%g%ﬁgl psi(%gécctrﬁ\?rom pairt (b) (40 ng, 0.052 mmol) was
deprot ect eg and wor ked-up according to the procedure of Exanple 19(c) to
give 11 ng of the 5 desired product as a white fluffy powder:

1~ZS: (: ~-T+H) + 409.2, (M H)' 407.2: | RExénpled282 cm~i, 1684 cml, 14 cm1
Exanpl e 40 NHHCL CO2H ° (honochiral) " NJ ~J 0 10 0 a)

4- Benzvl pi peri di nvl carbonvl chl oride 4-Benzyl pi peridine (0.5 g) 2.86 nmol)
was added to a rﬁXturt@Hr.q;Clphosgene (3.8 m of 20% phosgene in toluene
solution, 7.13 mol).|f The m xture was _stirred at OC for 1 hour. The
reaction mxture WaN B Dart 4. 8 ween ter (25 m) and ethyl acetate
(2 x 25 m). The organifc phasel was washgad. wi tih 1IN HC (1% A0,m),
saturated sodiumchloride (1 a0ynl) \fdri dr%leL_@_o il Surtate a%‘r?d
concentrated to give a yell 0w’ oi | . rN i gati ongby f ash’col um

chromat ography (silica gel, 0 - 10%gt hyl acetatel hexane) gave 0.47 g of
title product. IR (film 1733.1 cm1.

10 a)

(H3C) 3C—O—C—N/—-\N—IC—N-—C (CH3) 3
-4 H
O
Tert-butyl isocyanate (0.28 g, 2.82 mmol) was added to a solution of
a tert-butyl-1-piperazine carboxylate (0.5 g, 2.68 mmol) in methylene
chloride (10 ml) and the mixture was stirred at room temperature. After 2
15 hours, the reaction mixture was evaporated in vacuo, suspended in water
(50 ml) and extracted with ethyl acetate (2 x 50 ml). The organic phase
was washed with saturated sodium chloride (1 x 50 ml) and filtered
through a sintered glass funnel. The filtrate was dried over sodium sulfate
and condensed to give 0.53 g of the desired product as a white solid.
20 b)

BN N—C- N—C (CHy)
\/ H, 303



117 15 Novenmber 2002 b) 0 CHZ- O CN Q2 CHR-~-O0- 0~ ~ ~i~.. \ OC~--~~H
N ~~i (0 OTriethylamne (17 ng, 0.16 mmol) and 4-di net hyl am nopyri dine (6-8
crystals) were added to a cool ed solution of the benzyl ester product 5
from Exanple 1(c) (63 ng, 0.11 mml) in nethylene chloride (2 n) at OC

4- Benzyl pi peri di nyl carbonyl chloride (39 ng, 0.165 mmol) was added and the
m xture was stirred at OC for 4~ m nlRes foll owed byqgtNdvamigerd2002oo0m
tenperature for 2.5 hours. The m xture was then evaporated in uacuo.
Purification of the residue by flash chromatography (silica gel, 0 - 30%10
ethyl acetatelli ex'&he))rg!éum fﬁ@r@nﬁf(al ﬂbﬂfegl 1.6d mpmobueas agspensedanl ess

| MS 774. 2 72 (fil 1785, 1, .1732. 674. 2,
?639 3 cm 1. Eﬂge po cm&mp é ﬁﬁlzﬁf’g%lrceﬁ% d (4 ml) wag de oyer $he
duct f [; t d-
escr i bed 1 b cToé plidefilwils SR dool ordSRLELES KR q}w K uhite
| yophiiate. Mgidthfiedr éé\@'@pbrafgd‘lu{ %Jﬂ)o Tﬂﬂéﬁﬂe %Z%ass%ﬁ%ﬁ @Whter, thel8 15

Novenber 2002 Exanple 41 N ' HHCL N~ Ny ,, ~. (hormochiral) 0 a)

N- Pi peri disw| pB ddmetedctd 12 + AB aﬁldDemad:tddl‘iﬁtc(@th’&l gceb&téez mml miweBhadded to
a mxture of phosgene (4. 7 m of_ 20% phosgene in toluene solution, 8.81

nmmol ) i n net hgrgarac phres Mas Washad with saturated a@dmmrcblm@e&moeml)at oC for
1 hour. The r ctl

suspended i n BHRERS: 74 PSP FaBeUBAE SNBSS B LS SRR a
yel l ow oil. 1ge§g§%é&8@ﬁ#o‘§£é,)§{$g§ c{:ol um chromat ography (silica gel. 0 -

20% et hyl aceta xane of the title product. IR (film
1738.9 cm 1. o)

0
O o)
0 - 2

“ J\ ”"-.
@-—CHT).-O—C-g 1131/\/ '
‘ 4‘_1\n/ /U\N“'C(CHﬂ’

10
A solution of the benzyl ester product from Example 1(c) (65 mg,

0.114 mmol) in methylene chloride (1 ml) was cooled to -10°C and
triethylamine (24 pl, 0.17 mmol) was added, followed by the addition of
20% phosgene in toluene (0.15 ml, 0.285 mmol). After 90 minutes at

15 -10°C, the mixture was evaporated in vacuo. The residue was taken up in
methylene chloride (1 ml) and cooled to -10°C. Triethylamine (24 pl, 0.17
mmol) was added, followed by the addition of the piperazine product from
part (b) (21 mg, 0.114 mmol). The mixture was stirred at -10°C. After 1
hour, the mixture was quenched with 10% monobasic potassium

20 phosphate (15 ml) and extracted with ethyl acetate (2 x 20 ml). The
organic phase was washed with saturated sodium chloride (1 x 30 ml),
dried over sodium sulfate, and concentrated to obtain a pale yellow oil.
Purification by preparative HPLC (reverse phase, methanol, water,
trifiuoroacetic acid) gave 27 mg of the desired product as a white foam.

25 MS 784.2 M+H)*; IR (film): 1787.1, 1741.9, 1636.6 cm-!.



b) 0O CH2- O &GNCO2 -CH2 //rr,. ~CH G-CNI /~v N /NJ ~tOO0
Triethylamne (32 ng, 0.314 mmol) and 4-di nmet hyl am nopyri di ne 15 (10-15
crystals) were added to a cool ed solution of the benzyl ester product from
Example 1(c) (120 ng, 0.21 mmol) in methylene chloride (1 m) at OC

N- Pi peri di nyl caxbonyl chloride (46 ng 0.314 mvol) was added and the m xture
was stirred at roomtenperature for A& hours. The ni ¥EWEyamiSeit 2002
evaporated in vacuo. Purification of the residue by flash colum 20

chromat ography (silica gel, 0-20% ethyl acetate/hexane) gave 95 ng of the
desired product as a colorless gum M 684.3 (MtH) +, 682.5 (MH'; IR
(film_.1"183.9, 1731.0 cmi. 119 15 Novenber 2002 c) NHHCL H N~ N~~~'~.
CO2H 2 H ~N ~01)( honochiral) 0O The product frompart (b) (65 ng, 0.089 mmuol)
was deprotected and 5 wprked-up as described in Exanple 21(d) to give 11 ny
of the desired product JJas a“col orl ess _glass. M 326.3 (A-T+H+), 324.3.
(MH)-. Exanple 42 i R~ HNI O~ (honochiral) 10 a)
L2. 3, 4- Tet r ahvdr oi sogui n8l i nvl cdrbo vl C?.L_Q{i de ( .

1, 2, 3, 4- Tet r ahydr oi soqui nol i ne . 376 [\r;mﬁk)lq_\/\@.%cgdﬁ}eélof“@cglﬁ%a ed

m xture of phosgene (o m of 20% phosgéng_ip tol yene Sofution) 9.4 mml) in
net hyl ene chloride (5 mM) at 0OC. The § xture was stirred at 15 0C for |
hour. The reaction m xture was evaporated in vacuo. The residue was
suspended in ethyl ether, filtered and the eluents were condensed to give a
pale pink oil. Purification by flash colum chronat ograp (silica gel, O -

h
10% et hyl &cet at el Ha-ahjonyel depprogycyirom part @LE5 BE, QrQ%meol) R LA m
17353 em 1. 4ioxane (7 ml) was treated with 1N HCI (40 11, 0.038 mmol) and 10%

palladium on carbon catalyst (15 mg). Hydrogen gas was bubbled through
the mixture for 2 hours. The reacrion mixture was filtered through a pad of
Celite® which was then repeatedly washed with 1.4-dioxane. The

10 combined eluents were lyophilized to give 15 mg of the desired product as
a white lyophillate. MS 426.1 M+H)*, 424.3
M - H)~;IR (KBr) 1780 cm-l.

Example 22
15

NHe+HCl

JL 4 COoH
HaN [P\;/\/ /., -2 o

]
,C\/C(CH3)3
e N N
o? N\;r\._/

(homochiral)
0

a)

o)
0
| I N 1
(H3C) 3¢—0—C—N N— C~CH,—C (CH3) 3

20



120 15 November 2002 b) 0 CH2- O G N CO2 -CH --~O~ In,, CH- OGO G NNH
HI NN OO T Triethylamne (20 ng) 0.2 nmol) and 4-di net hyl am nopyridi ne (8
10 crystals) were added to a cool ed solution of the benzyl ester product 5
from Exanple 1(c) (77 ng) 0.135 mmol) in nmethylene chloride (2 m) at OC
1,2,3,4-Tetrahydroisoquinolinylcarbon¥l chloride (39 ng, 0.2 mmol) was
added and the ni~ rture was stirred @ room tenperat uNpEMbBeP 2002rs. The
m xture was then evaporated i ~a vacuo. Purification of the residue by flash

| h Ry, (sl . 0y = 30% et hyl | 10 66
T of the dosired pRoEHREoRSt ITHT-Laberen rerpaS BE (g L opsgmel

(MH-; IR (fi ) 9C XH Vi, ,,
C02H H2N H | I\fnlr%ﬁ%%?@n%hcg%%%? %Fﬁ%ﬁ?’%@;@@ﬁﬁﬁ Pé)r?f’%"}(é?b) (65 ny,
0.089 Mol ) wasthyéamhecd.ad L 3RIBI6eY anl AdiHedslibesbpyRidika3d ;d)9(c) to
give 33 ng of the desired product as a white foam 11~I'S 374.2 (M+H) +,
el ] ety afed ToBoes Bebenadiian of g sorshiende OB o
~~' ' = ~ onochiral | a - ~C
C02-CHZ || %L | 26§ mymolrpper Hrugutey %hﬂnm@uw VRS SUisEH Ynd C for 2 Bours.

ves acdea or optr 56 08 Sowratt itfep AL b ot el o
Exanpl e 1(¢) (&hyltcethtdGomm )nn'.th@bfgme'iélve&-&ﬁ@éﬁwﬁghé(ﬂﬁi@l%ﬂm gt ur e

was stirred at -78C for 1 hour. Phenoxyacetyl chloride t was a

The reaction nmi),ulréedveserssddinedsulfate 43a dondeaseditdgive @163 20f thedésisedind
was stored in a freezer (-50C) overnight. Analytical HPLC indicated that

the reaction warodwat asonpihitecgplidandt 85-Q4M~ﬂl¥)6f phenoxyacetyl chloride

was added ﬁpd we m xture was stirred at

0
/N
HN N~—C—CH,—C(CH;)3
e/

The product from part (a) (0.7 g, 2.46 mmol) was dissolved in

methylene chloride (7 ml) and trifluoroacetic acid (4 ml) was added over 1
minute. The mixture was stirred at room temperature. After 1 hour, the

15 mixture was evaporated in vacuo. The residue was dissolved in water, the
pH was adjusted to 12 - 13 and extracted with ethyl acetate. The organic
phase was washed with brine, dried over sodium sulfate and condensed to
give 0.218 g of the desired product as a pale yellow oil. MS 184.9 (M + H)*.
c)

i

C1—C—N  N—C—CH,—C(CHz)3
20 /

A solution of the product from part (b) (109 mg, 0.59 mmole) in
methylene chloride (0.5 ml) was added to a mixture of phosgene (0.79 ml of
20% phosgene in toluene solution, 1.48 mmol) in methylene chloride (2 ml)
at 0°C followed by the addition of triethylamine (82 pl, 0.59 mmol). The
25 mixture was stirred at 0°C for 1 hour. The reaction mixture was then
partitioned between water (25 ml) and ethyl acetate (2 x 25 ml). The

organic phase was washed with 1IN HCl (40 ml), brine (50 ml), dried over



15 78C for an additional 3.5 hours. The reaction m xture was quenched by
the addition of water (10 m). This was extracted with ethyl aceate (3 x 20
m ). The organic |ayers were conbi ned and washed with brine (2 x 10 m),
dried (magnesiumsulfate), filtered and concentrated to give the crude
product which was purified by flash chromatography (silica, 30% ethyl 20
acet at el hexane) to give 65 ng of the/8esired product @sNave@ber 2e82 oil. M
(Ml -~+ ?207.1, (MH- 705.4; IR (KBr) 1798 cm1, 122 15 Novenber 2002
1640 cm1l b) NHHCIL HN  H-~~"~ C02H 2 1 gbhormchi ral) O The product tom
part (a) (63 wgdivonGadfaterand cordensegtogtes adraws @l vBukifidatipn &y fibesticr i bed
in Exanple 2i(¢d) to give 31. of, the desired product as _a white powder:
MS:  ( MeH) + 34@%6?“1(5‘1‘%@!15‘1’ %%gga gel PR 9(%3?5*13%8%&?% exane) §a¥pml0 mE®i9 cm ' .
Exanpl e 44 10 ~'"'"~ CO2H (honochiral) N _ _ 0 S02 a)

4- Bi phenvl sul F%ﬁ%ﬁ?&%sm furyl chloride (392 ~. 1) 4.74 mmol) was
added dropwi sgyto a OC suspension of triphenyl phosphine-resin (1.58 g) in
nmet hyl ene chloride {10 15 nl). A solution of 4-biphenyisulfonic acid (400
ng, 1.58 mmol) and triethylgmne (220 pl) in nmethylene chloride (5 m) was
added. The m xt ¢ ARG, SIhLpeff at roomtenperature for 6 hours and stored
at 5C for 3 day hi's "wag, fib!LEered and the filtrat er_@evaporat ed. The
resi due was co orated wt ol,uaqe/twi,,ce t pCH2 VL rude product as a
white 20 sol i df rqlﬁf‘&ffs(‘)g of Nt he “¢r ude[profuct by chronat ogr aphy
(silica, nethylene chloride) gave 3.80 ngjof the tytte product as a white

solid. 123 b) 0 ~CHZ-OCGNO ( Vt-- ( NIS N H Novenber 2002
o C(CHz)3
) 0

5

The product from part (c) (70 mg, 0.122 mmol) was dissolved in
tetrahydrofuran (1 ml) a}nd cooled to -78°C. Sodium bis
(trimethylsilyl)amide (0.15 ml, 0.146 mmol) was added over one minute
and the mixture was stirred at -78°C for 1 hour. A solution of the benzyl

10  ester product from Example 1(c) (36 mg, 0.146 mmol) in tetrahydrofuran
(0.5 ml) was added and the reaction mixture was stirred at -78°C. After
2.5 hours, the reaction mixture was quenched with 0.5 N potassium
bisulfate solution (25 ml) and extracted with ethyl acetate (2 x 25 ml).
The organic phase was washed with brine (1 x 50 ml). dried over sodium
15 sulfate and concentrated to a yellow oil. Purification by preparative HPLC
(reverse phase, methanol, water, trifiuoroacetic acid) gave 21 mg of the

desired product as a colorless oil. MS 783.4 (M + H)*, 781.3 M - H)".

e)

NH.HCl

“, CO.H
HoN g/\/ § —'r lCI) {homochiral)

')——WI\K \g~C~—C (CHa) 3
0 \—/

20 o




C02-CHz---~1~,,, N-S02 ~ 1 ~ 1 O Sodiumbis(trinethylsilyl)amde (1.0 M
in tetrahydrofuran) 255 u.l, 5 10 15 0.26 mol) was added dropwi se to a
-78C solution of the benzyl ester product tom Exanple 1{c) (95 ny, 0.17
mml) in tetrahydrofuran (3 m). The mxture was stirred at -78C for 40
m nutes. A solution of 4biphenylsul fonyl chloride (64 ng, 0.26 nmol) in
tetrahydrofuran (I m) was added. Th&9reaction was stig N@dembefzemfor an
additional 20 minutes and was stored in a freezer (-50C) overnight.

Anal ytical HPLC indicated the reaction was conpleted. The reaction was
guenched with the addition of 1N potassiumbisulfate (20 m). The m xture
was extracted vmtthe pyeduct dram @arp (4 was degrotqqted@nglanoﬂ&elday@as wer e

conbi ned and wi th brine om ried e5| Ifate filtered
and concentra %?fr’c ddﬁrgxqrﬂ%le&]géét%gﬁﬁdgt ﬁ%ﬂaﬁ&es‘ég é’r9 WFtRT Biwhite
Purification y ol 130%

et hyl acet at eﬁ{]g%gﬁg g%ﬁ‘é%/'g%“{? 4% @ISII Ier ggﬁ?f'fzgé ZHC%C%PI ess oil.
M5 (MtH) ~ 789.0. c¢) CF3COOH H N N~~~'~~ CO2H 2 H (honochiral) N - O\S02 20
The product frompart {b) (70 ng, 0.088 mmvl) was deprotected and worked-up
according 8o the procedure of Exanpl Eifmplet2d@ give 17 ng of the 124

desired product as a white fluffy powder. M5 (MtMeOH+H) ~ 463. 2, (M-MeOH H)'
461.5; IR (KBr) 1773 cm1, 1665 cml, 1595 cm1l. Exanple 45 5 trans-3-(3-f

(Am noi m nomet hvl ) amgold.egyk! - 2- oxo 15 Novenber 2002

4- (2- phenvl et hyl ) - N- henvl rret hvl ) eti necar boxam de) nmonohvdr ochl ori de
NHBC1 Il r. w 1 gHRN S eOlOa)0~. (~ & 3 QHH
cf:--~ A solution of tfans-4- ( - phenyl ethenyl !3 [3-[N r("”ﬂ? 1Fbllrsa'((,)arbo 15

Oé"_NYN N~C~—(CHa) 2 —-@

a)
0
0 .
(H3C) 3C o—'c‘:N N (CH“‘@
3 3= - —_—l= 212
\_/

N,N-Diisopropylethylamine (560 pl), 4-dimethylaminopyridine (33

10

mg) and a solution of 3-phenylpropanoic acid chloride (400 pl, 2.69 mmol)
in methylene chloride (2 ml) were added to a 0°C solution of tert-butyl-1-
15 piperazine carboxylate (500 mg, 2.68 mmol) in methvlene chloride (4 ml).
The mixture was stirred at 0°C for 2 hours. The reaction was quenched
with the addition of water (20 ml). The mixture was extracted with ethyl
acetate (2 x 50 ml). The organic layers were combined and washed with
brine (2 x 10 ml), dired over magnesium sulfate, and concentrated to give

20 872 mg of the desired product (crude) as a yellow solid. MS (M+H)" 319.1.

b)

(@) L W S
2127 M 3



20 benzyl oxy) guani di ne] pr opyl J- 2-azeti di none (130 ng) 0.2 mml, prepared as
described in Exanple 3 of Han U. S. Patent 5,037,819) in tetrahydrofuran
(1.5 was cooled to -78C under an argon atnosphere. Al Msolution of

sodi um bi s(trinethylsilyl)am de (0.21 m) in tetrahydrofuran was added and
the m xture stirred for 15 m nutes. Benzylisocyanate (40 ng, 0.3 noral) was
added dropwi se and the nixture was a8®owed to war m t 015 Novetdep&082ur e and
stirred fox 1 hoax. The reaction was diluted with agueous 10% pot assi um
hydrogen sulfate solution (10 m) and extracted with ethyl acetate (3 x 10
m); the conbined organic phase was washed with water (25 m ), brine (25

m ) and dried over sodium sul fate. The sol ution was 125 15 Novenber
2002 filtered and the solvent evaporated to give an oil. The residue was
purified by flash (A)mmtur@mfcthatwgdapr@dt(csﬂam@,ar‘e(athG&m &.68 malhe, 2:3)
yi el ding 69 uct, as a_col or| ess oil MtH) + 6?4. 5

the desir M5 (
b) traps-3-f3 fﬁiﬁ%@% mﬁmﬁﬁq%rawwne oblgrisles10 ml) was stirred at

2- phenyl et hyl ) I ) m de nohvdro de A
sol ution of the pr o%&%t\{' &rrll%%alr% @é;’ff@%ﬁ%@ﬁéﬁi rﬁ‘?ﬁ)ﬁl ﬁs&%’fiﬁt} 5 m )
cont ai ni ngsaqugpitht WhdkdméPed andlIN muﬁpﬁfwﬁd;&@&s&mﬁ% A8 EpWaN Cat al yst
was stirred under a hydrogen atnosphere for” 2 hours. The reaction was
filtered and |laddeHi ITirenhixinrgiwas éftragredfwithethyl dcedater@Q00ahl)aghe col orl ess
solid: mp. 145 - 154C(dec). M5 (MtH) + 408 IR (KBr) 1761 cm1. 15 Exanple

46 traps- 3- (3cpmmpﬁ69ﬁs%mﬁ@9hw9ramaﬁm WIER engm mlldsied over
4-( 2- phenvl et hvl -.azetinecar, oxamd m)nohvd chl.ori HC 2N
T oLt peagaRat s RER it Dt conbapatad o e 38 g RS agbired )

—~OI1CNH1 ?Eut S%&Z 9ello€v25il %ﬁ?mg%éd%%%mf%%%ﬁ@at% peedure of

Exanpl e 45(a) tirtuting
10 IR(film) 1633 cm-!.

c)
0 o
@—(CH) |cI: N N g cl
2127w -l
N/

A mixture of the product from part (b) (200 mg, 0.92 mmol) and

15 triethylamine (154 ul) in methylene chloride (4 ml) was added to a

solution of phosgene in toluene (584 ul. 20%) at 0°C. The resulting
mixture was stirred at 0°C for 20 minutes. TLC showed the completion of
the reaction. The solvent was removed. and anhydrous ether (50 ml) was
added. The mixture was filtered and the filtrate was concentrated to give

20 the crude product as a yellow oil. Purification of the crude product by flash
chromatography (50% ethyl acetate/hexanes) provided 235 mg of the
desired product as a yellow oil. IR(film) 1741 cm-?, 1703

cml,



met hyi i socyanate (23 ng, 0.5 mmol) for the benzylisocyanate, the desired
product (80 ng) was obtained as a colorless oil. M5 (MtH)+ 598. 5 b)
traps- 3- ~3-1 (Am noi mi nonet hvl ) am noi propvl | N-net hvi - oxo

4- (2-yhenvl et hvl | - 1-azeti necar boxam de. nonohvdrochl ori de The product from
part (a) (?? mg, 0.13 mmol) was deprotected and worked-up as described in
Exanple 45 (b) to give 42 ng of the 8iltl ed 10 product1g@qNcveaerrd0@es solid;
mp. 138 - 14G (dec). M5 (M+tH)+ 332; IR(KBr) 1761 cm-l. N IHHCL H2N~ H ~\/

15 a) Exanple 47 i i~, ON-Ili - CH3 O[Chiral(+)] 0 11 O ~-- cHL- o- c-
N cH=cH--~-O0 CH- O G HHNHO[Chiral(-)]
traps-4-(2- Phéhyl et henyl )-3-[3-[N ~ , N ~~ -bi s(carbobenzyl oxy) gua

ni di no] propyl)-2-azetidi nong was separated into enantionerically pure (-)

i soner and (+) i,sqnmer on a i ral pak- AD prep-colum eluting with 20 30%

2- propanol | hexacmi-?-Q-SCNNvenber 2002 b) 0 CH2- O .G N CH=CH- O ~

~in.. O--CH--0-"CNHI & CI-BOOASO|U'[I@(5](8H

chiral (-)- trar@__(&{pr@_nﬂﬁ RYTINGST 4

bi s(car bobenzy )guanl di ng] pr @pyl ] - 2-aze¢tid none 216 ng, 0.40 ) 51in
tetrahydrofuran {2.0 m) was cooled to -7 der ‘%{Hgﬁ A 1M
sol ution of sodiumbis(trinethylsilyi)an®de (0. ef ydr xan
was added and the m xture was stirred for 15 moputes. Acegtyl chloride (32.2
ng, 0.41 mmol) was added dropwi se and the m xture was warned to room

temperature and st iSodednd Wis(tkiiethylsilyiaZiga¢ct. omzﬂve@créﬂy&hokwaeﬁ 29044,
aqueous 10% pot assi um hydrogen sulfate solution (10 m

0.21 mmol) was added dropwise to a -78°C solution of the benzyl ester

5 product from Example 1(c) (100 mg, 0.17 mmol) in tetrahydrofuran (2 ml).
The mixture was stirred at -78°C for 1 hour. A solution of the product
from part (c) (58 mg, 0.21 mmol) in tetrahydrofuran (1 ml) was added. The
reaction mixture was stirred at -78°C for 2.5 hours. Analytical HPLC
indicated that the starting marterial was not completely consumed. This

10 was quenched with the addition of IN potassium bisulfate (20 ml). The
mixture was extracted with ethyl acetate (2 x 30 ml). The organic layers
were combined and washed with brine (2 x 15 ml) dried (magnesium
sulfate), filtered and concentrated to give the crude product. Purification of
the crude product by reverse phase HPLC provided 32 mg of the desired

15 product as a colorless oil. MS M+H)* 817.1, (M-H) 815.4.

e)
NH «CF3CO0H
AN, CO;H
HaN I:\{I ‘ o (homochiral)
| /Nl
04 N\'( N N—C— (CH;) 2—-@
O
20 Deprotection and purification of the product from part (d) according

to the procedure of Example 19(c) gave 10 mg of the desired product as a



and extracted with ethyl acetate (3 x 10 m); the conbi ned organi c phase
was washed with water (25 m ), brine (25 m) and dried over sodium sulfate.
The solution was filtered and the sol vent evaporated to give an oil. The
residue was purified by flash chromatography (silica) ethyl 15

acetate: hexane) 1:3) to give 150 ng of the desired product as a colorless
oil. M5 (MH+ 583. ¢) N,HHO H2N L8Riral (+)] N C @siBidvientbeh 200R2ut i on of
the product frompart (b) (140 ng, 0.258 nmol) in 20 dioxane (3.5 m)
containing 1IN HG (0.3 nm) and 10% pal | adi um on carbon catal yst (60 ng) was
stirred underwhiteymhvodem MErdSHErSE Dr(M-H)od57.4THB (K 1760 cwas, X680 er ed
and Iyophlllzed to give 64 ng of the desired product ~ 28 15 Novenber
2002 as a col@®Tess solid. M (MtH) * 317; IR(KBr) 1782 cm1; [a]ln = +18 (c
= 1, methanol). 5 N IH HCz H2N~ ~ Exarrple 48 [ Chiral. ( - ) ] i ~3J 1 ON
~ - CH3 O Fol l owi ng the procedure of Exarrpl e 4?(b) and {c) but enploying 10
chiral (+)-t rans-4-(2 phenyl et henyl ) - 3 B 24 N'-bi s(carbobenzyl oxy)

guani di no] propyl ]-2-azeti di none, the oduct was obt ai ned. Exanpl e
49 HC1 HBNJ~H~~~' ~~‘ (racemate) ON Oa) 0 CH2- "G N NCH=CH--~0O~- O
~~~i~. . CH- O G NNHHOOOGOAsolution of

ci s-4-(2-phenyl et henyl ) - YN, N 15

bi s(car bobenzyl oxy) g I\YORpF P Quiietl di n e (300 ng, 0.555 mmol,

prepared as descri beg{al n Bxanpl e g@lt; 5, 037, 819) in
o-’>Cuder an_ar g sphere Al
M sol ution of sodium bis(trinet@glsi |ntet|h§ﬁ‘386 n(08n1)

tetrahydrofuran (2.5 nl) was cool
was added and the m xture stirred for m nut es.

a)

N/ \ n
{H3C)3C~—0—C—N N-—C=0CH3
N/

10
A solution of tert-butyl-1-piperazine carboxylate (0.5 g, 2.68 mmol)
in methylene chloride (5 ml) was cooled to 0°C. N,N-
Diisopropylethylamine (0.42 g, 3.22 mmol) and 4-dimethylaminopyridine
(30 mg) were added, followed by addition of methyl chloroformate (0.25 g,
15 2.69 mmol) over 1 minute. The mixture was stirred at 0°C for 1 hour. The
mixture was partitioned between water (20 ml) and ethyl acetate (2 x 20
ml). The organic phase was washed with brine (1 x 75 ml), dried over

sodium sulfate and condensed to give the desired product as a cream

colored solid (0.636 g).
20
b)
HN N E(?? OCH
s ?

The product from pa.rt (a) (0.3 g, 1.23 mmol) was dissolved in
methylene chioride (3 ml) and cooled to 0°C. Triftuoroacetic acid (3 ml)



15 Novenber 2002 Bi phenyl carbonyl chloride (180 ng, 0.832 mml) was added
dropwi se and the m xture was allowed to warmto room tenperature and
stirred for 4 hours. The reaction was diluted with aqueous | Q% potassi um
hydrogen sulfate solution (I5 m) and extracted with ethyl acetate (3 x 15
m); the 5 conbined organic phase was washed with water (25 m ), brine {25
m) and dried over sodiumsulfate. TB8 solution was fikheheehsardoo2e

sol vent evaporated to give an oil. The residue was purified by flash col um
chromat ography (silica, ethyl acetate: hexane, 1:4) yielding 320 ng of the
desired pr od uvﬁasaﬂldadcalidmﬂeanixtme ehs W ad ith mcm?tﬁmpemtm-)e shidl stirredemat e)
HN N~~~ p N A solutiagn of the product fr m part (300 ng, 0.48
mol) in di ong-‘ﬂ?e1 bsmm 'fh%mrﬁl"ﬁ%f (F)‘IGF' ‘PG“%S e)regidaefwas

D maphor e Tofsosaos AR el pitshuctal tﬁﬁ SHLidRe St PYEESRE0, e
178 mgy of theaﬁa%x%féétéa Q@H%th% a@etﬁai 0Th8%§ éﬁb'p%as&@a@%'&glfed‘l%h | R (KBr)
1782 cm 1. Exanple 50 NI 1HHO @§2N~ H~~~" ~ %hom)chl ral ) N O O 20 130

a) 0 C_O--5-cbzmepdrieddver sodium sulfifevdrd bbﬁdelﬁe&@dgi@@l %@af theOddsifddl O A
solution of chiral-(+)-trans-4-(2-phenyl et henK/H%) %

bi s( car bobenz freexaminesprodunt] PREPH) (16962 emi'dMin Aéd 2@4['*‘@) 0 49 mol) 5 in
tetrahydrofuran (2.5 m) was cooled to -78C under an argon atnosphere. A IM
solution of sodiumbis(trinmethylsilyl)amde (0.74 m) in tetrahydrofuran
was added and the m xture stirred for 15 m nutes. 4Bi phenyl carbonyl

chloride (163 , 0.7~ mvol) was added dropwi se and the m xture was all owed
to warmto roomtenperature and stir®ed 4d0 hours. The reacti on was
di luted with aqueous 10% pot aSS|H{n h&d ge Qgﬁ solution (15 m) and
extracted with ethyl acetate (3 X hed organi c phase was

washed with water (25 m), brine (25 n1) and drled over sodium sul fate. The
solution ygs filtergeiafithetdTehs Pry®@idt from part (b) (89 mg. 0.617 mmol) and

triethylamine (86 pl, 0.59 mmol) in methylene chloride (2 ml) was added

to a mixture of phosgene (0.82 ml of a 20% phosgene in toluene solution,
1.54 mmol). The mixture was stirred at 0°C for 1 hour. The reaction
mixture was then partitioned between water (25 ml) and ethyl acetate (2 x

15 25 ml). The organic phase was washed with 1N HCl (40 ml), brine (50 ml),
dried over sodium sulfate and concentrated to give 108 mg of the desired
product as a brown oil. IR (film) 1738.8, 1704.7 cm-1.

d)

f
@——CHz—o—c-N -CHz
2 I
0
™\
T N N—C-OCH
o7 H/ —

20 0 0

The benzyl ester product from Example 1(c) (111 mg, 0.194 mmol)
was dissolved in tetrahydrofuran (2 ml) and cooled to -78°C. Sodium

bis(trimethylsilyl)amide (0.23 ml, 0.234 mmol) was added over 1 minute



evaporated to give an oil. The residue was purified by flash colum 15
chromat ography yielding 290 ng of the desired product as a colorless solid.
M5 (MrH)+ 721. b) rsx.HO (honochiral) I p N O The product frompart (a)
(280 ng, 0.4 mmol ) was deprotected and 20 worked up as described in Exanple
49(b) to give 172 ng of the desired product as a colorless solid. M5 (MtH) +
455; IR(1~Br) 1782 cml; (a~z2 = + 194(c = 1, net hanol{g Novedder 2Z08&pl e 61
NHHCI H2N~ H '\~ 15 Novenber 2002 ,,, ,~~ ( racemate ) f ~( / o ~0 0 5 a)
OcH-0--g CHCA~/~Q~,,,,. a - ~CH- CH~/ \'\ (/] O0~0O0

Fol I owi ng t he apRQhedhixusyf whkabited 40(A°Cort 1ntsd | A Wbluteb &f the product
napht hyl oxy) acetyl chloride for the 4-bi phenyl carbonyl chloride, the

desired produétont paat (o) }48vesg, 6h23 mmolién setrahpdiafusas ¢1 ml) wes adided)jand1 0
725 b) HCl Ht I\Ie ygg;t;oxi Eﬁ:éurg wa?sesrgzai;rgzi a/t -‘?SAC. AEter\l {101?1', the mixture was

quenched with 0.5 N potassium bisulfate solution (25 ml) and extracted

5 with ethyl acetate (2 x 25 ml). The organic phase was washed with brine

(1 x 50 ml), dried over sodium sulfate and concentrated to give a pale

yellow oil. Purification by preparative HPLC (reverse phase, methanol,

water, trifluoroacetic acid) gave 25 mg of the desired product as a colorless

oil/foam. MS 743.1 M+H)*, 741.4 M - H)"; IR(film) 1786.6 cm'!.

10
e)

NH<HC1
o)

JL / CO-H
HoN N/\/ %, 2
* E | (\ N/lL OCH;
04-—- l\\n/ N \/l (homochiral)
0

Deprotection of the product from part (d) (22 mg, 0.027 mmol) and
15 work-up as described in Example 21(d) gave 12 mg of the desired product
as a white lyophilate. MS 385.1 (M+H)*, 383.2 (M-H)-; IR(film) 1786 cm-!.

Example 25
NH+HCLl
/ H
H,N 1‘l-\;‘,/\/ e, CO2 o
il
oé'_—N\[rN N=C~ 0— (CHg) 3
{homochiral)

20 0



The product frompart (a) (125 ng) 0.17 mmol) was deprotected and wor ked-up
)

I
as described in Exanple 49(b) to give 76 ng of the desired 15 product as a
colorless solid. M5 (MtH~-+ = 459; IR(KBr) 1780 cm1. 132 15 Novenber 2002
Esarnple 52 NHHC1 HZN~N~~"'~ ~ ' (honochiral) / ~\ O~O\ / ilOa) 0 ~CH2-
O~ CHCSl---~0O0~gin.. CH-O0,C- ~/ \ H~05 0 Follow ng the procedure
of Exanple 50(a) but substituting (28®aphthyl oxy) acetyd Nehkaibied@002r t he
4- bi phenyl car bonyl chloride, the desired product (216 ng) was obtained as a
colorless solid. M5 (MrH) + 725. 10 b) NHHCLI H N~-N~~"~ ~ | (honochiral) / \
011 0\ ~/ & The product frompart (a) {200 ng, 0.276 mmol) was
deprotected and woxked-up as described in Exanple 49(b) to give 108 ng of

t he desired product as % col orl ess so M5 (M+H) + 459; IR (1~r) 1780
cml; [a]zz = + 15¢i8-{c=lp—nHiCHa R 33 15 Novenber 2002 Exanpl e 53
HdO CHNN~~"~ CON(CH3 ) 2 2 HH (honochiral) O ~N\ 0 ~3 a) 0 V
}-- CH2- O &G NG N( CHg) 20 ~ ~In.,

3-Phenyl-1-propanol (1.09 g, 7.34 mmol) was added to a mixture of
5 phosgene (5.5 ml of 20% phosgene in toluene solution, 11.01 mmol) in
methylene chloride (5 ml) at 0°C. The mixture was stirred at 0°C for 5
hours. The reaction mixture was evaporated in vacuo to give a colorless oil.
Purification by flash column chromatography (silica gel, 0 - 5% ethyl
acetate/Hexane gave 1.33 g of the desired product.
10
b)
0

e
(H3C) 3—C—0—C—N N—C—0—(CHz) 3

A solution of tert-butyl-1-piperazine carboxylate (0.2, 1.07 mmol) in
methylene chloride (3 ml) was cooled to 0°C. N,N-Diisopropylethylamine
15  (0.25 g, 1.93 mmol) and 4-dimethylaminopyridine (5 - 7 crystals) were
added, followed by addition of a solution of the product from part (a) (0.2 g,
1.07 mmol) over 1 minute. The mixture was stirred at 0°C for 1 hour. The
mixture was then partitioned betweeen water (20 ml) and ethyl acetate (2
x 20 ml). The organic layer was washed with brine (1 x 75 ml), dried over
20 sodium sulfate and concentrated to give 0.35 g of the desired product as a

yellow oil.

c)

R
I-[l\\-—/N——C-O—-(Cth

25 The product from part (b) (0.35 g, 1.03 mmol) was dissolved in
methylene chloride (4 ml) and cooled to 0°C. Trifluoroacetic acid (4 ml)



CFA- O IC NNHHI NHO A solution of the carboxylic acid product from
Exanple 1(b) (140 ng, 0.288 mmol) in tetrahydrofuran (2.5 mM) was cooled to
-20C under an argon atnosphere and N-net hyl norpholine (32.1 ng, 0.31? mmol)
was added. A 2 Msolution of dinethylam ne (1.1 eq) in tetrahydrofuran was
10 added followed by the addition of benzotriazol-1-yloxytris

(di met hyl ani no) phosphoni um hexaf | uorfbhosphate (140 nmg)NEV&hBen2®03 . The
reaction was stirred at -20C for 24 hours, poured into 5% potassi um
hydrogen sul fate solution and extracted with ethyl acetate. The et hyl
acetate extract was washed with water, brine and dried over sodium 15

sul fate. The % 48HEE oVEF Qnﬁm@aﬁaeﬂemt&@waw%ﬁe@sﬂMSmms purified by
silica chromatography eluting with ethyl acetate yielding 56 ng of the
desired produempesadursoidnd btﬂmdsfot il dhoub/5 Tihethixtubd &ras théﬂ&vé.ﬁoﬂ‘dm&tvber 2002
b) 0 ~ 0 ~CH2-O C C— ( 2.~ 0~ ~In ~Cl~--O+MCNNHH~H/ o ~N
~ 1 O CH3 A stuwor ohheresigge ﬁfraédh%ﬁol\quiﬂrwater( abxe pHsWﬁr’g adinsteditok@ )13 n

hydr of l,ed h
Sodt oy oi ot ¢ ri¥ing B N ffabrt By R ORE S atved Wit 801 2580 SRIRRRESLS.
was stirred f;saassowa*s Redshed vélaa)on(na filtebdd DOENBIN Qulf&t'@%n%socy anat e

(27.2 nmg, 0.141 nmol) was added The mxture was stirred at 78C for 30

m nutes and tdmentﬁanwdo Eivevia 23 gtos thodesiredpesdidiiss awhittdolidf ¢S4 hours.
The reaction was poured into 5% potassi um hydrogen 10 sul fate sol ution and
extracted wi t2ABOKM +ald¥t ate. The ethyl acetate extract was washed with
wat er) brine and dried over sodiumsulfate. The solvents were evaporated
and the crude residue purified on silica by chromatography eluting with
ethyl acetategphexane (3:2) yielding 25 ng of the desired product as a
colorless glass-like residue. M5 (MtH)+ 707. 15 c) I3Fi HO O H N-N~~~""'
IC'N(CH3?2 2 HI H/ | (hormC|raI N\o~0 ~3Aso|ut of the product
tompart (b) (24 ng, O. 03C'ITID BE;}; g.u@ng HC (1.5 eq.)
was stirred under a hydrogen at rmWre vvlt 1096204l | m on carbon

catal yst (12 ng) for 2 hours. 20 The reaction was filtered and the sol vents
| yophilized to yield 14 ng of the '

A solution of the product from part (¢) (100 mg. 0.403 mmol) in

methylene chloride (1 ml) was added to a mixture of phosgene (0.53 mlof a
20% phosgene in toluene solution, 1.01 mmol) followed by the addition of

15  triethylamine (60 yl, 0.403 mmol). The mixture was stirred at 0°C for 1
hour. The reaction mixture was then partitionéd between water (25 ml)
and ethyl acetate (2 x 25 ml). The organic phase was washed with 1N HCl
(40 ml). brine (50 ml), dried over sodium sulfate and concentrated to give
115 mg of the desired product.

20

0
I g Do)
& DY N=——C=0—(CH2)3
0

A solution of the benzyl ester product from Example 1(c) (43 mg,
0.075 mmol) in methylene chloride (1 ml) was cooled to 0°C and



135 15 Novenber 2002 desired product as a colorless solid; M5 {MtH) + 439;
[a]n = + 12 (c=1, nethanol). Exanple 54 5 CO2H ~in.. OH2N Hp N

N(CHZ) 2-N~O-C(CH3)3 ~I | 0 CH(CH3)~ CH(CH3)2 (honochiral) a) 0 H ~--- (
cH2) - ~t_C_O C(CH)3CH(CHB) =CH( CH3) 2 10 A mxture of
di-tert-butyl dicarbonate (L51 g, 6.9 nmmol) and triethylamne (0. i g) 6.9
mmol ) in anhydrous tetrahydrofuran (87nm) was added oneENoZémbenl0@2 to a
solution of N, N -diisopropylethyl enediamne (1.0g, 6.9 mmol) in anhydrous
tetrahydrofuran (2 m). The m xture was stirred at roomtenperature for 2
hours. The m xture was then filtered |5 and washed wi th nethyl ene chl ori de.
The filtrate and washi ngs were condensed to obtain a colorless oil.
Purification by flash columm chronmat ography (silica gel) 1- 5% 2M amoni a

col or| casof IPeRE 33825 ek 195 Ko} ML Lk iR PRgte i g2° 2 )
( CH3 ) 3 1 Erfdtals)@ére)adde@H A séldBioh of the bssiude M @€ (d)2BB82mghin pr oduct
tompart (a) (44 ng, 0.18 nmmol) was added to a m xture of phosgene (0.24 ml

of a 20% phosuetiyléne chlonidad0soml)t was added andrthie)mivture tagl stivredat &°Cde (1
m) at OC followed by the addition of triethylamne (25 ~tl, 0.18 mmol).
The mi xture VR&4Sminutes fllogieds kst stirmng gt room temperaage foms MoREe dhaas

t in. ' i fied : h t h
CorPrea ofi | TpRadtfas HEn <SR MUE D7 RGP ERnEHOR B G FSEMME G RRK
desired d | rQkilical 0
oo O O N YR AoRattedphy Quics o8, W0 S dlelhio/hBUin) BV SCY
CH( CH3) 2 CH( @fithe desired product as a pale yellow oil. MS 847.1 M + H)*, 8454 (M -

H)-; IR (film) 1784 cm-1.

H,oN g/\//’a,l CO-H o
L~

Y amm N N—=—C—0~—(CH3)
O QW . .
0 {(homochiral)

Deprotection of the product from part (e) (40 mg, 0.027 mmol) and

work-up as described in Example 21(d) gave 21 mg of the desired product
as a white lyophilate. MS 489.1 M + H)*, 487.4 (M - H)-; IR (KBr) 1784,

15 1667 cm-t.
Example 26
NHeHC1
H,N N/\/ /l,,' 'COZH
H

(homochiral)

M
04-——N\",1\1 NHeHC1
o)

20



Triethylamne (15 ~. 1, 0.104 nmol) and di net hyl am nopyridine (10 12
crystals) were added to a solution of the benzyl ester product from Exanple
1(c) (40 ng, 0.07 mml) in nmethylene chloride (1 m) followed by 15 the
addition of the acid chloride product frompart (b) (25 ng) 0.084 mmuol).
The m xture was stirred for 48 hours and than evaporated in vaccuo and
purified by flash chromatography (si88ca gel, 0-30% ej{fyovepficrizeioRexane)
to give 21 ng of the desired product as a colorless oil. M5 843.5 (M+H) +,

841.8 (M~"; IR (film 1785.1, 1733.1, 1681.7, 1640.9 20 cm 1. 137 15
Novenber 2002 f') CZH /~~i.,, O RNHNr ( ~2 ) 2. 0" C( CH3 ) 3 0 ~I
OCH ( CH3) . CH( CH3 ) 2 ( honochiral. ) 10% Pal | adi um on car bon

catal yst (20 ng, wet type) was added to @ sol utjon of the product from part
(c) (212 ng, 0.025 mml) in L -)di_g_>@_rleo_(_g_5_ ) _n_t}?_i_g:lng IN HO (25 ~I.
0. 025 mml ). Hydrogen gas was’ bubbl ed t hrough, t sofutfon for 4 hours. The
r eaction mxture was filtered through a pad of Celitec~ which was then
repeatedly Washed with 1.4-dioxane {10 m) and water (I~ nml). The conbi ned
el uents were |yophilized. The white | yophilate was di ssolved in water and
passed through a pAwplafion of patputyly 1 pyperakzintorerbekylaiea (0.6ig, 2.8vatmol) iThe

eluents were |yophjliz t ive 12 ny of the desire roduct as a white
| yophi | at €2 I\/Bl%ggl.e?}e(ﬁﬂ)‘&j ?148:&) wasdded tojarmpximyreof phosgens (3168806 cm 1.

CXaTp 59 o IR e ) DR S AR o
added t ’ 2 M4t 8ee. ofriethgRaRnR (027 g8 7 mAl) RagtseAAdAd MRS SOl uti on,
mixture was stirred at 0°C for 1 hour. The mixture was then partitioned
between water (30 ml) and ethyl acetate (2 x 30 ml). The organic layer was
10 washed with brine (1 x 60 ml), dried over sodium sulfate and condensed to
give crude product. Purification of the crude product by flash
chromatography (silica gel, 40% ethyl acetate/hexane) gave 0.515 g of the

desired product as a white solid. IR (film) 1737.6. 1697.0 cm-!.

15 b)

T . PZ C—(CH;3)
O/ N\I(N N 313
0

A solution of the benzyl ester product from Example 1(c) (47 mg,
0.082 mmol) in methylene chloride (1 ml) was cooled to 0°C and
20 triethylamine (12 mg, 0.123 mmol) and 4-dimethylaminopyridine (6 - 8
crystals) were added. A solution of the product from part (a) (51 mg) in
methylene chloride (1 ml) was added and the mixture was stirred at 0°C
for 40 minutes followed by stirring at room temperature for 4 - 5 hours.

The mixture was then evaporated in vacuo. Purification of the residue by



met hyl ene chloride (2 m) at 0OC, followed by the addition of triethylam ne
(0.37 M, 2.63 mol). The m xture was stirred at 0OC for 2 hours and then 5
evaporated i n uacuo. The residue was suspended in ether, filtered and the
eluents were condensed to give a creamsolid. Purification by flash

chromat ography (silica gel) 0 - 10% et hyl acetate/hexane) gave 32.2 ng of
the desired product as a crystallindg89white solid. | R5fovenba72803 cm 1.
10 b) O( Vr-CH?>-O-CGNCO2G :~ ~In,, ~COC~v Xxi 0~~\ 0O
Triethylamne (47 ~,tl, 0.34 nmol) and di net hyl am nopyridine (10 12
crystal s) veflasiidHesinbtogaply Wilied g6l Ot-I80%b etizpll acesdterhaxaadygivd 1®mdexanpl e
1(c) (129 ng, 0.23 mmo] ) in nmethylene chloride (3 m) followed by 15 the
addi tion of ofitheadesirashprodust asaorolgriess oih) MBB8H3, M +3H)m 8B (VM) ni xt ure
was stirred at roomtenperature for 5 hours and was then evaporated in
uacuo giving a pale yellow paste) Purification by flash chromatography
(silica gel) )0 - 35% et hyl acetatel hexane) gave 120 ng of the desired

product as a%ol orless oil. Ms 789.4 (M+ I-~+ 787.? (M- H'; 20 IR

(film 17%$5.5, 1732.1, 167901, 1639.4 cml. 139 15 Novenber 2002 c) 2
CF3CO0H H2N N~ iy _g_~N 0 O (honochiral) | Q% Pad| adi um on car bon
catal yst (60 nmy) et ded) s added to a sof¥riGH2T he product from

(8 m) containing 1N HC

part (b) (118 , 0.15 1) Yn 1,4-diuxane
7 d through the solution for 1

(0.18 m, 0. 1 CHHydCotien gas was bt
to 1.5 hours. e reaction fiixttre was fijl tered thvough a pad of Celite
whi ch was repeatedly washed with 1,4di ogane “@‘E“\HE@GPOWS m). The
conbi ned gluents were |lyophilized to obtain i ng Of a white |yophilate.

Purificatfon by HPLC (revese phase. 10 nmethanol, water) trifluor oacetic
acid) gave 52 ng e pedies froadpario@y 0 ate, 0.081 finbl) sy disgtslved/n 431. 2
(MtH) +, 429.3 (MH-; IR (KBr) 1790.0, 1678.0 cm' Exanple 56

methylene chloride (1 'ml) and cooled to 0°C. Trifluoroacetic acid (1 ml)

was added over 1 minute and the mixture was warmed to room
temperature and stirred for 1 hour. The mixture was then evaporated in
10  vacuo to give the desired product as a yellow oil which was used in the next

step without further purification. MS 685.1 (M + H)*, 683.3 (M - H)".

d)
NHeHC1
HzN Ilg/\/ /,l,' COzH

. N NHHC1
N
0

{homochiral)

15
The product from part (c) (49 mg, 0.061 mmol) was deprotected and
worked-up as described in Example 21(d) to give 15 mg of the desired
product as a white lyophilate. MS 327.0 M + H)*, 325.0 (M - H)"; IR (KBr)
1786, 1653 cm1.
20



NHHC1T H~-N~-N~~~~ CO2ZH HH N' VN-\ 0 NI5 O (honochiral) a) O~ N C1-C ~N~~
N A solution of 1-(2-pyrimdyl)piperazine dihydrochloride (4.0 g, 16.9
nmrol ) in 1N sodi um hydroxi de saturated with sodiumchloride {40 mM) 20 was
extracted with ethyl acetate {2 x 30 m). The organic |ayer was dried 140
15 Novenber 2002 over sodiumsulfate, filtered and concentrated to give 2.6
g of 1-(2pyrimdyl)piperazine. A sol9%ion of 1-(2-pyrigmeyémpep2082i ne (2.6
g) in nmethylene chloride (5 mM) was added dropwi se over 3 mnutes to a

sol ution of phosgene (25 m) 5 20% in toluene, 47.3 mmol ~ in nethyl ene
chloride (15 m) over solid sodium bicarbonate (3g ) under nitrogen at room
tenperature. The resulting sol ution iEBRamipler®t vigorously for 10 m nutes,
filtered through a fritted funnel, and the renmining solids were washed

wi th nethylene chloride (2 x 5 m). The conbi ned el uent was concentrated
under vacuum 10 to givesa white solid. The solid was then recrystallized
from net hyl ene chl ori dejjheXxa@ane to give 31% of the desired product as a white
solid. 1R(film 173%.m DYy CHR- - NOC2CH2 O~ /~~~~. 0- ~C N
Nn O NOZ15 The acid cHforide {rom part (1. ) 4.8 mol),
triethylamne (700 ~t.l, 5.0 rrr@_)__@gr% yl §m n dine (200 ng, 1.64

mmol ) were added to a sol utionodf the enszll_/e\gﬁ\er pr ogktedcHiveimyExanpl e
1(c) (1.56 g) 3.23 mml) in nethyiene ghlorid® (1> m) under nitrogen at
roomtenperature. Aftex stirring at roomtenperature for 7 hours, the
reaction 20 m xture was diluted with hexane (5 m) and was then added to
the top of a silica gel colum (wetted with nethylene chloride) for
purifi cati®n Bi/ flash chronmat ography (0 to 30% et hyl acet at el net hyl ene
chloride) to give 1.6 g of the derivedfroduct as a white foam M- 763.2

(Ml ~+, 761.7 (M- I~; IR (KBr) 1788 dm '/ \ 141 15 nmber 2002 c)
NHHC1 G CO02H H2N~ N/ . H{HE:&) amNHDO—LCRNO ( ' he product from
part (b) (1.6 g, 2.1 mml) was deprotected wor ked- as described in

Exanpl e 21(d) to gwgolg%n% tgrft-l;uq:%l-q?ﬁipgggzme carboxvlate (0.2 g, 1.07 mmol)
in methylene chloride (2 ml) was cooled to 0°C. N,N-
diisopropylethylamine (0.167 g, 1.28 mmol) and 4-dimethylaminopyride

10 (30 mg) were added, followed by addition of benzenesulfonyl chloride (0.19
g, 1.07 mmol) over 1 minute. The mixture ws stirred at 0°C for 2 hours.
After two hours, water (20 ml) was added to the mixture and extraced with
ethyi acetate (2 x 20 ml). The organic layer was washed with brine (1 x 75
ml), dried over sodium sulfate and concentrated to give 0.35 g of the

15 desired product as a white solid.

b)
HN  N—SO —-@
\—/ 2

The product from part (a) (0.35 g, 1.07 mmol) was dissolved in
20 methylene chloride (3 ml) and cooled to 0°C. Trifluoroacetic acid (3 ml)
was added over 1 minute and the mixture was warmed to room
temperature and stirred for 1 hour. The mixture was then evaporated in
vacuo. The residue was dissolved in water, the pH adjusted to 12 - 13

using 6 N sodium hydroxide and extracted with ethyl acetate. The organic



product as white solid |yophilate. M5 409.2 (MrH)+) 407.5 (MH'; IR (KBr)
| 777 cm~i. Anal. calc'd for d~H2aNaOba 1.0 HO 1.~4 H20: C, 43.20: H)
6.84: N 23.71. 0. 18.75: d, 7.50 Found: C, 43.31; H 6.59; I~T. 23.09: O
(not calculated) ; d, 7.06. 10 Exanple 57 N | HRHC1 HzN~-N*/~~,, CO2H . O |
~1 ~CH HO ~~N =1 0 NH2 / (honochiral) a) O Nn ~cH2 w (H3C) 3-C-0-C-N
N; I/ OCH2 V15 . O Triethyianmine 9H.22 nl, 1.6 nmoi5 Navembgr E02e
benzotriazol -1 yloxytris (dinmethyl am no)phosphoni um hexaf | uor ophosphat e
(0.83 g, 1.6 mml) were added to a sol ution of

N-car bobenzyl | n ro t.hyl ene
chloride (5 }%? ol'l Q%#kgéda‘?#ﬂ%ﬁgi dl?%d hge"@h%ﬁg%%ﬁog%mg&atﬂ
tert-butyl -1- g pRfead.R08 mthemkﬁiea d8ddcas & paldPBlldw ofin QM 2dgig e Was
stirred at roomtenperature for 2 hours. The m xture was then diluted with
met hyl ene chl @M+d®*(30 nm) and washed with 1hF HO (1 x 25 nml), saturated
sodi um bi carbonate (1 x 25 m ), and saturated sodiumb5 chloride (1 x 25

m ). The organic phase was dried over sodium sul fate and concentrated to

obtain a pale Zel low oil. Purification by flash chromatography (silica gel.
0- 20% et hy t at el hexanes) gave 554 ng of the desi red product as a white
f oam IR(fiIrr) 1698.2. 1649.6 cm1g b) ~ ~ch2 i~ ~/ OC3z 100

Trifluroacetic acid (3 nml) was_addid 7/5-&\ soI ut| oy @ the product from paxt
(a) (550 ngy, 1.14 mol) in anhydrobs ifle (3 M) at OC. The
m xture was warned to room tenperature d stlrred or 1.5 15 hours. The
m xture was then cop gﬁgﬁﬁg i 1 ssol ved
in water. the pH was” a Justcf'fghgg‘f@ﬁc?@bﬂv\#%ﬁﬁgggm&)mx{%g%61)%ﬁ (lg%)’iﬁ
sol ution) and t??étlgﬂﬁhﬁﬁe%?.hle@ b AERAPICmeth¥iend cmolndeTh gf&g@lagdgéase
was dried over sodiumsulfate and condensed to give O. esired
product as a Ralaempehlrewf phbsgdie @O5D &ll¥hHIO% p%@s&e)ne in toluene solution,

10 1.1 mmol). The mixture was stirred at 0°C for 1 hour. The mixture was

then evaporated in vacuo. The residue was suspended in ether and

filtered. The eluents were concentrated to give 100 mg of the desired

product as a cream colored solid.

15 d)

0
@_CHT—%-C-'N COz—CH2—©
I /L ..
@_CHTO—C-N " |
H H
— [ N~
7 H(N NO,,S\\—@
i — o)

A solution of the benzyl ester product from Example 1(c) (64 mg,

0.112 mmol) in methylene chloride (1 ml) was cooled to 0°C and
triethylamine (17 mg, 0.168 mmol) and 4-dimethylaminopyridine (6 - 8

20 crystals) were added. The product from part (c) (58 mg, 0.168 mmol) was
added and the mixture was stirred at 0°C for 45 minutes followed by
stirring at room temperature for 3 hours. The mixture was then

evaporated in vacuo to give crude product. Purification of the crude product



0d-CGC~~N ~2 OCFiz-( U ~--~0O The product frompart (b) (0.322 g, 0.84
nmmol ) in nethylene chloride (3 mM) was added to a m xture of phosgene (1.11
mL of a 20% phosgene in 143 15 Novenber 2002 tol uene solution, 2.1 mmol)
in nmethyiene chloride (3 m) at O0C, followed by the addition of
triethylamne (0.12 m, 0.84 mmol). The m xture was stirred at 0OC for 1
hour. The reaction nlxture was evap09%ted i n vacuo. THEeNoesitee 2003
suspended in ether, filtered, and the eluents were 5 concentrated to give a

yellow oil. Purifi cat| on by £l ash colum chromatography (silica gel, 0 -
20% et hyl ac éiyapmplaeaane}lﬂa@élﬁezslsplyanf nidthadels wadr,mr@hmbammaamd)
colorless oil. d). 0 ~CH2,.0-] COCH-( Vr--C.I~-OCGu HGC~ ~NG

~~ (] C\ save28me théeﬁ@swefiarﬁgiv@rﬁ%cqlsdes& pil. 0. 262 mmml ) and

di met hyl am n & ?QMO@ 12 crystals) were added to a solution of the
benzyl esterqﬁ oduc Exanple 1(c) (100 ng, 0.175 mmol) in nethyl ene
chloride (3 m), followed by the addition of the acid chloride product from
part (c) (120 ng) 0.262 mol ). The m xture was stirred at roomtenperature
for 4 houbs a)d then 15 evaporated in vacuo. Purification of the crude
product by flash colum chrgmat ography (silica gel, 0 - 35% ethyl

acet at e/ hexane) gave | of the desired product as a colorless oil. M
966.4 (M+H)*) 964. N 4f i | MpCO7B8. 0, 1738.3) 1677.1) 1637.0 cm 1.
144 15 Novenber 200 e)m H2HCH Ny,,)(I)Z i2HO~~.JL\ ~20
(honochiral) 10% Pal | adi um on céL__ cat , wet type) was added
to a solution of the product f@()m p 9461 CIIH)IQJEI)"—'N
1,4-dioxane 5 (8 m) containing 1N HC ( 6 00. 26 dragen gas
was bubbl ed through the solution for P to 1.5 hour s. The reaction mxture
was filtered thro [[aga]

1. 4di oxane (10 m %gr@mg‘?céﬁﬁoﬁd&%) @Ee‘ﬁﬁ’odnvg? ﬁ@?ﬁﬁggtﬁg il\/\%§é<}%ﬁyop ilized

to give 64 nowofkddiap deieseribpd onEvangsie 21080 givd LW wophd dediced M5 474. 2
10 (MFH) T, 472.4 (MH': IR (I~Br) 1786.0, 1730, 0. 1647.0 cm-l. Exanple 58
product as a white lyophilate. MS 467.0 (M+H)", 465.3 (M-H) IR (film)

10 1787.25, 1662.13 cm-!.

Example 28

NH-HC1

HoN NN, CO.H
H ‘ ' (homochiral)

O4~_N\n/1\ N C—‘O—CHZ-—CH {CH3) 2

15 a)

(H3C) 3——C—0—|(I:—-CN—CI!-O—CH2—CH(CH3)2
Diisopropylethylamine (30 mg), 4-dimethylaminopyridine (30 mg)
and a solution of isobutyl chloroformate (366 pl, 268 mmol) in methylene
chloride (2 ml) were added to a 0°C solgtion of tert-butyl-1-piperazine
20 carboxylate (500 mg, 2.68 mmol) in methylene chloride (2 ml). The
mixture was stirred at 0°C for 1 hour. The reaction was quenched with the

addition of water (20 ml). The mixture was extracted with ethyl acetate (2



NHHC1L ~ COZH ~0 H2N'" IVY H N-(CH2! t-N-G "~ (C~i3); 0 ~~ 1 O CH3 CH3
(homochiral) 15 a) O!l Hi - ( CHR ) 2'- i " CG 0-- C( CH3) 3 CH3CH3 A
solution of di-tert-butyl dicarbonate (1.24 g, 5.67 mml) and triethylam ne
(790 ~1, 5.6? mmol) in tetrahydrofuran (15 m) was added 20 dropwi se to a
solution of N, N ~ -dinethylethylene diamne (500 ng, 5.67 nmol) in
tetrahydrofuran (35 m). The reacti 03 m xture was stifgRevéiber 2862 15
Novenber 2002 roomtenperature for 4 days. The mixture was then filtered
and the filtrate was concentrated to give the crude product as a colorless
oi | . Purificat50mby THeasiganitylagesogé it ih0doazil wasisd with'brine (2 x 10

met hanol | net hyl ene chl oride) provided 362 ng of the desired product as a
col orl ess oi | ml), Bfidd oyer raggnesimm, sulfate, mctxoxccemna(beam;w Zive 819 @g oftheH3) 3
CH3 Ch: m xtuge of, the product romp triechylamne 10O
(7278 ~tli m WB’F@‘@ﬁlaéﬁYfé%s ‘?I\%ééﬁﬁbéléa?ﬁ@ l?@gmon of phosgene
in toluene (1,4 M. 20% at OC. The resultant m xture was stirred at OC for
3 hours. anhydrous ether (10 m > was added and the solid was filtered off.
The filtrate was eva tedao gi ve the crude product as an orange oil

whi ch was purified 2 El.gmsh _tg_o?ﬁt_ogﬁgegg/ 2(20 - 30% et hyl 15

acet at el hexane) to g\ve/313 t esired product as a colorless oil.
IR (f I'm *1740 cm ', 1694 cml c) O 1If O-cH=0-c-; cozc~~-~O1I n,.. OcH-
0- ~ N-u~ . QH H thixtube ofHHH Erude-fro@HEbA pAXtAa RGN, Zrigpiahiopi ne
(25 ~,1), dinmethylam nopyridine (15 ng) and a 20 solution of the acid
chlori de prodmﬂubrwpalamiﬁ)o m@m@hmnmnhﬂquda(lﬁmi)/m@tumd)at de (1

m) were added to a solutio t he R‘i ‘%i prod ct fro nple 1(c)

(70 nmg) in nEF‘PﬂFPéﬁ@P@ﬁ?'B’FPQ‘é"%@OHF) % ghow &‘%C%B ediom;of ég]eé'%‘itiﬁrght at
t t h dit oy LN

bot assi um bi sFFACkeeRaf Tl End 18 Selipl b Ge B ko p 220 e

extract edj t hqg @)”I‘h%cxﬁi’:&h? v &xéxgm@aa with 6t 1 3RBiAte k;waﬁ) wepe combi ned

and washed with brine 3 al‘l over magnési um sulfate and

concentrated tcombived &fg?auiasalhmbhews:g washed adilchbrias (20 yel)| ddedbber
Purification using flash chromatography (30 - 50% ethyl 5 acetate/hexane)
gave 77 ngy of mmmm%dfqaﬁoﬂlyexeda@mhcwemmsé tmgnve SE mg ¢ft therdesirzgls

cm1l, 1733 cm-~, ., 1681 cmﬂ
product as a yellow o

whlcg}was uz;e H|1_1|: %ut fulther purification.
IR(film) 1692 cm-1.
15

Cl—‘(il—N/—\N—-g- O— CH,—CH (CH3) 2
N/
A mixture of the product from part (b) (477 mg, 2.56 mmol) and
triethylamine (432 pul) in methylene chloride (5 ml) was added to a
20 solution of phosgene in toluene (1.6 ml, 20%) at 0°C. The resultant
mixture was stirred at 0°C for 2 hours. TLC showed the completion of the
reaction. The solvent was removed, and anhydrous ether (50 ml) was
added. The mixture was filtered and the filtrate was concentrated to give
the crude product (481 mg) as an orange oil. Purification of the crude
25  product provided 453 mg of the desired product as a yellow oil. IR (film)
1741 cm'!, 1703 em-1.



HZN- 1~.. HO~i,-- (CHZ) (~,-1 - C-C'-C(CH3) 30CH CH
(homocniral) A mixture of the product frompare (¢) (i 4 ng. 0.094 mol ) ,
IN HC1 10O (94 pl). and palladiumon carbon catalyst ( 10.rb. 19 ng) in
dioxane (2 m) was stirred under hydrogen atnosphere (hydrogen balloon) ac
roomtenperature for 1 hour. The reaction mxture was filtered through a
Celite cake and |yophilized to give 93 ng of the desiisadoysmderc208& a white
solid. M5 429.2 (MtH)+, 427.5 (MH': IR (KBr) 1784, 1663 cm 1. 15 Exanple
59 N'H CFBCOO—S H2N~' ~/ 4., COZH O ~ NCH2 0 0 ~3 (honochiral) a) O Cl-
~C-N-CH2 20 ~HY 147 15 Novenmber 2002 A sol ution of

N- et hyl - 4- phenyl benzyl am neg[ 158 ng, 0.8 nmol ) prepared as descri bed by
Dahn et al., Hel Chim Actd., 35, 1348 - 1358) (195 in toluene (3 mM)
was added to a S@T'(ﬂ'%'fopﬁ gene (3 m, 20 '2ﬁcmﬁ-@e, 5.6 mml) in
toluene (3 m) er nitrogen @t rqomemnperadiure 5 foll owed by
triethylam ne ( P Cliz—~ @43 Nl Af t er rring the geaction m xture at
room tenperatur&-for 30 m nufles, Hihe sol vient Werf re g under v cuum and
the residue was purified by flash chromafogra Si bim g'TCH H3)2
met hyl ene chloride) to give 136 ng of the desiped product as an oily
residue. IR(film 1745 cml. 10 b) O O--cr=-0-c-Nco~cu O n - ~ rr~~~,

O--- cue- o-c H O ~TrietByianpneH36 Mk dadingle thiylamintpypidide ¢80 mgyransha t (a)
(100 ng, 0.38 mmol ), triethylame (53 ~tl, 0.38 mmol) and

di met hyl ani nopgelutioneof(the nrgduct pemmstep XcMGPanadd8d) tometkylene mhhn':ﬁe tlhe

b I t t of 45 0. 25 I
chiofide (& %n"lS%&@P%&@Eﬁ&g@rﬁ%‘e&q&eﬂ%ﬁwﬁﬁe@ SERARE o Ber S D)
Liiﬁ%‘e"?ﬁﬂ) " YT SRR TR R gk TER L PR RS Y dwv“tth“
hexane) for IOU"st&f&ﬁfdraph@ﬁrééﬁ%‘&npwrﬁﬁ@f&%@p%ag)chéﬂ HPYcahBidatds ehAt € I n
hexane) to give 148 ng of the desired product as Z0 a |ight brown wax. M5

796.5 (M+H) +, thdreadtidriivas cbﬁp@étal helré@gtiomvias qudrkthedHyNhecadtitioR@F2 c)

NHCF3COOH H2N~ ~[i,,) COZH
1N potassium b1su1fate (15 ml). The mixture was extracted with ethyl

10  acetate (100 ml). The organic layer was washed with brine (15 ml), dried
over magnesium sulfate, and concentrated to give the crude product as a
yellow oil. Purification by flash chromatography (50% ethyl
acetate/hexane) gave 81 mg of the desired product. MS 785.2 (M+H)*,

783.4 (M-H)-.
15 e
NH<HC1
HzN’u\ NN //,,___rCOZH
H
oﬁ—u\n/u N C~ O—CH,= CH (CH3) 2
5 {homochiral)

The product from part (d) (80 mg, 0.10 mmol) was deprotected and
worked-up as described in Example 21(d) to give'41 mg of the desired
product as a white solid. MS M+H)* 427.1, M-H)- 425.3; IR (KBr) 1786

20 cm-, 1653 cm-l.



-CH? 0 CHI O (honochiral) Deprotection and purification of the product from
part (b) (148 ng) 0.186 mmol ) according to the procedure of Exanple 19(c)
gave 33 ng of the 5 desired product as a white foam 11~IS 438.2 (N +H)r,
436.4 (Mfi)'; IR (KBr) 1788.0, 1699.0 cm1 Exanple 60 NHHCL H N~ N~~~'~
COH2 14 0 ~N-N--CGCOC(CH3)3 ~fl~~H 10 a) 0 ~~ A-GCNNGCGC; CH3) z
H Phosgene (20%in toluene) ( 1.54 BP. 2.90 mml) wag5adoiemiber 2002 i rr ed
sol ution of 3-tentbutoxycarbonyl am noazetidine [250 ng) 1.45 mmol, prepared
as described by Arinoto et al., J. Antibiot., 39(9), 1243 15 56, ( 1986))
and triethylanmine (222 u,|, 1.6 mol Example B9| ene chloride (5 nl) at 0C
After 1 hour the reaction m xture was concentrated and the crude product
was purified by silica gel chromatography to give 90 ng of the desired
product . 149 1pphNeregnber 2002 b) O Iliiz- OC NCOZCH~"~0 .. ocH
o-~ . ~,~ ~ O ~MNCO0--C(CH3 ~/ H fhe acid chlorjde product from part
(a) (119 ny, Ezl\!f(lt)téNﬁﬁJ'I/)/" Ak )Cg)zge | ~eSher  @goduc m Exanpl e 1(c)
(193 ny, 0.337 mmfz) were |5 d|ssol yed ¥n methy@ré ¢ c ide (2.5 nm).
Trieth~~iamne (71 ul, 0.206~Ryol )N added fol | owed :

di met hyl ammopyri dine (8 Qr% 0.0 7 mole). After 1? hoaﬁgﬁoﬁgl}:%]ézzti on

m xture was concentrated and the crude product was purified by silica gel
chromat oQraph~~ to give 180 ng of the desired product. 10 ¢) NHHC1L CO H

5 a)

0
e
Cl—C—N  N=——C—0—(CH,)»

Following the procedure of Example 25(a) through (d) but
substituting phenethyl alcohol for the 3-phenyl-1-propanol in (a), the
desired product was obtained as an orange oil.

10 b)
O

i
@_ CHy—= 0= C- lN co, _CH2_©
" /L Ilh.,
@_CHrO-C-N " ‘ o
H H N
— N  N—C—O=—(CHz);
e/
0

A solution of the benzyl ester product from Example 1(c) (69 mg,

°s

0.121 mmol) in methylene chloride (1 ml) was cooled to 0°C and
triethylamine (18 mg, 0.181 mmol) and 4-dimethylaminopyridine (6 - 8

15 crystals) were added. A solution of the product from part (a) (54 mg) in
methylene chloride (1 ml) was added and the mixture was stirred at 0°C
for 45 minutes followed by stirring at room temperature for 2.5 hours. The
mixture was then evaporated in vacuo. Purification of the residue by flash
chromatography (silica gel, 0 - 30% ethyl acetate/Hexane) gave 90 mg of

20 the desired product as a colorless oil. MS 833.1 M+H)*, 831.4 M-H)"; IR
(film) 1786, 1737.7 cm-1.



HZN~ ~/ ., 211 0 ~N~ i-C-0C(CH3)3 0 H; ~~onobchiral ) The product from
part (b) (80 ng, 0.104 mml) was dissolved in 1,4 dioxane (1.0 m) and
water (0.210 m). 1IN HC (104 ul. 0.104 nmol) was added foll owed by i 0%

pal | adi um on carbon catalyst (16 ng). A hydrogen 15 at nosphere was

i ntroduced via balloon. After 40 mnutes of stirring at roomtenperature)
the reaction mixture was diluted with 8ter: 1,4 di oxang? ﬁiﬁ?:l) and
filtered. The filtrate was |yophilized to give 47 ng of 19 NOVgEhare02
product. IR (KBr) 1792 cm1 150 15 Novenber 2002 Exanple 61 NH2HCL H N~
N~~""~~ CO2H 2 H ~ N~~NH2 0 O (honochiral) a) 0 Il CH2'- o- G N C2CH2---~
y, - J. If CH-- O G NNH-~ 1 0~ NT~ri~ CF=COOH 5 00O Tri fl uoroacetic
acid (0.20 m) opas added drowise to a stirred solution of the product from
Exanpl e 60 (b) (100 rrgl 0.13 mml) in nethvlene chloride at 0C. The
reaction m xture *fifdn stirred at roomtenperature. After 40 ninutes)

the reaction m vag_egncent r.qd in 1§ vacuo to give 120 ng of the
desired product.” b) "' H2HC / . H Eé‘{y N~~ vO O The product
frompart (a) (120 ng, 0.15 1) protec )aﬁd@ked-up as
descri bed in Exanpl e 60(0)0 of the desired IS5 product. |R(KBr)
1788 cm 1. (homochiral)
o]
5 The produ
product from part (b) (85 mg, 0.108 mmol) was deprotected and

worked-up as described in Example 21(d) to give 34 mg of the desired

product as a white lyophilate. MS 475.1 M+H)*, 473.4 (M-H)"; IR (fi}
1783 cm-1, 1665 cm-!. | "

10
Examgle 30
NHe CF3CO0H

HaNT NN, pCO:H
H
0
) /N ]
N—C—

0 ““\,g‘\_,

a) Cyclohexyl chloroformate

-~

(homochiral)

A mixture of cyclohexano] (500 mg, 5.0 mmol) and triethylamine

1 . .
5 (836ul)in methylene chloride (4 ml) was added to a 0°C solution of

phosgene in toluene (5.8 m], 20%). The resultant mixture wag stirred at
0°C for 2.5 hours. TLC showed completion of the reaction. The solvent
Was removed and anhydrous ether (50 ml) was added. The mixture was
filtered and the filtrate was concentrated to give 726 mg of the desired

20 product as a colorless oil which wag used without further purification. IR

(film) 1776 cm-1L.



151 15 Novenber 2002 Exanple 62 NIIHHCL H N\N~~~" CO2H 2 H~, N OIIl HO
COOCHg ~a) 0 C~:~ O G N., O~CazC.-..~-~11 ~ HOCNIv 0 O COOCh3
IN Sodium 1.1,1.3, 3.3-hexanethyldilsilazane mtetrahydrofuran (143 ~1)
0.14 mmol) was added dropwi se over 5 minutes to a solution of the benzyl
ester product from Exanple 1(c) (81.3 ng. 0.142 nol) in dry
tetrahydrofuran (5 m) under nitroge9h7at -78C. After waNBvember 200QC 10 and
stirring for 30 mnutes, nethyl-(S}-(-)-2-isocvanato-3 phenyl propi onate
(29.2 mg) 0.14 mol) dissolved in tetrahydrofuran (5 nh was added dropw se.
After one noré)hour of stirring, the reaction solution was allowed to warm
to OC and was then poured into potassium bisulfate solution (30 m, pH
adjusted to 3.5) containing cru%hed &) fofl)l owed 15 extraction with
ethyl acetate (3 x (EHyyhy=C Nned N+garioc—y 2 was washed with water
and brine and finally dried over sod sul fate. filtrate was

concentrated in vacuyqQ to gi{q% 02 ng of crude_ product as a |ight yellow
oil. Purification wuﬁ?my byleming (aph yilb 4-dimethylaminopyridine (3§ me)

o e o oS e (BT 25 2 °
O e ARRAHETRor 0 B g CRR N oY, 0

<Ifter additi qfipetazifdecabdd¥htdN500 ot DS ntRbB it ShefifileiDihBRde X8 mpHA in

ether (120 ~1). hydrogen was bubbled in the formof a constant slow stream

over 90 m nut €Eh¢ hixtngie whe stiered at00P G and enanted tAfddh teapptaiureoverf 4t he
reaction as confirmed by TLC. a stream of nitrogen was used to renove
excess hydr ogeipUnse d heEeactiontwamavenchet avith ¢he addition of waterdfld mheThe

catalyst. Filtration through a,l ayer .of flo r whi ch, was washed 10
first with di Wﬁ&?’%@éﬂaﬂﬁd&‘ S%ﬂw%?rteiﬁﬁ?&éﬁe | BRAICIAYEWES Thi s

10 washed with brine (2 x 10 ml), dried over magnesium sulfate, and

concentrated to give 832 mg of the desired product as a white solid.
IR(film) 1692 cm-1.
c)
HN/—'\
—/
15 A mixture of the crude product from part (b) (832 mg, 2.68 mmol),

i
g S

trifluoroacetic acid (2 ml) and methylene chloride (2 ml) was stirred at
room temperature for 3 hours. TLC showed completion of the reaction.
The solvent was removed and 1N sodium hydroxide solution (15 ml) was
added. The mixture was extracted with ethyl acetate (100 ml). The

20 combined organic solution was washed with brine (10 ml), dried over
magnesium sulfate, filtered and concentrated to give 535 mg of the desired

product as a light yellow oil which was used without further purification.

d)

o)
1t o)
25 N\_/



was concentrated i~z ~acuo and the remaining material |yophilized to give
45 ng of desired product as a white powder. IR (KBr) 1769 cm1l) 16?4 cmz
and 1632 cm-~; M5 420.1 (M+H)+. 15 Exanple 63 NH2CFzCOOH H2N~ N/ ~i .,. CO2H
OHOO O (honmochiral) 153 15 Novenber 2002 a) OO0 (H3c>3-c-0-c- ~N ~ ~
O CH2 O Triethylamne (0.37 m, 2.68 mmol) and pyridine

benzotri azol - 1yl oxvtri s(di net hyl am n%&phosphoni um hexaf INiRegiepooat e (0. 84
g, 2.68 5 nmol) were added to a sol ution of

N- car bobenzyl oxy- D- phenyl al ani ne (0.84 g. 2.68 nmnol) in anh~~drous

net hyl ene chl ori de A woxturp of the poeduct fyom partide)i (6B mgifand triethylamine
tert-butyl-I-piperazi ne garbox~fl| ate After stirring the

0.~ g. 2.68 ).
m xture for 5 13 e ?%W@F‘Q@d&é?l)ﬁg%%?@g%mggls)@htﬁ@ eERNeRBENAAS
dded and t he . ni d wi HO (1 x 10.25 m). sat
Sod um bi car ponavbene G optSRE St Q. e resnltant mirrdrm Bhb atred e 080 )
Th i i ' f : ive th
rude. oroduct TLE HURE, A heWed uitlebid] ek BLRRLCPRE BOIvRR, Bak” | Te
(silica ges) Qem&e%ﬁd%hﬁﬁeﬁgbﬁiéggsgaﬁ w&sdké@m afixt i@ Wasi red

product as a white foam 15 b) 0 O -CH2~ O Tritluoroacetic acid (2
m ) was added filterad saxid.thedmltrste twas gonodntrtatéd oongpeerthe (caitdé p2od ) (62648

mrol ) in anhydrous nethylene chloride (2 n) at_ 0C The m xture was warned
to room t enpeBgLAtanfmangs eil.cfurification of ghe srinde poduckprevided §26 meefiensed

to give a colqfless. oi.l i ch was f{aken..up . o].uti on,qf, 11T HCA in
ether (0 a8 nitne Seairdpeaue s R vahiviordh 4 dla) ttnie1 doet iy,

resul ting susggnsi on was concentrated to give 230 ng of the hydrochloride
salt of the desired product. M5 368.2 (Mtl-~+. ¢) 0.0Cl- C~~" C O CH 5

O The product frompart (b) (?110 ng. 0.2 r mol) was added to a
CHz—O—é-N __@
C0O,-CH
1 /lL A T
@—cn:—o—cw N
HoH ™\
7 - N N—C=-0
o’ N\( NIV —O
0 0]

Triethylamine (34 pl), 4-dimethylaminopyridine (20 mg) and a

10

solution of the product from part (d) (65 mg, 0.24 mmol) in methylene
chloride (1 ml) was added to solution of the benzyl ester product from
Example 1(c) (113 mg, 0.14 mmol) in methylene chloride (1 ml). The

15 mixture was stirred at room temperature for 2 hours. Analytical HPLC
showed the reaction was complete. The reaction was quenched with the
addition of 1N potassium bisulfate (15 ml). The mixture was extracted
with ethyl acetate (100 ml). The organic layer was washed with brine (15
ml), dried (magnesium sulfate) and concentrated to give the crude product

20 as a colorless oil. Purification by flash chromatography (50% ethyl
acetate/hexane) gave 113 mg of the desired product. IR (film) 1786 cm-1,
1734 cm-!, 1683 cm-!, 1639 cm-1.



m xture of phosgene (0.36 m of 20% phosgene in toluene solution, 0.68
nmol ) and sodi um bi carbonate (300 ng) in nmeth~rlene chloride (4 m). After
stirring for 3 hours at roomtenperature, the mxture was filtered 10 and
the eluents were concentrated to give 1G- ng of the desired product as a
clear gel. IR (film 1707.4, 1645.6 cm1l. d) 0 O--_ CH2_ ~" ~C N CO- CH

- '~00cH- 0-¢c-~~rrrsno388~ -~ p- 015 Tr1§N6yéﬁmenQ0031 ~ ~1,
0.23 nmol ) and di met hyl ani nopyridine (10 12 crystals) were added to a
solution of the benzyl ester product of Exanple 1(c) (86 ng, 0.15 mmol) in
met hyl ene chlgyide (3 m), followed by the addition of the acid chloride
product frompart (c) (99 ng, 0.23 mml). After stirring at room
tenperature for 1 hour t%cﬁpﬁture was 20 concentrated and purified by
flash col umm chro i cagdeiy 0 50% et hyl acetate/ hexane) to
gi ve 90 ng of the |r pr odu'r% a 155 Novenber 2002 col orl ess
oil. M5 966.5 (MtH)+, 964.7 (M H) Ift l|l786 5 cml.
e) 2CF3COOH H2N N~~~,,. CQzZH Qm_ @w Cﬁ? léﬁké%ﬁh
product frompart (d) (89 ng. 0.092 I) was deprot ted and wor ked- up
according to the procedure of Exanpl e© 55(c) to give 68 ng of the desired

product as a whiteyy tibaldad PRif i Br)
1290.0. 16 i 0.0 cmﬁpre% ipg ﬁ“ﬁ e 64Zﬁ‘§¥1§\@w ?md,ﬁh,%%w F%r?oifmga ') H
| VN-SOz N ( ©ti4 inﬁol@a@cc&)img to the procedure of Example 19(c) gives 33 mg of the
5 desired product as a white solid. MS (M+H)* 453.3, (M-H)- 451.5; IR (KBr)
1790 cm-!, 1674 cm-l.

Example 31

NH-HC1

HzN)L NN, COzH
H l o
O&'—N\", N'—C—-C(CH3)3

{homochiral)

10
a)

Cl=— g——N/—\N— g— C{CHs3)3
N/
Following the procedure of Example 22(a) through (c) but
substituting tert-butylcarbonyl chloride for the tert-butyl acetylchloride in
15  part (a), the desired product was obtained as a pale brown solid. IR (film)
1733.2, 1616.4 cm-L.



(H3C)3C-0--C ~ -S02-NICH3)2 15 Dii sopropyl et hyiam ne (560 ~.1),

di met hyl am nopyridine (33 ng) and di net hyl sul fanoyl chloride (462 ng, 3.22
nol ) were added to a solution of N-(tert-butoxycarbonyl)pipexizine (600
ng, 3.22 mol) in nethylene chloride (15 m ). The m xture was stirred
overnight at room 20 tenperature. The reaction was quenched with the
addition of 1IN HO solution (20 m).10the nmixture was ¢xiNAeh@sbrgddo2 et hyl
acetate (2 x 100 156 15 Novenber 2002 ml). The extracts were conbi ned and
washed with brine (2 x 20 m), dried over magnesi um sul fate and
concentrated to give 0.93 g of the crude product as a white solid which was
used without ygurification. b) n HCL ~ -SO0O~-N ( CH3 ) 2 5 ~ m xture of the
product frompart (a} (0.60 g. 2.0 mmol ), trifluoroacetic acid (15 m) and
met hyi ene chloride C30 m) s stirred at roomtenperature for 2 hours. TLC
showed conpl et e _he _Hgon. The sol vent and exc tr ifluor oacetic
acid wer a reno . € resid was 10 di ssol CHe7 i mum anount of

met h~~l ene chlaR de fol | owed t he gadin. | of 1IN HCllether (?.0 m) and
anh~~drous ec GHor P~ prg)duct was| colfl ected b~- @§iltration to give
430 nmg of the Tesired produ as a wite = W& H+ 194.1. 15 c)
01l d-C ~ -SO--N(CH3)2 Sodi um bi car bahat e \qj_ﬂ/asca%%g%?é a

sol ution of phosgene (2.1 m, 20%in tol uene) i(j"] nmet hyl ene chloride (20 m)
followed by the addition of the product frompart (b) (300 ng, 1.3 nmol).
The resul tant reacTriethyleming(@#anga}286 mmeldaamd‘&-&unetladpmmnplymdimr 40
m nutes. TLC showed co etion qf .the reactiopn. The reaction s quenched
by filtering &l ﬁ’é’%g@ ﬁ’ﬁl"ﬁiaé@feééﬁatsé’.“t%° the; banzyhastez pxpanet e o gi ve

330 g of 5t hegdesini€d (86 %es, 0.157 tlnbiPin WletRyfle hloride (1 ml). A solution
of the product from part (a) (59 mg, 0.236 mmol) in methylene chloride (1
ml) was added and the mixture was stirred at 0°C for 30 minutes followed
by stirring at room temperature for 6 hours. The mixture was then
evaporated in vacuo. Purification of the residue by flash chromatography

10 (silica gel, O - 30% ethyl acetate/Hexane) gave 89 mg of the desired product

as a colorless. MS 769.4 M+H)*, 767.6 (M-H)"; IR (film) 1785.4, 1733.4,
1679.4, 1635.9 cm-1.
c)

NHeHCl
H

|~ 8
o? N\“,l\{ N—C— C (CH3) 3

0 (homochiral)

15 The product from part (b) (87 mg, 0.11 mmol) was deprotected and
worked-up as described in Example 21(d) to give 10 mg of the desired
product as a white solid lyophilate. MS 411.2 M+H)*, 409.5 (M-H)"; IR
(KBr) 1788.0, 1742.0 cm-1.



157 15 Novenber 2002 d) 0 /~ il ~CHz-OCGN-.--~~1 O~ Q2CHz~ li~.. OC
O CWHHt O~V - SO-N( CH3 ) z O Diisopropylethylamne (35 ~, 1, 0.20
nmol ), di net hyl am nopyridine (23 ng) and a solution of the acid chloride
product frompart (c) (51 ng, 5 0.20 mmol) in nmethylene chloride (2 m)
were added to a solution of the benzyl ester product of Exanple 1(c) (100
nmg) m nethylene chloride (1 m). ThdQi xture was stir{sfogbmbes@002nper at ur
a overnight. :~nal~-cical HPLC indicated the reaction was conplete. The
reacti on was quenched with the addition of 1N potassium sulfate. The
m.~ctur a was extr acted with ethyl IBxaggflage The extracts were conbi ned
and washed wth brine, dned over magnesium sulfate, and concentrated. The
resul tine crude prddadroduet of Bxgmple Bl whk aido miepared agfalfdws: (3%

met hanol | net hy] ene chloride) to give 101 ng of the desired product as a
white foam (MEH)T 792.4. (MH)- 790.7; IR (film 1786 cm1) 1 ~ 36 cm—,
1680 cm~, 1640 cm1. 1~ e) NH HzN- 5~~,,. COH | ~-N-SOz-N ( CH3 ) z OO
(honochiral) A mixture of the product f¢yompardt (d) (95 ng, 0.12 mol), 1N
HCL (120 ~t.l. 0.12 mml))(}&ﬁéi3ci'0"%‘f)§1'|w&r&ﬁ‘5 datal yst (49 ng) in
20 di oxane (3 m) was stirred under hydr n at nosphere (hydrogen ball oon)

t TuOmt t : . | j R i i t ed | gt f
The reaction. The Becifiion BUhRAORNERle (s B IOE HESHIR B IGE ' 15
15 Novenber 2QRRrr(200RDERAS 28864 bPeId Wankha t%ré@&u@foafqﬁteagg?m@' t).

Purification by preparative HPLC (reverse phase. nethanol,
triffuoroacet pipexaizije darbbxyiace (9/1Pas4d 2omindloigheehylehy ¥hivridy4oahi)done

col um gave 32 Sg of the desired product as a white fluffy powder. M5 434.3
(MrH) *, 432, 3at QBCrynder mitrogen) AfezsitirrBghemeacticix anigturetat MeBCL ~ 4 )
C—I\I—CHI-C—OC&CHB 3 Hi stg H Q~hl N~~-O (CH! ~~ 0 O (honochiral) 10 a) O
0 CH2-O-C-N - wgé,ga_tu@ Q8 &bpuys.dhe reagtion RIxturewas Royredyintg hexgme (60 ~
sol ution t c T .0 a i di u . Exanpl 482
o) 1 0 il ) i L fh Al Sh0RIRRORY Bhodtiob i nRah it
argon at nosph@egaAshdthFRINRYIHIBFHAE 2NN £ 381U The AniBIREd eWsht was
concentrated to approximately a 20 ml volume and the precipitate that
formed was collected by filtration, washed as above and combined with

previously collected solid. The solid was dried under vacuum to give 14.1 g

15 of the desired product. MS 286.2 (M+H)*.

b)
~ 0
m  N—C—N—C(CHy)
LN 3/3
/

Trifluoroacetic acid (25 ml) was added dropwise over 5 minutes to a
20  solution gf the product from part (a) (14.1 g, 49 mmol) in methylene
chloride (25 ml) at 0°C under nitrogen. The reaction mixture was stirred
at 0°C for 20 minutes and then at room temperature for 2 hours. The
reaction mixture was transferred to a beaker (100 ml) and diluted with
ethyl acetate (200 ml) and water (200 ml). While vigorously stirring the
25 biphasic mixture sodium hydroxide (25% aqueous) was added dropwise
until the pH of the aqueous phase was about 12. The organic phase was
separated with an additional portion of ethyl acetate (200 ml). The



added. 1.1 Equivalents of a 0.5 Msolution of tert-butylglyczne ester,
hydrochl oride (184 ng, 1.1 nmol) was added foll owed by the addition of
beazotri azol - 1-yl oxvtri s(di net hyl am no) phosphoni um hexaf | uor ophosphat e (486
ng, 1.1 mmol). The reaction was stirred at 20 -20C for 24 houxs, poured
into 5% potassium bisul fate solution and extracted with ethyl acetate. The
ethyl acetate extract was washed wi tAORater and brine,q E?@gvg%bEQZQN?r
sodi um sul fate. The solvents were evaporated and the crude residue was
purified by silica gel 159 15 Novenber 2002 chronot ography eluting with
ethyl acetate to give 396 ng of the desired product_as a colorless solid.

M5 596 (wmmmMPed opganics were dried-qygr soligm sglﬁaxaﬁh@e@@ct CH3)3 |~~.. O
CH- O OG- 0 OO lLuti on of the
pr oduct frorr?%&f*?tr@ﬁﬁd E%@Ueﬁ&gef%%g%zﬁﬂ)d)pwcfﬁﬁ&ﬂ ’rtSﬁP g (38 ny, 0.37

mmol) in netlyl ene chloride (4 mM) was stirred at roomtenperature and 1.1
equi val ents of 1-phenetht~l ox3~pi perazi ne-4carbonyl chloride ( 110 ng) 0.3 7
nmol ) was added. Di nethylannopym)dl (10CMQ was added and the reaction

m xture was stirred for 30 h g_g% fea t| nnygs diluted with

met hvl ene chl ori de, washed w T ang dfi ed oVeF anhydrous sodi um

sul fate. The crude product was purlfled by flash chromatography on silica

gel elutimg with gtdayktice 6f eecpnodelctl fridth gaf MY (BhoudthEL RehPegduct aS a
colorless glass-libe resi dueéagl)\/s 856 I\/Hr8+ (Tj%(c) NHHC ﬁiio H2ﬂ~N’\/| .

G H CHZ- G O chipfida) acetbiniirile C:0- ¢CH) was i ded( dwmpwike ouey 10 nsimubes tma of t he
product from part (b) .(200 o0._234 ,} in dioxane_ (5 n1 cont aining 1.1
equi val ents 89lutiop oggens 64P% i golugne of Ghindy 48€ mmoboatPer ander h 10%

| 1 adi b f h h fil d
8 S T B i i
e o ot e

product b E%Bﬁb&ctﬁ@n Rt uie, wis Bankiatdd vRs segdfstotp finndll Haaeareitc acid
(1 mM) at OC and the m xture was stirred for 30 m nutes. The

trifluoroaceethylacethted35€ i) andtveasheddwithe2 N dECH (Rx\ido wl)s SBhe exainics
LY S el Tl Sl &
Purification by flash chromatrography (silica gel, 0 to 50% ethyl acetate in
hexane) provided 7.8 g of the desired product.
15 d)

i
. D)
“ $ Ilh.‘
@—-CH'Z— 0-C-X g/\/ |

b—-—-N / \) lcl) H

N N C— N—C (CH3)
\h/ [ 3)3

The carbamoyl chloride product from part (c) (4.5 g, 18.2 mmol),

N

triethylamine (2.6 ml, 18.2 mmol) and dimethylaminopyridine (225 mg)
were added to a solution of the benzyl ester product from Example 1(c)
20 (6.94 g, 12.13 mmol) in methylene chloride (50 ml) at room temperature
under nitrogen. After stirring the reaction mixture at room temperature
for 4 hours, additional portions of the acid chloride product from part (c)
(1g, 4 mmol) and triethylamine (1 ml, 7 mmol) were added. The reaction

was stirred for an additional 3 hours. The reaction was diluted with



HC1 . OHH2ZN N~~""~C NCHB HO i /~~ 1l -Cp-i-[CHCH3)272 OH
(homochiral) 15 a) OIl HO- CHR- O IGC NC N- CH3 O /~~i... CH" 0- IC
HHNHO A solution of the carboxylic acid azetidi none product of Exanple
1(b) (150 ng, 0.311 mol) in tetrahydrofuran (3 m) was cooled to -20C
under an argon atnosphere and N net ha;l nmor pholine (34.6 ng) 0.342 mmol ) was
161 15 Novenber 2002 added. 1.1 Equi ¥@Bents of a 2 M 3gINEVeRRb&R002

nononet hyl ami ne in tetrahydrofuran was added foll owed by the addition of
benzotri azol - 1yl oxytri s(di met hyl am no) phosphoni um heYaf | uor ophosphate (1~1
ng) 0.341 mmol ). The reaction was stirred at -20C for 48 hours, poured into
~ 5% pot assi puRaeSB| hBlzhdHeiru@d readtsort Klikitletta¥ddl el dhth aBiBEAt €. The
ethyl acetate extract w as washed with water and brine, and dried over

sodi um sul f atodumhhgvertdd witthshexame) forgporifitsiomby fldsh chromatsgaplydOwas
purified by silica chromatography el uti rjg rith eth~-1 acetate to glilve 124
nmg of the deB(%&thylangtate inshexang) tr prayide 3i46g obtle degirgdpreduct.1H1P)

O—-cH-- 0-- Lo, A5 W 5% gl Cp _C TT Tv HO I J~~~~., I
O-[-(CH(CHS %i‘“%ﬁﬂﬁl%%%%%of the product frompart (a) (100 ng, 0.2
mmol ) ang triyethylanmne (23 ng. 0.22 mmol) in, meth~~lene chloride (2 nl)

was 15 stirred at roomtenperature and 1.1 equival ents of
1- di i sopr opyl net hoxyN&ar bonyl pi per azi-pgg4- car bonyl chloride (6~ nr. 0.'?25

mol ) was added. Diﬁtohyl am nopyri dihe (8 ng) was added and the reaction
m xture was stirrhgﬁ g/r&’hjoﬁr's. e reaction was diluted with nethyl ene
chloride) washed wth Brine, and drjyed over_anhygrous sodium sul fate. The

crude 20 product was purified l‘é\hghﬁ/o—_raﬁgg&,a CQEHi)i;J ica eluting
1

with ethyl acetate to give 58 of thydesired product as "a col orl ess
gl ass-like residue. M5 750 (MrHt. 15 Novenber 208ndon ke yHzN
N~~""~C~CHBH1~-CO i -[CH(CH) 21 20

Water (50 ml), concentrated HC! (0.8 ml. 9.6 mmol) and 10%

palladium on carbon catalyst (7.5 g, 50% water content) were added to a
10  solution of the product from part (d) (7.46 g, 9.57 mmol) in dioxane (125

ml) at room temperature under nitrogen. Hyvdrogen was bubbled through

the solution for 30 minutes and then the reaction was stirred under

hydrogen (1 atmosphere) for 11 hours. The reaction was filtered through a

Celite® pad which was washed with water (about 100'ml‘) until no product
15  could be detected in the eluent. The solution was frozen and lyophilized to

give 4.5 g of a white solid. Purification by HPLC (reverse phase, methanol,

water, trifluoroacetic acid), subsequent lyophilization, filtration through

polyvinylpyridine with a water mobile phase, and final lyophilization

proved 3.3 g of the desired product as a voluminous white solid. MS 426.2
20 (M+H)*, 4244 (M- H);; IR (KBr) 1777 cm-1.

Anal. calc’d for Ci1sH31N7O5°1.56 Ho0:

C, 47.66; H, 7.58; N, 21.62; O, 23.14
Found: C,47.58, H,7.37; N, 21.41.



O H (honochiral) A solution of the product frompart (b) (53 ng, 0.07 mol)
in dioxane (3 m) containing 1.1 equivalents of 1IN HCO was stirred under a
5 hydrogen at nosphere with 10% pal | adi um on carbon catal yst (20 ng) for 2
hours. The reaction was filtered and the solvents |yophilized to yield 32
ng of the desired product as a colorless solid. RZS 482 (1VI+H)+. Exanple
ss IONIHHCL O 2N~ N/ i~.) I1C_ ~-H¥H O ~ ~ -- ~ O|ENgvERDer20020
(homochiral) a) 0 CHZ- O ~C Nq HGi~CH3 0 gin.. ~CHo-ICHHON "'1Q
Ni-OC(CH3)s ~O~/ 0 15 A solution of the product from Exarrple fi?(a)
(120 ng, 0.242 mmol) and triethylamne (3? ng) 0.363 nmol) in nethyl ene
chloride (3.5 mM) was stirred at roomtenperature and 1.1 equival ents of

| -tert-butoxy carbonyl pi perazi ne-4-c§l@&.§ﬁoride (90 nmg, 0.363 mml) was
added. 163 15 Novenber 2002 Di net hyi am nopyridine (fi ng) was added and
the reaction mxture was stirred for 2 hours. The reaction was diluted with
met hyl ene chl ori de, vmhml_‘c:@ot{h brine, and dried over anhydrous sodi um

sul fate. The crude gr d ,s purltogql by flash chromat ography on silica
eluting with ethyH2 ta e 100 ng of the désomechipralduct as a
col orless glass-Iike re5| due. 08 (MR bﬁ N~I HH 2N~-N~/1,,,,

C =G HI-NN-CG C  CHY) AN K] GIS—Cronnp- (D) ~ sol ution of the
product frompart ~a) (90 ng, 0.127 \—)—an 10 di oxane=~{3 m ) containing
1.5 equivalents of HO was stirred udder a hydrogen at nosphere with 10%
pal | adi um on far bon cataly st f,35 ng) for 2 hours. The reaction was
filtered and® he sol vents Iyophilized to give 38 ng of the desired product

as a colorless solid. M 4390(M+ﬂ) (aj =14 (c=1. nethanol). 15 Exanple
69 N "HHCL O H N=N~-~~'" -
(H3C) 3C— O“ C"‘ N"—C— CH,

5
Following the procedure of Example 23(a) but substituting

phenylacety! chloride for the 3-phenylpropanoic acid chloride. the desired

compound was obtained as a yellow solid.
b)

I? @
HN  N—C—CHs
10 e/

A mixture of the product from part (a) (2.68 mmol), trifluoroacetic
acid (10 ml) and methylene chloride (10 m!) was stirred at room
temperature for 90 minutes. TLC showed the completion of the reaction.
The solvent was removed and 1N sodium hydroxide solution (10 m!}) was

15 added. The mixture was extracted with ethyl acetate (100 ml). The
organic solution was washed with brine (20 ml), dried (magnesium
sulfate), filtered and concentrated to give 536 mg of desired product as a

colorless oil which was used without further purification. IR (film) 1630

20 o



|l O~~-~~0OC(CH3 ) 3 p O (honochiral) a) 0 0 CHZ 0- CN C NH2 CFA-'
O G- NHt NHO 164 15 Novenber 2002 Foll ow ng the procedure of Exanple
67(a) but substituting a 0.5 Msolution of anmonia in dioxane for the 2M
sol uti on of nononet hyl am ne, the desired product was obtained as a
colorless solid. M5 482 (MMHH)+. b) 0O CH O CNG-NH2 ~CH-OCGNNI -- i
-OC( CH3 ) 30 5 0 Reacting the prd@Bct from part (3ap NbJdmBerd 2002

but oxycar bonyl pi per azi ne- 4- car bonyl chi ori de according to the procedure of
Exanpl e 68(a), the desired product was obtained as a colorless glass-like
residue. M5 694 (l11~I+H)*. 10 ¢} NHHCL II || H2N~ H~/i~.,. QyZ | - ~-OC
(CH3 j g p ~ tnonaanistare oDey praitict drom pEridY KE18me, Otdtempislyuad from part
(b) according to the procedure of Exanple 68(b) gives the desired product
as a col or| ebsetihylamine (92\E) 4@ Gn¢titvidre clbipridel (@ ml) Wb added to-a-solutichl ,, C
~-C O0--C(CHB)3H. O-COi---1CH(CH3)212 0o H (honochiral) 165 15
Novenber 2008f phosgene (351 ul, 20% in toluene) in methylene chloride (1 ml) at 0°C.

The resultant mixture was stirred at 0°C for 2 hours and worked-up
5 according to the procedure of Example 23(c) to give 74 mg of the desired

product as a yellow solid. IR(film) 1735 em-!, 1645 cm-1.
d)

i
@_CHZ—O_C'IN COz-CH—:—@
P L —
i /Il..‘
(O)—curo-c-x N~ 0
H H ) X N
pomemmm— J — ™ —
o7 I\YI\ N=— C—CHj
0

Triethylamine (34 pl), 4-dimethylaminopyridine (30 mg) and a

10  solution of the product from part (c) (74 mg. 0.28 mmol) in methylene
chloride (2 ml) were added to a solution of the benzy! ester product from
Example 1(c) (113 mg, 0.20 mmol) in methylene chloride (1 ml). The
mixture was stirred at room temperature for 2 hours. Analytical HPLC
indicated that the reaction was complete. The reaction was quenched with

15  the addition of 1N potassium sulfate (10 ml). The mixture was extracted
with ethyl acetate (100 ml). The organic layer was washed with brine (15
m}), dried (magnesium sulfate) and concentrated to give the crude product
as a colorless oil. Purification using flash chromatography (30 - 50% ethyl
acetate/hexane) gave 73 mg of the desired product. MS (M+H)* 803.4, (M-

20 H) 801.5; IR (film) 1785 cm-!, 1733 cm-!, 1733 em-}, 1677 cm-!, 1640 cm-1.



~CH2IOCNO~O'- NN CGC O C(CH) 3~ N~,,.. O-c~z-0_ CHHI
NH O Fol | owi ng the procedure of Exanple 67?(a) but substituting

1-t ertbut oxycarbonyi pi perazine for the nononeth~-1am ne. the desired
product 5 was obtained as a col orless solid: 1ZS 651 (~~I+H)T. b) O CHz-~O
N-,. \Vh '"-" I _. ~G ~ (r~l" ~ X N~~,,.. Il OcH o0-Cc i~~~
~1-COC(CHCH3) 2]~ GI Oii sol ut it of the pr oductq15 Novembet 2003 (100
ng, 0.2 mmol) and triethylamne {23 ng, 0.225 nmol) m et hyl ene chloride (2
m) was 10 stirred at roomtenperature and 1.1 equival ents of |-diisopropyl
et hyl oxycar byl pi per azne- 4- carbon~~l chl oride (63 nmg, 0. 25 mMmmwi) was
added. Di net hyl am nopyridine | 8 ng> was added and the reaction m xture was
stixred for 48 hour s.NHEREF3&%Etion was diluted with nethvlene chloride,
washed with brine) %12 redoner apfa9si ous sodi um sulfate The_15 crude
product was purifie tography on silicaRIRRFAF2M th et hyl

acetate to give 68 ng of the degir product agi a colo s gl ass-Li ke

resi due. M5 906 (MrH)*. ¢) O | ~ N*C—@A:@o C(CH) 3H
~.~0O0ON~-CO ~~ - ( 2 H (honochira 166 15 Novenber
2002 A solution of the product frompart (b) (60 ng, 0.07 nmmol) in di oxane
(2 nl) containing ITHe ucebhent pagf (df (@7 ﬁ{gH@'SBVB&o‘i)tW% ggpmggg}%gnﬁydrogen

at nrosphere with 10% pal | adi um on carbon catal yst ours
reaction was fworkedeup acodrdimng tscthe«pm@dhy@pﬁﬁiampté ISJic)ynoemvzb A mdofmheof the

desired produc as a cql orless sol id, M5 637 (MH) + l e 71 _NHHC1
H2N~i v~~' CCZLF aPﬂan) ajyvipte ppliy M TS 3) (erH 3.41 BRI H3
Met hyl i odi de ( %6—;171c£gol) was added to a solution of (R )-1
phenyl am nopr opane 82 mmol ) and potassi um carbonate (292

Example 34
NHeHC1

HzN NM //1,“ COzH
H ‘
/N

o
]
LN N N e Coveee Q= CH~
o” I\\'(\ / _O
0

(homochiral)

10 a)

el o)
\—/ :

Following the procedure of Example 30 (a) through (d) but
substituting cyclohexylmethanol for the cyclohexanol in step (a), the
desired compound was obtained as a yellow oil. IR (film) 1743 em-1, 1702

15 cm'l '

b)




ng) 2.12 mmol) in tetrahydrofuran (5 m). The reaction mxture was 15
stirred at roomtenperature for 4 hours and then heated at 40 - 45C for 14
hours. The reaction mxture was filtered. The filtrate was concentrated and
purified by flash colum chronmatography [elute with 5 - 10% amonia (2Min
met hanol ) in nethylene chloride] to yield 43 ng of the. desired product as
alight yellowoil. 20 b) 0 0 ~3 CHAQGH3 167 15 NowgykeyeRB86R228030l uti on
of the product frompart (a) (40 ng, 0.268 nmol) and triethylamne (27 ng,
0.268 mml) in nethyiene chloride (1 m) was added dropwi se to a sol ution
of phosgene (0.265 m . 0.536 mmol) 20 % in toluene) in nethylene chloride
(1 M) at OC over 10 mnutes. The reaction mxture 5 was stirred at OC for
1 hour. The reaction m xture was concentrated and the residue was added to
anhydrous ether (20 m). The forned white solid was filtered out. The
resulting filtrate was concentrated to ~ield 51 ng of the desired product
as a yellowoil. ¢) 0 ~C'=-0-CGCNCG-Cn_0,) ~O-ICNN. ~~-Ha HH I
ST~\NO ICH3 UIIC 10 CH2 ~ Cri; A mxture of the ben~I| ester product from
Example 1(c) (80 ng, 0.14 nmol ), the acid chloride product frompart (b)
(44 ng) 0.21 mol ), dinethylam nopyridine (17 .1 ng, 0.14 nmmol) and
triethylamne (21 ng, 0.21 mmol) in nethylene chloride (3 m) was stirred

at roomtenperature | . T ed b~
flash col um chromat (;gl?%gﬁy “(Cg?l%gxf Ra;%ﬁ {]s‘”%ég y t%ecégﬁﬁl\é?tger eé%‘#e
yield 62 nmg of tfaemdBedrng Ebﬁﬁpﬁé&idﬁcgé@tﬁ@bﬂfcb@ﬁ& @Exmi;)lew@kolﬁ%%h@' L~
COzH (honochiral) HO ~N 0 CH3 CHzZ- A m xture of the product tom part
(c) (60 ng, O. Oaiestneld)groﬂm pahlcattiriess ofl. d&r(fidm) dZ86kMmst, 1782 48 'ng680. 0008
mmol ), and 1N HO go

1639 cm-.
5 o
NH+HC1
H;)N/u\ lp\IT/\/%‘ ___rcozH
Y o /_\N—lé—-O—CHz
© o —/ (homochiral)

The product from part (b) was deprotected and worked-up as
described in Example 21(d) to give the desired product as a white solid.
MS (M+H)* 467.3, (M-H)™ 465.5; IR (KBr) 1778 cm-!, 1541 cm-1.
10



168 15 Novenber 2002 m, 0.08 mmol) in dioxane (3 m) was stirred under
hydr ogen at nosphere (hydrogen bal | oon) at room tenperature for 1 hour. The
reaction mxture was filtered through a Celite~ cake. The resulting
filtrate was |lyophilized to yield 31 ng of the desired product as a white
solid. M5 390.1 (MtH)*; 5 IR(filn) 1780 cm-l. Exanple ~2 NHHC1I H2N~ N~~~' ~~
CO=-CHI-CH (CH3 ) HO ~-N N - 13-C10&H3 ) 3 0 ~ H015N60€m¥r2062 ) a) O
/~11 ( V)--CH-OCN Q@~-CH=-CH(CH3 ) 20 ~~i~~,. OCN _NHHNHI10
0 Cesium carbonate . (29 ng, 0.088 nmol) was added to a stirred sol ution of
t he carboxylic acid azetidi none product of Exanmple 1(b) (85 ng, 0.176 mmol)
and | -i odo- 2- net hyl propane (81 ~1. 0,705 rrm)l i n di net hyl f ormam de (500
~1) at roomtenperature. after 24 ho&@.—ﬂ- 5 reaction was partitioned
bet ween et hyl acetate and water containing a small anmount of sodium
thiosul fate. The organic phase was isol ated, washed with saturated sodi um
chloride) dried over nﬁfg ium sul fape, and concentrated. The resi due was

I

purified by silica ge tography to afford 62 ng of the desired
product . 169 15 e‘!ﬁwf\?ﬁ(’)z b) %':@42 @SI C—N 0~-CHz-CH (CH3 ) 2 ~ ,.

~CH-OOCNN_HHI QNIN-N C 370 0 The product from part
(a) (62 ng, 0.115 mmol) and the ag or| preasictcyIgm Exanpl e 32 (c)
wer e di ssolved in nethyiene chforide N2 ) 5HTr| et hylame (24 ~tl.

0.173 mml) was added fol |l owed by di thv amopyr i dmy Hohodtiz@l1923 mmol ).
After-12 hours, the reaction m xture was concentrated and the crude product
was purified de silica gel chromatography to give 6~ ng of the desired
product. ¢) N riHCL HZN~ | ~~~~' ~0 CO?-CH=-CH (CH3 ) ~ H

i
(O)—cH—o- C‘lN € 0= C3Hs
2 I _(
l,,
@—— CHrO— L y /\/

o NH
5 . o’

Cesium carbonate (14 mg, 0.042 mmol) was added to a stirred
solution of the azetidinone product of Example 1(b) (40 mg, 0.083 mmol)
and iodoethane (27 pl, 0.332 mmol) in dimethylformamide (200 pl) at
room temperature. After 3 hours, the reaction mixture was partitioned

10 between ethyl acetate and water containing a small amount of sodium
thiosulfate. The organic phase was isolated, washed with saturated
sodium chloride, dried over magnesium sulfate. and concentrated. The
residue was purified by silica gel chromatography to afford 33 mg of the
desired product.

15
b)

|
T N Ne—— C=—=N=C (CH3)
o7 \"/, ] y (CH3)3



O-C-ii-C(CH3) 3 0 10 O (honochiral) The product frompart (b) (65 nyg,
0.087 mml) was dissolved m1,4 dioxane (1.0 m). IN HO (8 7 ~1, 0.087)
was added foll owed by 10% pal | adi um on carbon catalyst (12 ng). A hydrogen
at nosphere was introduced via balloon. After 30 m nutes of stirring at room
tenperature) |Ib the reaction mxture was diluted wth water: 1, 4-di oxane
(1:1) 4 n) and filtered. The filtrat@ was | yophili zefh Nevainber 2082 ng of
the desired product. IR(KBr) 1788 cm1. 170 15 Novenber 2002 Exa~rnple_73
NHHC1I H N~ | ~"" COz- (CHz) z~ 2 HI ~-~O~N CGC H CI| CH3) ; OO

t honochiral) a) 0 H~CH2-O-C N Qz- (CHz) z~ 0 ~~ OGICN-~TCH Hr NH O
5 Follow ng the r Iﬂlgfet

i odoet hyl )benzene Oﬁf&[&#gt%fq %?Pa%(s ?Eﬁr (%6%%?1%:% dem?ltepgi.co%%ound was
obt ai ned. b)caQbmonMbhd@o@thle%uIaCI—lz) Zz~ N~ ~--~ CH- p... IC_ NH ~
OONNIN G N C( CH3) 3 -/ HO10 The product frompart (a) (86 ng,
0.0147 mmol ) and the acid chloride product from Exanple 32(c) (51 ng, 0.206
nmol ) were reacted acc&rdl ng to e procedure of Exanpl e 72 part (b) to

give 98 ng of the desnred/p"r'hductu c) NIHHCL H2N~ ~/i~,, COz- (CHz) z
. 1—C-N N—C~N=-C(CH3) 3
H

5 (56 mg, 0.227 mmol) [prepared as described in Example 32(c)] were
dissolved in methylene chloride (1.80 ml) and tetrahydrofuran (0.20 ml).
Triethylamine (35 pl, 0.252 mmol) was added followed by 4-

dimethylaminopyridine (4.0 mg. 0.034 mmol). After 48 hours the reaction
was concentrated and the crude product was purified by silica gel
10 chromatography to give 71 mg of the desired product.

)

NH-HCL ﬁ

HNT NN C—0—C2Hs
A

y N C—N C (CHa)
prm— — e (\} cmsma 3 3
O/ N\“/ \ / i E

o

0 (homochiral)

The product from part (b) was deprotected and worked-up according
to the procedure described in Example 21(d) to give the desired product as
15 alyophilate. IR(KBr) 1788 cm-!.

Example 36

NHe+CF3COCH

HzNJL %]/\/ “, COsH

{homochiral)

N
N\n/l\——’ c-o-—caz CH(CH3) 5

A

20



OH/ ~~-N CGC N C( CH3 ) 3 OH O (honochiral) 15 171 15 Novenber 2002
The product frompart (b) (97 ng, 0.122 mmpl) was deprotected and wor ked-up
according to the procedure of Exanple 72(c) to give 67 ng of the desired
product. IR (l1iBr) 1790 cm1l. 5 Exanple 74 NHCF3COCH COzH ~ nonoc hira | )
HHN~ NOii 0O ~~ _~~ Ch ~ 0 Follow ng the procedure of Exanple 34 but

enpl oyg cycl opent yl net hanol in placd 1%* t he cycl ohex~lsngbheiber 2002 desired
10 product was obtained as a colorless glass. 1\ZS 453 3 C ~t+H)+, 45L4
(MH-; IR(IgPr) 1788 cm 1. 1665 cm 1 Exanple ?5 I~Tf~i 2HC1 q ~,-~ C ~~..
~[~,. GNN ~NHS ~?N.. O CNO H 15 a) (honochiral) 0 CH2- O ch ~

C'~2 Trinet hyI sinI | socyanat @ ( , 3.22 g) 28 mol) was added 20

dr opwi se over 3’;{5@;(35_&9_@_531@@ N- car bobenzyl oxypi perazine (5.5
172 15 Novenber 2 I'1sopropyl ethylamre (9.6 m, ?.1 g,
55 mmol) in tetrahydrofuran (100 m) at room tenperature under an argon

at onsphere. The ré‘asqlnblnn\ﬁﬁsthstdlfteletebw&admaghbnate (AdEn4. 89 mena) and. The
reaction was poured nto wafer and e~ctracted with ethyl acetate, washed 5
with water ataeylaming(d0Q pl.eh98 mmodoan tetrahdrafuranTié whoves addeduct was

purified by col umm chro% ogr aphy el ut| ng wi th 20% et hyl acetate/ hexane to
give 5.1 § ofiTeRWIseAVer«Y MiBUtRS to Hsolpgopgfhgmoniparazine (4Q0NngAR0=-: b)

mmol) in tetrahydrofuran (40 ml). The reaction mixture was stirred at
room temperature for 2 hours. The mixture was then filtered and the
filtrate was concentrated to give crude product as a colorless oil.
Purification by flash chromartography (5% 2 N ammonia in
10 methanol/methylene chloride) gave 410 mg of the desired product as a
colorless cil. IR (film) 1691 cm-!.
b)
(H3C)3—-C—O—|C|!—I\4/\NH—§C'3)—O—CH2—CH(CH3)2
N—v
Diisopropylethyvlamine (380 ul), 4-dimethylaminopyridine (35 mg)
15 and a solution of isobut._vl chloroforn;ate (242 pl, 1.87 mmol) in methylene

chloride (2 ml) were added to a solution of the product from part (a) (374

mg, 1.87 mmol) in methylene chloride (2 ml). The mixture was stirred at

0°C and warmed to room temperature overnight. The reaction was

quenched with the addition of water (15 ml) and worked-up according to
20 the procedure described in Example 28 (a) to give 508 mg of the desired

product. IR (film) 1696 cm-!.

c)

]
HN N=—C=0—CHy;=—CH(CH;) 2
\—

The product from part (b) (499 mg, 1.66 mmol) was treated with
25 trifluoroacetic acid (2 ml) according to the procedure of Example 28(b) to



10 : ~ m .xture of the product fromstep (a) (3.96 g, I5 mol) and p

al | adi um on carbon cataly st ( 10~0. ~? i mnethanol ( 100 mM? was stirre d
under hydrogen at nosphere (hydrogen balloon) at roomtenperature for 1.25
hours. Filtration and concentration of the reaction gave 2.0 of the I5
desired product. ( Vj--- CH- O G N2 ~*IVN CN..;j~ ~ N ~"~ .

NH c) O A mixture of the carboxylicl1ddid azeti di none1§mx§klmnberf2®2arrpl e
1(b) 20 (180 ng., 0.37 muol)) the product fromstep (b) (62 ng) 0.48 mmol),
di i sopropyl et hyl arri ne (84 p.l, 0.48 mol ), ethyl-3-(di net hyl am no} propyl
carbodii m de, hydrochloride salt (92 ng, 0.48 mmol) and

1- hydr oxy- 7agnesdzbmyg elabealesiedmypd0ctiss analoyless oilevhizhywiasohsedan (10 m )
was heated at 60C overnight. The mxture was diluted with nethylene 173
15 Novenber md@tmfmhqa@um&wm WiREmA 2695 cayi.ed over magnesi um sul fate,
and concentra ed to give the crude product. Purification of the crude

product by flash col um chromatography (silica. ~ - 10% methanol / met hyl ene
chl ori de) gave 128 rrgoof rt,hidesbred product as a ~i-hite solid. M5 594.3
(MrH) ~. 592.3 I M Il ACHMNI~, CN~-NNGCNHS 1 I\ Ij ~~n, CH~ _
/Ti~1: --C N d) x?ur of N CprSeleka EE kideep ~c) (110 ma. 0.180

nmml ), the 10 acid chloride from Exanple 56(a) (63 ng. 0.'_'8 rnnol).
di i sopropyl et hyl angg Aﬁx%@ucéﬁon@?ﬂrﬁcﬂtﬂmtﬁg' LFTORW{JIfHAE réé‘&emx
18 hours. The

met hyl ene chl ori de was stirred at room tenperature

reaction was pdmsgmh?aﬂl hﬂuéﬂne(]aﬁdm]x 20%) at 0sGtattaidifg sotheiprevelarée 68 sol ution
and extracted with eth é acet ate 3.1 a0mM ~ . The extracts were | ~

conbi ned. dr iEsthmopler2 h@gl‘@rﬂQﬁJMgaﬂfethe sedired preduct astechlofinss cludB
product was i fied. by chromat ography (0 - 15% net hanol | et hyl ene
chl ori de) to%&%ligﬂcﬁb ’ﬁaqrfénéem red product as a white solid. M5 784.5
(1 bi +H) +, %)S(MH)- ; IR (li,Br) 1782 cm-l, 1732 cm 1, 1643 cm 1, 1586
cml. 20 e) 2H~~qH2NN~~~'~~H~NONOH(hom)chiraI) 174 15

o}

Novenber 2002 c
@—CHz'%'C'j’\ COz-CH:""@
lu,,
@——CH:-O—C N P/\/ ‘
E

/——NH N N=C=O—CH>=-CH (CH3)
O/ Y R " 2 3/2
(0]

10 o
Triethylamine (34 pl), 4-dimethylaminopyridine (10 mg) and a

solution of the product from part (d) (62 mg, 0.24 mmol) in methylene
chloride (2 ml) were added to a solution of the benzyl ester product from
Example 1(c) (113 mg, 0.20 mmol) in methvlene chloride (1 ml). The

15 mixture was stirred at room temperature overnight. Analytical HPLC
indicated that the reaction was complete. The reaction was quenched with
the addition of 1N potassium bisulfate (15 ml) and worked-up according to
the procedure of Example 28(d) to give, following purification, 92 mg of the
desired product as a colorless oil. MS (M+H)* 799.4, M-H)" 797.6.

20
NHeCF3COOH
HoN E/\/ ‘2, CO;H

(homochiral)

o N i
0 I\}\ll/ \—/N\ ~ O~CH,~CH (CH3) 2



A m xture of the product tomstep (d) (1.39 g, 1.77 mmol)) IN HO (3.54 m,
3.54 mmol ) and pal | adi um on carbon catal yst (10% 750 ng) in dioxane (30
m) was stirred under a hydrogen atonmsphere (hydrogen ball oon) at room
tenperature for 3.5 hours. Analytical HPLC indicated 5 conpletion of the
reaction. The reaction m-.xture was filtered through a Celite cake and

| yophilised to give 1.01 g as a whi 1d82solid. M5 260. §5(NvadhBer 2002 1780
cml, 1632 cm+l. The foll owi ng additional compounds of fornula IV were

al so prepared: NH Il N-N~~~~ R1L 2 HN O\Xz X2 R salt stereochem stry M-H
00 0,9 15,21l "N Endlpednifm BaxC1dV161 M6, 4,10 koD WED ABbFRbcBdGud H O |
H3 ~ H3 O H3 11 CH3 -~0zl ~ -- nocliiral 453

CH3 CH3 CH3 Owoskel-up @ttorflig t¥-the@rotedible df(Ei&n)lple }Hm)zﬂd éige 5-mg olﬁohmchl ral
471CH(CHB&ZVZOmmNOON 176 x L7 rC. rco_
e

" OUN-
CGw~."0C sired product as a colorless glass. MS (M+H)+ 441 3, (M H)- 439.4; IR
(film) 1784 cm-!, 1665 cm"!.

5}
Example 37
NHe«CF,COOH
N SN p 02N |
H ‘ G~ (homochiral)
P N \
O/
o)
a)
ﬁ) .
@"CHZ"%“C‘IN co-cr;—O)
i J\ l,,
@-cm—o—c—xg 11\}/\/ | s \
i e N
o’ \n/Q
10 0

Sodium bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 154 ul,
0.15 mmol) was added dropwise to a -78°C solution of the benzyl ester
product from Example 1(c) (80 mg. 0.14 mmol) in tetrahydrofuran (2 ml).
The mixture was stirred at -78°C for 40 minutes. A solution of 2-

15 thiophenecarbonyl chloride (34 pl, 0.30 mmol) in tetrahydrofuran was
added. The reaction was stirred at -78°C for an additional 6 hours and
was stored in a freezer (-50°C) overnight. Analytical HPLC indicated the
reaction was complete. The reaction mixture was quenched by the
addition of saturated ammonium chloride solution (53 ml). The mixture

20 was extracted with ethyl acetate (3 x 15 ml). The organic layers were
combined and washed with brine (2 x 10 ml), dried (magnesium sulfate),

filtered and concentrated to give the crude product which was purified by



A~~NVLC y.~r-,,v INr-f NNUO- UU NNU NJUC= UZC=UI NNxr UNUNUU
UUx x LUl LUOOO UO:UOUO.U~'C~IIOn15N0venber 2002
~2CIl no-GC ~N- G 0-i H CH( CH312 CH(CH3 ) y 0082 C~NCOiH

CH(CH3)2 CH ( CFi3 ) 2 R salt ste eochemstry MtH O O -~C-~c-NHZ 1.0 HC
homochiral 579 I -GNBC-NF~ 1_IF | |( 1 hoinocl~ii~al GI5 HII OV VZO
cDCDNOON 178 x .., ",s., U1 I ~r t~"w, 15 November 2002

flash chromatography (silica, 20 - 30% ethyl acetate/hexane) to give 57 mg
of the desired product as a white solid. MS (M+H)* 683.7, (M-H)™ 681.6;
IR (KBr) 1796 cm-!, 1734 cm-!, 1640 cm-l.

b)
NH«CF3COCOH
H,N II;I/\///""———]’COZH
S
4,___,\‘\'(@ (homochiral)
0
5 o

The product from part (a) (53 mg, 0.078 mmol) was deprotected and
worked-up according to the procedure of Example 19(c) to gave 11 mg of the
desired product as a white powder. MS (M+H)* 324.9, (M-H)"~ 323.1.

10 Example 38

NH«CF3;COOH

HN” N ~ //,,_‘ CO,H
H | {homochiral)

15 Sodium bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 131 ul,
0.131 mmol) was added to a solution of the benzyl ester product from
Example 1(c) (73.1 mg, 0.127 mmol) in dry tetrahydrofuran (2 ml) under
nitrogen at -78°C. The reaction mixture was stirred at -78°C for 30

minutes then 4-biphenylcarbonyl chloride (29 mg, 0.134 mmol) was added



pVvVUOO0O80.. xc7x VU~_0J -~ ¢;" UoUv~.-~~0oNxxUUI z
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ao_c~0=vJ'ClI O1 0 ~0U1u7 CO 15 November 2002 179 x ~. .. ...
, ~ , .CUJ wWiirlvC r~rHN zN xU=0O O O= UN xazx o=~zx ao-y II

114 15 November 2002

in a single portion. The reaction mixture was stirred at -78°C for 5
minutes and then at -15°C for 15 minutes. 1N HC! (1 ml) was added
followed immediately by ethyl acetate (3 ml). The resulting biphasic
solution was stirred vigorously while warming to room temperature. The

5 organic phase was separated, dried over magnesium sulfate. filtered and
concentrated to leave a light yellow residue. Purification by flash
chromatography (silica gel, 0-30% ethy! acetate in hexane) gave 28 mg of
the desired product. IR (film) 1797 em-!; MS 753.1 (M+H)*.

b)
NH + CF3COOH
HoN N/\//’"-- CO7H
H (homochiral)
o?
10 ) 0

The product from part (a) (28 mg, 0.037 mmol) was deprotected and
worked-up according to the procedure of Example 19(c) to give 11.8 mg of
the desired product as a lyophilate. IR (film) 1788 cm-!; MS 395.1 (M+H)*,

393.3 M-H)".

15
Example 39
NHe«CF;CO0H
HzNJL N/\//l"-. CO2H
H l
4-—-
0 (homochiral)
o {2

a) Biphenvlacetvl chloride

20 Oxalyl chloride (246 pl, 2.86 mmol) and one drop of

dimethylformamide were added dropwise to a suspension of



NNrt r~UNUNI U~UUVUUWVUI | OOI | G_UOCUOGUOQULt | 15

Novenber 2002 ~CX2 01l n~~HZ-~- G~N C8 H i-O~HCHCH3)z O
CHCH3)2 Il /~ 89 -C~NCNCH5)z ft~ salt stereochem stry M+tH + - COZH
honochiral 616 - COzH honochiral 426 00 0 cn Z0 m3 MmN OON

FxXzR ssalt tereochem stryNHHO—I—CI—lﬁCI—B)z ~CHC ~90~ /-COzH___

honmochi ral 468CH ( CH3 ) 20 O 91 -G BN C N( CH ( CH3 Y52 @vernBét 2002
| i ornochiral 4540 -C-~N'C N GO C (CH3) 3_ CO2H ---- honochiral

biphenylacetic acid (30 mg, 1.41 mmol) in methylene chloride (10 ml). The
mixture was stirred at room temperature for 20 minutes. The solvent was
evaporated and the residue was coevaporated with toluene twice to give

310 mg of the title product as a yellow solid.

b)

ICI)
/ll
@—CH:— o- c-g /\/ ‘

04

&

Sodium bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 315 pul,

0.31 mmol) was added dropwise to a -78°C solution of the benzyl ester

10 product of Example 1(c) (120 mg, 0.21 mmol) in tetrahydrofuran (3 ml).
The mixture was stirred at -78°C for 2.5 hours. A solution of
biphenylacetyl chloride (58 mg, 0.25 mmo}) in tetrahydrofuran (1 ml) was
added. The reaction mixture was stirred at -78°C for an additional 2.5
hours and was stored in a freezer (-50°C) overnight. The reaction mixture

15 was pgrtitioned between ethyl acetate (50 ml) and water (15 ml). The
organic layer was separated and washed with brine (20 ml), dried
(magnesium sulfate), filtered and concentrated to give the crude product
which was purified by flash chromatography (silica, 20-30% ethyl
acetate/hexane) to give 22 mg of the desired product as a yellow solid. MS

20 M-+H)* 767.1; IR (KBr) 1796 cm-1, 1730 cm-!, 1640 cm-1.



539-/ 1 - G NN C 0- H93-CO2H1L.U ~id honochiral549 z O mrn N O O N
xwwa Nc At) Ci~r &G ~CdUr xyc:J .~ U. 182 0fi .. 1 JJIVGCGr
X NUNMU-~N. UUv N'",L~, UN1 U1 p psU-~tU er
116 15 November 2002
c)
NH e« CF3COOH
BN NN, CO.H
H
’—

o Q (homochiral)
O

The product from part (b) (40 mg, 0.052 mmol) was deprotected and
worked-up according to the procedure of Example 19(c) to give 11 mg of the
5 desired product as a white fluffy powder: MS:(M+H)* 409.2,(M-H)™ 407.2:
IR (KBr) 1782 cm'!, 1684 cm-!, 1645 cm-!.

Example 40
NHeHC1
HN” NN %, CO2H (homochiral)
H
Y o N
% N\ﬂ/
10 0

a) 4-Benzvlpiperidinvlcarbonvl chloride

4-Benzylpiperidine (0.5 g, 2.86 mmol) was added to a mixture of
phosgene (3.8 ml of 20% phosgene in toluene solution, 7.13 mmol). The
mixture was stirred at 0°C for 1 hour. The reaction mixture was

15 partitioned between water (25 ml) and ethyl acetate (2 x 25 ml). The

organic phase was washed with 1N HCI1 (1 x 40 ml), saturated sodium
chloride (1 x 50 ml), dried over sodium sulfate and concentrated to give a
yellow oil. Purification by flash column chromatography (silica gel, 0 - 10%
ethyl acetate/hexane) gave 0.47 g of title product. IR (film) 1733.1 cm-l.
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~Oy G-Ua O UcDh EX X O--- IGC NN CCH2ZCH( CH3 ) z 9'I Hi
-0CGIlICcf~3) 300Il. ~~0---CG~-NCCHz 98 H i-O i fl-Cfi (Cf3) ; O
cf(CH3)~~0/~99 C1~-GC--() -C No O 100 R~ salt
st ereochem stry MrH + - COzH honochir~i| 540 -CnzH | u~nmoc: hiral
GIG 1 1) I1('I lcu~l~~~ 4;37 -COzZM17.0 HCO hanochi ra NgRmEdr 2002

b)

0

D i
CHz"" O—C-N C0O,-CH
O /“\ /\/ a, 2 2
Ororbyhy 0
e N\[(N

0

Triethylamine (17 mg, 0.165 mmol) and 4-dimethylaminopyridine
(6-8 crystals) were added to a cooled solution of the benzyl ester product
5 from Example 1(c) (63 mg, 0.11 mmol) in methylene chloride (2 ml) at 0°C.

4-Benzylpiperidinylcarbonyl chloride (39 mg, 0.165 mmol) was added and
the mixture was stirred at 0°C for 45 minutes followed by stirring at room
temperature for 2.5 hours. The mixture was then evaporated in vacuo.
Purification of the residue by flash chromatography (silica gel, 0 - 30%

10 ethyl acetate/hexane) gave 68 mg of the desired product as a colorless oil.

MS 774.2 M+H)*, 772.4 (M-H)"; IR (film) 1785.1, 1732.0, 1674.2, 1639.3

cm-l,
c)
NHeHC1
HaN }\.I]/\//’"-‘ COzH (homochiral)
4L_ N\“/N
0
0
15 The product from part (b) (65 mg, 0.084 mmol) was deprotected and

worked-up as described in Example 21(d) to give 39 mg of the desired
product as a white lyophilate. MS 416.2 M+H)*, 414 M-H)"; IRKBr)
1784, 1657 cm-1.
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-CGCHCHCH3)2 CH( CH3 ) 2 R- salt stereochemi stry MtH + -002H 0 02 ('
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Example 41
NH.HC1
N/\//I'" CO.H
N
o? N\[(IO
L (homochiral)
a) N-Piperidinvicarbonvl chloride
5 Piperidine (0.3 g, 3.52 mmol) was added to a mixture of phosgene

(4.7 ml of 20% phosgene in toluene solution, 8.81 mmol) in methylene
chloride (5 ml) at 0°C. The mixture was stirred at 0°C for 1 hour. The
reaction mixcture was evaporated in vacuo. The residue was suspended in
ether, filtered and the eluents were condensed to obtain a yellow oil.

10 Purification by flash column chromatography (silica gel. 0 - 20% ethyl

acetate/hexane) gave 0.162 g of the title product. IR (film) 1738.9 cm-1.
b)
0

i
@k @
Q /L /Il
@— CHzr— O~ C N /\/
H

J\G

Triethylamine (32 mg, 0.314 mmol) and 4-dimethylaminopyridine

15 (10-15 crystals) were added to a cooled solution of the benzyl ester product
from Example 1(c) (120 mg, 0.21 mmol) in methylene chloride (1 ml) at
0°C. N-Piperidinylcarbonyl chloride (46 mg 0.314 mmol) was added and
the mixture was stirred at room temperature for 16 hours. The mixture
was then evaporated in vacuo. Purification of the residue by flash column

20 chromatography (silica gel, 0-20% ethyl acetate/hexane) gave 95 mg of the
desired product as a colorless gum. MS 684.3 (M+H)*, 682.5 (M-H)"; IR
(film) 1783.9, 1731.0 cm-1.
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©)
NHeHC1

HzNJL N/\//ll"‘ COZH
H
_-NY‘O
o) .
(homochiral)

The product from part (b) (65 mg, 0.089 mmol) was deprotected and

\

5 worked-up as described in Example 21(d) to give 11 mg of the desired
product as a colorless glass. MS 326.3 (M+H™), 324.3. (M-H)".

Example 42

NH « CF3COOH

H2NJL NN, CO2H
H
Ingse
o (homochiral)
O

a) 1.2.3.4-Tetrahvdroisoquinolinvicarbonvl chloride

10

1,2,3,4-Tetrahydroisoquinoline (0.5 g. 3.76 mmol) was added to a

cooled mixture of phosgene (5 ml of 20% phosgene in toluene solution, 9.4
mmol) in methylene chloride (5 ml) at 0°C. The mixture was stirred at

15 0°Cfor 1 hour. The reaction mixture was evaporated in vacuo. The
residue was suspended in ethyl ether, filtered and the eluents were
condensed to give a pale pink oil. Purification by flash column
chromatography (silica gel, 0 - 10% ethyl acetate/hexane) gave 0.586 g of
the desired product. IR (film) 1735.3 cm-!.
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COZH___ hotnocl tiral

b)

I
e -
I J\ i,
@——CH:— 0~C-N N/\/
H H |
oY

0

Triethylamine (20 mg, 0.2 mmol) and 4-dimethylaminopyridine (8 -
10 crystals) were added to a cooled solution of the benzyl ester product
5 from Example 1(c) (77 mg, 0.135 mmol) in methylene chloride (2 ml) at
0°C. 1,2,3,4-Tetrahydroisoquinolinylcarbonyl chloride (39 mg, 0.2 mmol)
was added and the mixture was stirred at room temperature for 2.5 hours.
The mixture was then evaporated in vacuo. Purification of the residue by
flash column chromatography (silica gel, 0 - 30% ethyl acetate/hexane)
10 have 66 mg of the desired product as a colorless oil. MS 732.3 (M+H*),
730.7, M-H)"; IR (film) 1790.2, 1732.0, 1673.8, 1638.9 cm-1.

¢)
NH « CF3COOH

H NJL NN Y, CO.H
2 H
nygse
O (homochiral)
O

15 The product from part(b) (65 mg, 0.089 mmol) was deprotected and
worked-up as described in Example 19(c) to give 33 mg of the desired

product as a white foam. MS 374.2 M+H)*, 372.4 (M-H)" ; (film) 1788.0,
1668.0 cm-l.
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Example 43

NHeHC1

HZNJL N/\///I"‘ COZH
H
1 O
O NWOK\ O (homochiral)

A\

i
@"CHZ'O'C'lN cop-ci;— O)
o]
i )\ a.
Qcroty ™y ™

e ®
0

Sodium bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 180 pl,

0.18 mmol) was added dropwise to a -78°C solution of the benzyl ester
product from Example 1(c) (92 mg, 0.16 mmol) in tetrahydrofuran (2 ml).

10 The mixture was stirred at -78°C for 1 hour. Phenoxyacetyl chloride (24
ul) was added. The reaction mixture was stirred at -78°C for an
additional 20 minutes and was stored in a freezer (-50°C) overnight.
Analytical HPLC indicated that the reaction was not completed. Another
24 ul of phenoxyacetyl chloride was added and the mixture was stirred at -

15  78°C for an additional 3.5 hours. The reaction mixture was quenched by
the addition of water (10 ml). This was extracted with ethyl aceate (3 x 20
ml). The organic layers were combined and washed with brine (2 x 10 ml),
dried (magnesium sulfate), filtered and concentrated to give the crude
product which was purified by flash chromatography (silica, 30% ethyl

20 acetate/hexane) to give 65 mg of the desired product as a colorless oil. MS
M+H)* 707.1, (M-H)- 705.4; IR (KBr) 1798 cm-1,
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1640 cm-!.
b)

HZNJL NN\, CO.H
H ’
é"""N\n/\ Q
° 5 © (homochiral)

The product from part (a) (63 mg, 0.089 mmol) was deprotected and
5 worked-up as described in Example 21(d) to give 31 mg of the desired

product as a white powder: MS: (M+H)* 349.0, (\-H) 347.2: IR (KBr) 1800
cm-l, 1723 cm'!, 1649 cm-i.

Example 44
10
NHe«CFyCOOH
HNT NN, COzH
H _—r (homochiral)
—TN,

T e OO

a) 4-Biphenvlsulfonvl chloride

Sulfuryl chloride (392 ul, 4.74 mmol) was added dropwise to a 0°C
suspension of triphenylphosphine-resin (1.58 g) in methylene chloride (10
15 ml). A solution of 4-biphenylsulfonic acid (400 mg. 1.58 mmol) and
triethylamine (220 ul) in methylene chloride (5 ml) was added. The
mixture was stirred at room temperature for 6 hours and stored at 5°C for
3 days. This was filtered and the filtrate was evaporated. The residue
was coevaporated with toluene twice to give the crude product as a white
20 solid. Purification of the crude product by chromatography (silica,
methylene chloride) gave 180 mg of the title product as a white solid.



salt stereochem stry A-1+l-1 +'? U ('.l~t'.()UIl hUL11UC111Tal 5~1 v 1)
('r (.00 1~ I ~cnucacliiral tol4 c~ NIl ~----~ -C I,, -CGNN GCOCH

CH(CH3j z 128 ~/ 2 Nt1'' ~~ ('".1~,~,0)0!'1 I~omc~c~l~ir~tl (il ~) NO
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|s.1~lj~oulog ~-1U0~ ) '~ ~) t) Z HI@3-- O 6~ t~t -Ji5 NoverhberB002 zf| N N

,~~0a 1(" ~ zoH I AN + H+y1ll t ~si magaoa. ~a~s ~TEs | zX The foll ow ng
addi tional conpounds of fornula IV were also prepared NH HZN~L N H -N O X~
Ex Xz Il -CH -CGn[ .N GNC(CH3)3 13 ~1 O~tt aC,,, ~-C ~-CNj? N

b)

@-—CHZ—O—P:-N COg*CHz‘—'@
D i /lL A /
I

CH:—O—C-II_\Il N |

o” N.—SOZ

Sodium bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 255 pl,

0.26 mmol) was added dropwise to a -78°C solution of the benzyl ester
5 product from Example 1(c) (95 mg, 0.17 mmol) in tetrahydrofuran (3 ml).

The mixture was stirred at -78°C for 40 minutes. A solution of 4-
biphenylsulfonyl chloride (64 mg, 0.26 mmol) in tetrahydrofuran (1 ml)
was added. The reaction was stirred at -78°C for an additional 20
minutes and was stored in a freezer (-50°C) overnight. Analytical HPLC

10 indicated the reaction was completed. The reaction was quenched with the
addition of 1N potassium bisulfate (20 ml). The mixture was extracted
with ethyl acetate (2 x 50 ml). The organic layers were combined and
washed with brine (20 ml), dried (magnesium sulfate), filtered and
concentrated to give the crude product (158 mg) as a yellow oil.

15 Purification of the crude product by flash chromatography (silica, 30%

ethyl acetate/hexane) gave 76 mg of the desired product as a colorless oil.
MS M+H)* 789.0.

c)
NH « CF3COOH

H,N N/\/,l"'. CO,H
H | (homochiral)

7N

20 The product from part (b) (70 mg, 0.088 mmol) was deprotected and
worked-up according to the procedure of Example 19(c) to give 17 mg of the
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desired product as a white fluffy powder. MS (M+MeOH+H)+ 463.2,
M+MeQH-H)" 461.5; IR (KBr) 1773 cml, 1665 cm-1, 1595 cm-!.

Example 45

5 trans-3-l'3-{(Aminoiminomethvl)amino]propvl]-2-oxo-

4-(2-phenvlethv1)-N-(phenvlmethvl)—l-azetinecarboxamide,

monohvdrochloride

(racemate)

10 a)

1
@—CH;—O—E—N - I,__<:> -
@—CHQ—O—@-N/ILN/\/ - ICH C
PN ©
J

0]
A solution of trans-4-(2-pheny1etheny1)-3- [3-v’, N -bis(carbo-

benzyloxy)guanidino]propyl]-2-azetidinone (130 mg, 0.2 mmol, prepared as
described in Example 3 of Han U .S, Patent 5,037,819) in tetrahydrofuran
15 (1.5) was cooled to -78°C under an argon atmosphere. A 1 M solution of
sodium bis(trimethylsﬂyl)amide (0.21 m]) in tetrahydrofuran was added
and the mixture stirred for 15 minutes. Benzylisocyanate (40 mg, 0.3
mmol) was added dropwise and the mixture was allowed to warm to room
temperature and stirred for 1 hour. The reaction was diluted with aqueous
20  10% potassium hydrogen sulfate solution (10 ml) and extracted with ethyl
acetate (3 x 10 ml); the combined organic phase was washed with water

(25 ml), brine (25 ml) and dried over sodium sulfate., The solution was

I1(."1 Iwnu~cliirol
yCCi ,, r..,
CCZ|.i0:a|\/!CI’7

w



N-~~iC~: | - 5;.(CHEm4,4-Dnethyl-'?-azetidmone (I i g) 0.1 r I nmoll and
tert butyldinmethylsilyl chloride (28.43 g. 0.188 nol) were dissolved m

nmet hyl ene chloride (270 m). :~ solution of diisopr opylethylamne (44.80
10 mM, 0.25? nol) in nmethylene chloride (130 m) was added dropw se. The
reaction mxture was stirred at roomtenperature for 24 hours and then
concentrated. The residue was partitldhed between et hyb nasetviser 2002 wat er .
The organi ¢ phase w as washed with |:~ potassium bi sul fate. saturated

sodi um car bonat e, saturated sodiumchloride, dried over 15 magnesium

sul fate, and fiigdyeanrindefiRsolvdiet évapodai dRgiPs! hhfdil?dﬂbé’réﬂidﬁ&ﬂrag?uriﬁed
chromat ography to give 34.55 g of the desired product. b) CH3 C1 ~ CH3 N O
~Si (CH3) 2 C (bydhissh calumn Eigropatiugraptiye (siliéh) 2thyllace tatethexane, 8:3) yicdldimg of
n-butyl lithium (4. 8% ;3,,7.73 mmol ) was_added dropw se to a stirred

sol ution of EbmERShedesired progust as z cptprigssiotl. | MS @AFHRYBF4f uran (5.0 )
at 0C. After 30 mnutes, the solution was cooled to -78C and a sol ution of
the product fromstep (a) (1.50 g, 7.03 5 mvl) mtetrahydrofuran (~.5 m)

was addedgdr qgwi S%;aﬁé-%ﬁ%-@ﬁniﬁ& iRSmet 18RI Dol r O- _3-i odopr opane
(1.72 g, 8.43 'mmol7—mmtetranydrorarar (2. pw se. The

t enperature was sI§am&ﬂmﬁ@m-l\bg@nvlﬂmte&ﬁvm1tuhetiﬂeb@rlfo&aﬁiiiie,n m xture was
Quenched by the addition o | potassiumbisultate. e solution was
partitioned bet we@gggmm 10 and water. The organi ¢ phase was
washed wi th 1IN potassjum bi syl fate ang saturafed sodi um chl oride. dried
over magnesi um sulfgét’ié‘.tm&h é@rﬁ‘@ﬁl‘w{a H?Pﬁﬁe{an‘ﬁH’cFe nm ilPi%éQi‘W
silica gel ch t .10 e.l. he iyr f. CH3 N3 ~
a6 N e (R LA i (TGPl IS GO ERy % BERA R O e addea

to a stinged spbbhicathl9bt WhE sBEAM A Q%ﬁ%@_n(%&%h@fb for P& MBlg and
de (0.35 g, 0.94 mol )" 1 (

t et rabut yl anmoni um | odi de . , n dinmethylformamde (10 nm).
After 9 hour srezictidfl wesfiltegeditnd3¢opliiliced @b giveodt wasofatheltitded prodesias
tenperature gad partitioned between ethyl acetate and water. The organic

phase was washeseloglesh sehidumap etdE 0db4 TR Eechr Me(MuH)2408\i% RBghiTe

sul fate, and é:rg_qcentrat ed to afford 1.34 g of the desired product.

15 Example 46
trans-3-[3-[(Aminoiminomethvlaminolpropvll-N-methvl-2-oxo-

4-(2-phenvlethvl)-1-azetinecarboxamide, monohvdrochloride

/leii +HC1
H,N 1;11/\/ //"'.

\

N = C—N-—CH; (racemate)
I =
0]

20




15 Novenber 2002 d) CH3 H3CCOOHH2N ~ CH3 Ny Oi1(Cxi3)2 C ( CH3 ) 3 The
product fromstep (c) (0.57g) 1.92 mml) was dissolved m1,4 dio~ane.
acetic acid (0.11 m, 1,92 nmmol) was added fol |l owed h~c~ 10% pal | adi um on
carbon catal yst (0.15 nole/o). ~ hydrogen atnosphere was introduced nma
bal l oon. after 1 hour of stwng at roomtenperature the solution was
filtered and concentrated to eve 0.4@6g of the desires Roosber 2€02 CFi ~-
G- GNCH3 ~Ci-ii-O-CNNCHB HHI NG~S (CH3 ) 2 C(CH3)3 I0 The
product fromstep (d) (0.59 g, 1. 7 8 mol) was di ssolved macetonitrile
(8.0 mM). Triethylamne (0.26 m, 1.8? nmml) was added fol | owed by

N, N- . di car bobenzyl oxy-S-net hyli sothiourea (0.64 g, 1.78 I5 mvol ). After 12
hours of stirring @ollowdAkitheRpescidure of BRasipie4be)) Massubatithiithpned bet ween
ethyl acetate and water. the organic phase was washed with saturated sodi um
chl oride) dri edethydisocyanassi(@dmnsg;|0.&nenal)dox thebenzydisodyanite, thesderiredvas
purified by siliéa gel chromat %r_ap y to give 0.87 % o) tﬁ,ga+ desired
product. 15 DN8dEAHE0 Bg Zfa@% amed@s 2 colopleps oIV Sé&# 8. NcH3 0A
1.0 Mtetrgh~dr of ur an solution tetr abut~-1ammoniumfluoride 5 (0.69 nl.
0.69 mmol ) "~ccas added dropwise to a stirred soultion of the product from

step (e> (0.36) Qufgs ML kablinbfhfubhire o AR oo OINAR oL g  eact | on

mature eras thén s 5 i on was
partitioned between.e2-phenvleehvl)-a-aReinsddfioxatlifde Omdabhedledtstid@s washed
W th saturated sodiumchloride. dried over nagnesi um sultate, and
concentrated. The rEsé greduweddrqumpiatt ) (BY nsg,|0.t3 mymbl)chaodeprogectptiyando gi ve
2 t6 mg of the desired produci..g)..0 CH -G.~~-N Q || CHI - O CGC NCH3 H
NO\ ~~ N O Hva! e&-&p@smeﬁ%\g%w Bramplads Jb) th ER 4Grmesd thntitled
bis(trinme I silwl). am de 28 m. 0.2 |, Lo WAS . A ¢ ISe to a
stirred séwt i%!}‘?&b%t fRé %}é)rg%sgstsoﬂdom.gt g%@(ﬂ‘*fso@f)gﬂf%%w?ﬁ ntetr
ahydr of ur an (J{M% 1Bg1cpBC. After 30 minutes of stirring) phenyl isocy
anate (42 E tl, 0.39 nmmol) was added dropwi se. The tenperature was slowy

raised to 0C. After 30

Example 47

NH+HC1
HZN ﬁ'/\/ /I’I-'

[Chiral (+)]

/—-—N e CH3
o) I
o]

15 a)
8]

il
Oac-ty .
o I . _(
@_ CHy— O~ C-fl lﬁ/\/

[Chiral(-)]

trans-4-(2-Phenylethenyl)-3-[3-[N’ , N” -bis(carbobenzyloxy)gua-
nidino]propyl}-2-azetidinone was separated into enantiomerically pure
(-) isomer and (+) isomer on a Chiralpak-AD® prep-column eluting with

20 30% 2-propanolhexane.



15 Novenber 2002 minutes the reaction m xture was quenched by the addition
of a 4.0 pH buffer solution. The m xture was partitioned between et hyl
acetate and water. The organi c phase was washed with saturated sodi um
chloride, dried over magnesium sul fate and concentrated. The residue was
purified 5 by silica gel chromatogra1p2§/ to eve 0.16 g of the desired
product. h) NHHCL 'I CH, H~I~~N C ' _'uC~a: ~{® Novéhthapr2gdact from
part tg) (0.16 g. 0.27 mmol) was di ssol ved m 1. 410 di oxane. 10% Pal | adi um
on car bon catalv st (0.15 nol % ~w as added followed by 4N HC m

1. 4- di oxane (853 ~1. 0.27 mmol ). A hydrogen atnosphere was introduced via
bal | oon. After” 30 m nutes of stirring, water (0.20 m) was added to keep
the product in solution. ?afper 30 nore mnutes. the reaction nmL~ture was
di luted ~ith 509 etonitril® mwater 15 (2.0 m) and fidhtered. The

sol ution was co rated TocT rmve organi Cs =CHi lized to give
84 mQ of the d red produﬁt P~ | BeAn, 1733 1707 cm- (MrH) + = 318.
The foll ow ng @quom uhs forfural Il were al so prepared F~ 136
137 138 NH CHBM/?N ~ Cfi3 H N B X~ X~ galt %er &pchemistry M-—-H O
--C-CH3 1.0 CF.sCOzti r~~ce-nate~ 241 O g0 13¢ Fécc~i ~<<le 303 ft 0 o
1.0 HO racemate 3799 NOOz 0Orn NOON Fu ©

A solution of chiral(-)-trans-4-(2-phenylethenyl)-3-[3-[n’ , N”-

bis(carbobenzyloxy)guanidino]propyl}-2-azetidinone (216 mg, 0.40 mmol)

5 intetrahydrofuran (2.0 ml) was cooled to -78°C under an argon
atmosphere. A 1M solution of sodium bis(trimethylsilyl)amide (0.44 ml)
in tetrahydrofuran was added and the mixture was stirred for 15 minutes.
Acetyl chloride (32.2 mg, 0.41 mmol) was added dropwise and the mixture
was warmed to room temperature and stirred for 1 hour. The reaction was

10 diluted with aqueous 10% potassium hydrogen sulfate solution (10 ml)
and extracted with ethyl acetate (3 x 10 ml); the combined organic phase
was washed with water (25 ml), brine (25 ml) and dried over sodinm
sulfate. The solution was filtered and the solvent evaporated to give an
oil. The residue was purified by flash chromatography (silica, ethyl

15 acetate:hexane, 1:3) to give 150 mg of the desired product as a colorless oil.
MS (M+H)* 583.
c)

NHeHC1

=
A g
HNT NN
H

[Chiral(+)]

v Ne— ﬁ- CH3
0]
A solution of the product from part (b) (140 mg, 0.258 mmol) in
20 dioxane (3.5 ml) containing 1N HCI1 (0.3 ml) and 10% palladium on carbon
catalyst (60 mg) was stirred under a hydrogen atmosphere for 1 hour. The
reaction was filtered and lyophilized to give 64 mg of the desired product



13s 141 142 X~ ft ~- CG-( ( Jt--CF3 O- C CHZ- OO0 - C NH S02 CH3 salt
stereochem stry 111-+-H 1..0 HO raceniatc~ 371 1.011Cl1 rucenute 333 1 f)
[1(."1 r;icc~~i~;ate 3i2 1.0 H~l ~~aceinate 33Z NOZ O mm-, NOON
143 144 145 Xi salt stereochemstry OIl /~- C NFi~F 1.0 CF:; COzl -1i
racemate -SQZ-~-C (CH3 ) 3 1.0 HO racemalLe S02- 1.0 CF: ~CO2H racematc MtH
336 395 339 NON3 CNOON 128 15 November 2002

as a colorless solid. MS (M+H)* 317; IR(KBr) 1782 cm-!; [a]p = +18° (¢ = 1,

methanol).

Example 48

j\TLH «HC1
HzN lg/\/ /’".‘

[Chiral(-)]
e
5 (o]

Following the procedure of Example 47(b) and (c) but employing

F—N—C— CHy

chiral(+)-trans-4-(2-phenylethenyl)-3-[3-[N’ , N” -bis(carbobenzyloxy)-

guanidino}propyl]-2-azetidinone, the desired product was obtained.

10 Example 49

HoN II}I/\//”«. N (racemate)

—

A solution of cis-4-(2-phenylethenyl)-3-[3-[N’ ,N”-

15  bis(carbobenzyloxy)guanidino]propyl}-2-azetidinone (300 mg, 0.555 mmol,
prepared as described in Example 3 of Han U.S. Patent 5,037,819) in
tetrahydrofuran (2.5 ml) was cooled to -78°C under an argon atmosphere.
A 1 M solution of sodium bis(trimethylsilyl)amide in tetrahydrofuran (0.8

ml) was added and the mixture stirred for 15 minutes. 4.



203 15 Novenber 2002 Exanple 146 NIIH HCL CH3 H-N~ H~n. CH3 | O ~ S02
(honmochiral) a) 0 ~Ci~-O'"GCNO11 i~ ,~ CH3 OO-C-~-c-N~c~~ NH5 0
The racem ¢ product from Exanple 135 seep (~ was separated into pure
enantionmers (-) isonmer and (+) isoner on Chiral pak- AD prep-colum el uting
wi th 30/ 2-propanol/hexane. 10 b) CHZ- O G- N,,,,,) cH3 CH2- O CG N ~
CH3 HO SOzZ---( () ) Asolution of 122 (+) isoner f r ppINGvepnier)200225 ny,
0.268 mml) in tetrahydrofuran (2 m) was cooled to -?8C under an argon
at nosphere. A 15 1M solution of sodiumbis(trinmethylsilyl)amde (0.536 m)
in tetrahydrofuran was added dropwi se and the m'xture was stirred for 20

Noverber 2005 PReBRSRPRH PPN IR RS L pime D an addpcliogmise AB%r s. The

andextr act AP fsy W‘*F ety §M‘?‘8‘I°§?§*aﬁh§*a%§%% SR hhase
was washed Vhdtﬂs“’ﬂflﬁrreﬁgﬁoﬁ*&a@&ﬂuwd \Qﬁh(gqherﬂu)s IO@Dﬁoﬁ'shﬁﬂn%‘ﬁﬁEoM' um 5

sul fate. The sol ution was |tered and the solvent evaported'to give an
oil. The ressxﬂfmte\mhltmlrﬂfamdl) and ektractabivitinettyl anetatg (2 gb hl); thea, et hyl
acetate: hexane, 1:3) to give 149 ny of the desired product as a_colorless
oi | ; (M+H)+ congoined pygayic whaspyascmashpdiwith wate(p minboing (25grD) and

dried over sodium sulfate. The solution was filtered and the solvent

evaporated to give an o0il. The residue was purified by flash column
chromatography (silica, ethyl acetate:hexane, 1:4) yielding 320 mg of the
desired product as a colorless solid. MS (M+H)* = 721.

10 b)
H,N lg/\//'"-. S (racemate)
<))
0

A solution of the product from part (a) (300 mg, 0.48 mmuol) in
dioxane (3 ml) containing aqueous 1N HCI (0.65 ml) and 10% palladium

N

15 on carbon catalyst (150 mg) was stirred under a hydrogen atmosphere for 2
hours. The reaction was filtered and lyophilized to give 178 mg of the
desired product as a colorless solid. MS (M+H)+'455; IR (KBr) 1782 cm1.

Example 50

NHeHC]
HoN %I/\//” (homochiral)

20 o)



(honochiral) A solution of the product fromstep (b) (140 ng, 0.23 nmmol) in
di oxane (4 m) containing aqueous 1N HCO (0.46 ml) and | G pall adi um 15 on
carbon catalyst (70 ng) was stirred under a hydrogen atnoshpere for 1 hour.
The reaction was filtered and | yophilized to give 78 ng of the desired

product as a colorless solid; IR(I~r) 17?8 cm1;, (MtH+ = 339; [aln = + 12

(met hanol, ¢ = 1). The followi ng a438iti onal conpoundsNoverhben20G2 11 were
al so prepared NH f' CH3 HzN~ N~~~.. CH3 HN O\ X1 IBC X1 salt

stereochem stry MrH + 147 -~-CHz-O ~ 0 1.0 CF3CA H honochiral 409 148 - SOz
~01.4d0ICL | ~onwchiral 415 149 -S02~C-N; ) |.U HC1 honochiral 450 N O Cr
cnz 0OmmN# ON Ex X~ salt stereochem stry +H + 0 --~c-cH2-0 0 -O 150
1.0 HC1 honochiral 333 0 151,-1GCH2-O O CH 1.011C1 honochiral 349 152

-G CHz-O0\ | 1. I C honochjral 383 NOZ O m3 mNO be X~

CH-;—O-E-N/ILN/\/ hh.‘_(
B
ANpE W

A solution of chiral-(+)-trans-4-(2-phenylethenyl)-3-[3-[N , N”-

A\

bis(carbobenzyloxy)guanidino]propyl}-2-azetidinone (264 mg, 0.43 mmol)
5 in tetrahydrofuran (2.5 ml) was cooled to -78°C under an argon

atmosphere. A 1M solution of sodium bis(trimethylsilyl)amide (0.74 ml)
in tetrahydrofuran was added and the mixture stirred for 15 minutes. 4-
Biphenylcarbonyl chloride (163 mg, 0.75 mmol) was added dropwise and
the mixture was allowed to warm to room temperature and stirred for 4

10 hours. The reaction was diluted with agueous 10% potassium hydrogen
sulfate solution (15 m]) and extracted with ethyl acetate (3 x 15 ml); the
combined organic phase was washed with water (25 ml), brine (25 ml) and
dried over sodium sulfate. The solution was filtered and the solvent
evaporated to give an oil. The residue was purified by flash column

15 chromatography yielding 290 mg of the desired product as a colorless solid.
MS (M+H)* 721.
b)

NHeHC1l

H,N Ig’\/ “u, (homochiral)

T

The product from part (a) (280 mg, 0.4 mmol) was deprotected and
20 worked up as described in Example 49(b) to give 172 mg of the desired

product as a colorless solid. MS (M+H)* 455; IR(KBr) 1782 cm!; [oe2 = +
12° (c = 1, methanol).



153 -G CH2-0~0 154 -C-CH2-0O 155 -CCH2-OCH3 156 - CGCHzZ- O ( CH2 ) 2- O
(CH ) Z- O CH 3 salt stereochem stry MtH + 1.0 HC honochiral 425 ---
honochiral 353 1.0 HCl1 honochiral 270 1.0 HCL honmochiral 359 No VZ 0 mm
NOON FF~c Xi salt stereochemstry MtH q -~-~HZ-0 0 157 O 1.0 HC
honochiral 409 O - fC-CH2- O Z58 ~ 1.0 CFaCO2H honochiral 409 Oli 159 -C ~
S02- N(C3H~>2 1.0 HA honochiral 46G N¥cr Z0 mmN O I\]}Bvenﬂﬁér Y)aner
2002 Exanple 160 ~ ~ . ocF3co2H CH3 HzN v CH3 H O SO~ ?hom)c H% a) U
r--CH2-0-CGN~~2 "OMCG-NNCH3 HN/~ O

Example 51
NHeHC1
H,N g’\/ "4.._'.\\\ O (racemate)
OJ_W\ O
0

@_CHZ_O-@— CH= H_@
CH'Z—O—@"N/FLN/\/ W, SOC
@— H H jN\r(\O

0]
Following the procedure of Example 49(a) but substituting (2-
naphthyloxy)acetyl chloride for the 4-biphenylcarbonyl chloride, the

desired product (134 mg) was obtained as a colorless solid. MS M+H)+
10 725,

b)

=N

(racemate)

Hznj?‘H 11;‘3\1/ Y, __lx\\/©
iR N\n/\ o
o)

The product from part (a) (125 mg, 0.17 mmol) was deprotected and
worked-up as described in Example 49(b) to give 76 mg of the desired
15 product as a colorless solid. MS M+H)* = 459; IR(KBr) 1780 cm-!.

A



~5 The (-) isonmer from Exanple 146 step (a) (0.163, 0.349 nmmol) was

di ssloved in tetrahydrofuran (2 m) and cooled to -78C. Sodium bis
(trimethylsilyl) amde (0.52 m, 0.524 mmvol) was added dropw se. The

m xture was stirred for 20 m nutes. Benzenesulfonyl chloride (93 ng, 10
0.524 mmol) was added and the reaction mxture was stirred at -78C for 1.5
hours followed by stirring at room ti@8erature over ni ghiNovéhther@a0Ri on was
guenched with 0.5 N potassium bisulfate solution (25 m) and extracted with
ethyl acetate (2 x 20 m). The organi c phase was washed with brine (1 x 40
m) and filtered over sodium sul fat eExI@Iei jarate was 15 evaporated to a
colorless oil. This was purified by reverse phase preparative HPLC (YMC ODS
A 30 x 250 mm 5 p, colum) to give 108 ng of the desired product as an
oil; (MFH* = 607.2; [a]J]n = -?2.0 (c = 0.3, chloroform. 210 15 Novenber
2002 b) NH1. ~CF3C02H ~3ypriida CH3 H 1 N SOp onochiral) 10% Pal | adi um on
carbon catal yst (50 ng) added to 2 sg on 5 of 5 t fromstep
(a) (105 ng, 0.1?3 fadl) §Yq H-a3ine™( m ) cont(gxltoﬁl:ar?% %%E&CI (0.2z

m ). Hydrogen gas was bub | ed thgou Agr ™pr 1 hour. The reaction
m xture was filtered over a pad g+G $hed repeatedly with

1, 4-di oxane. The filtrate and Washi ngSywer@ cotsi m#d and evaporated to give
a colorless oil (53 ng). This was 10 farther purified by reverse phase

preparative HPLC (YMC ODS A 20 x 100 mm 5 ~., fast elution columm) to give
23 ny of t he &lesi r ed product as an oil; (MH* = 339; [a]ln = - 9.3 (c =
0.42, nethanol). 13 The foll oy ng additional conpound of formula Il was

prepared raH CH3 ti2 NCH3 HI|[NOX~ Xi - CGCHZ- OO

:;;i PN <
o O;{Y 0

5

Following the procedure of Example 50(a) but substituting (2-
naphthyloxy)acetyl chloride for the 4-biphenylcarbonyl chloride, the
desired product (216 mg) was obtained as a colorless solid. MS (M+H)*
725.

10 b)
NH<HC1
HoN %I/\///’" {homochiral)
=
o? N\(\ 0

0
The product from part (a) (200 mg, 0.276 mmol) was deprotected
and worked-up as described in Example 49(b) to give 108 mg of the desired
product as a colorless solid. MS (M+H)* 459; IR (KBr) 1780 cm-; [ot)az = +

15 18° (c=1, methanol).



Osalt 1.U CF:. ~CO2H stereochem stry MtH + | ~onocl ziral 333 NZ CNOON
F~ 162 163 The foll ow ng additional conpounds of forrmula Il were prepared
NH R11 Fi2N~N~~"" RL HN ~X 1 Xi OCNH o CNH Rs Rss salt stereochem stry
-COzEI C,"Ha __ rucesn~te -C02CHs CHs 1.01-iCl racenate MtH 348 3G N N z
O ms~ mNOON The follow ng additional conpounds of fornmula Il were
prepared NI'H R m HZN~ N R1 133 15 November 2002

Example 53

0O
Ko~
H,N g/\/ /,,.__r
H O (homochiral)

04—N\(N

a)
0
I q
CH2"%"C'F C—~N(CHs),
I ,L ..,
CHz-0—C-N N/\/ I
H H
2/ NH
5 o”

A solution of the carboxylic acid product from Example 1(b) (140 mg,

0.288 mmol) in tetrahydrofuran (2.5 ml) was cooled to -20°C under an
argon atmosphere and N-methylmorpholine (32.1 mg, 0.317 mmol) was
added. A 2 M solution of dimethylamine (1.1 eq) in tetrahydrofuran was

10 added followed by the addition of benzotriazol-1-yloxytris-
(dimethylamino)phosphonium hexafluorophosphate (140 mg, 0.317 mmol).
The reaction was stirred at -20°C for 24 hours, poured into 5% potassium
hydrogen sulfate solution and extracted with ethyl acetate. The ethyl
acetate extract was washed with water, brine and dried over sodium

15 sulfate. The solvents were evaporated and the crude residue was purified
by silica chromatography eluting with ethyl acetate yielding 56 mg of the
desired product as a colorless solid. MS (M+H)* 510.



Hl r~o X, NG Ex X~ 0 1~ -CNHO 164 OC NH-0 165 Rs Rs, salt

stereochem stry -COFi CHa -COzCHa CHs 1.0 CI~'.sC .t~~~I| racesnate 1.0
HC1 racc~mate MtH 348 3G cn Z 0 mrn N O ON 214 15 Novenber 2002
Exanple 166 0o ~ i. o HCc1 p HN~~ CH3 COCH3 z HN O\ G- N'i HO

(racemate) a) COZH N O\ii (CH3)= C(CH3); This racem c conpound was prepared
from D. L-aspartic acid follow ng thel3#ocedure for thesaiyvealbes@upaund from
L-aspartic acid (P.E. Finke et al) J. Med. Chem, Vol. 38, p. 2449, 1995).
10 b) .. co~HN O ~ii(CH3)z C(CH3)3 To diisopropylamne (5.6 m. 40 mol)

in tetrahydropburan (30 m)

il
C—~N(CHz) 2

<: : Ve CH— o—C- EJ\ EII/\/ ”"-~—(

A solution of the product from part (a) (48 mg, 0.094 mmol) in
tetrahydrofuran (0.4 ml) was cooled to -78°C under an argon atmosphere.
5 Sodium bis(trimethylsilyl) amide (1 M, 1.5 eq.) was added and the
mixture was stirred for 30 minutes. (R)-(-)-1-(1-Naphthenyl)-ethyl
isocyanate (27.2 mg, 0.141 mmol) was added. The mixture was stirred at -
78°C for 30 minutes and then allowed to warm to room temperature and
stir for 4 hours. The reaction was poured into 5% potassium hydrogen
10 sulfate solution and extracted with ethyl acetate. The ethyl acetate
extract was washed with water, brine and dried over sodium sulfate. The
solvents were evaporated and the crude residue purified on silica by
chromatography eluting with ethyl acetate:hexane (3:2) yielding 25 mg of
the desired product as a colorless glass-like residue. MS (M+H)* 707.
15 ¢

=0

E-l-HCl
BN SN C=-N(CHz) 2
H

| B (homochiral)
'S
0O CH; O

A solution of the product from part (b) (24 mg, 0.03 mmol) in

N

dioxane (1 ml) containing HC] (1.5 eq.) was stirred under a hydrogen
atmosphere with 10% palladium on carbon catalyst (12 mg) for 2 hours.
20 The reaction was filtered and the solvents lyophilized to yield 14 mg of the



at -20C under argon was added 2.5 Mn-butyl lithium (14 m) in hexane 15
(35 mmol ). The m xture was stirred for 15 mnutes and cooled to -?0C. A
solution of the racem c product fromstep (a) (4.00 g) 17.4 mmol} in
tetrahydrofuran (1fi m) was added over 5 mnutes and the reaction was
warnmed to -20C over 15 minutes. A solution of nethyl iodide (2.72 nml, 215
15 November 2002 43.7 mmol) in tetrah$8rofuran (4 M)15@§0@ﬁ@&mme
reaction was stirred between -20C and OC for 30 minutes. Dry ethyl ether
(50 M) was added and the reaction was poured into a m xture of ice and 80
m. of 1N HC . dewized pyeductias @ coloplassisald; M8 MRS deln ayel2ines1,
extracted 5 twce wth brine, dried over sodiumsulfate and concentrated to
an anor phous seathangbeat nent with hexane and et hyl acetate gave 2.86 ¢ of
the desired product as crystalline material. ¢c) CH3 Cl~ ~~"'~ CO?H N O \'’
iCH3 i C(CH3i3 10 To diisoprop~~lamne (3.62 m, 25.8 mml) in
tetrahydrofuran (20 m) at -20C under Eﬁgﬁ%‘é% added 2.5 M n-butyl lithium
(9.2 mM) in hexane (23 mml). The m xt irred for i5 mnutes and
cooled to C. A solution of the product fromstep (b) (2.76 g) 11.3 nmol)
in tetrahvdrofuran (12 pi) was added over 5 m nutes and the reaction was 15
warmed to -20C over 1~jm nutes. A sol ufOe# of 1-chl oro-3-iodopropane (2.5
m, 23.3 nmol) in tetrahydrof ) was added and the reaction was
stirred between -2@ENandNOC Tor 30 m hutes. Dry ethyl her (50 rri) was
added and the reaction wds poured]i a mxture of iceland 52 of 1N
HCO . The | ayers were separated atfd__ gu@eds GHay£tN Was Oraf &t 32@ extracted
with ethyl ether. The conbi ned extracts ne washed twice with brine, dried
over sodium sul fate and concentrated to &hSHilFisRepeafédEelencentrati on of
the oil fromethyl ether and hexane gave 3.35 g of the d uct as
an oil. 216 15 Novenber 2002 d) 0 CH3 O ~ ~~~~"" ”_w‘iébxkﬁ%xﬂacﬁ( CH3)2 C
( CHB8 ) 3 The gnoduct fromstep (c) (1.92 g, 6 nmml) in ethyl ether (30 nl)
was treated in an ice-water bath with excess etheral diazonmethane until a 5
yel l ow col or persisted. N troge s bubbl ed through the maure for 10
mnutes and the sol 00 (@RS ba.t@g:H'[ e residual oil was taken up in
eth~-1 ether and the sol ut| on s washed W|t cold dilute- potassium

bi sul fate and t hen brCHECH;) W C&H(Gﬂiﬁb@d over sodium sul fate and
concentrated to give 2.046 g of the desired prpduct as an oil. 10 e) 0 CH-
[l N3~ ~~"'"~ . GOCH3 | N O~~i(CH3)z =(CH3) 3 A mxture of the product

Lot rabut o1 Sroni um (B S -atteh SRsSara (1 L o0 PRPLARE do ( 12
W in'a second 1EacT DO érgﬁ%#ﬁéa*%*@ %S%%%%‘?é?"?“ SN ORET

ng, 1 mmol). Thaidéd®ieh)dd finamsds MaiutieReY RUNK leié@iéH@ﬁ)ﬂ@ﬁh\ﬂbﬁedlﬁﬁhﬁée was
taken up in ethyl acetate and dil ute ageuous l'ithiumchloride. The et hyl

acetate | ayer (1.0g, 6.9 mmol) in anhydrous tetrahydrofuran (2 ml). The mixture was

stirred at room temperature for 2 hours. The mixture was then filtered
15 and washed with methylene chloride. The filtrate and washings were
condensed to obtain a colorless oil. Purification by flash column
chromatography (silica gel, 1 - 5% 2M ammonia in methanol/methylene
chloride) gave 50 mg of the desired product as a colorless oil. MS 245.2
(M+H)*.
20 b)

il il
Cle—C==N—{(CHjy) 3=~ N=C— 0—C(CH3) 3
]
CH(CHa) 2 CH(CH3) o



20 was washed again with dilute lithiumchloride and then brine (tw ce),

217 15 Novenber 2002 dried over sodiumsul fate, and concentrated to give
3.53 g of the desired product as a crude viscous oil. CH3 N3~ ~~" "~~~
COCH3 ~"~I 5 0 Asolution of the product fromstep Vie) (3.~3 g) in
tetrahydrofuran (30 nm), acetic acid él.'z m), and 1.011']|

tetrabut ~- | anmoni um fl uoride t20 nl)18@ i etrahydrof ur ag NWeRidrr200¢ at room
tenperatuze for ~? hours and 10 then concentrated to a residue which was
taken up in ethyl acetate and brine. After extracting, the ethyl acetate

| ayer was washad WhePHduet freminast (aldiangabd 8somalhiwas|ddded)toand

T ca gel usPRy e s Pubiean @3 sl ol 8 A3 pbedens 1 Kifess solfiiope O
duct LD i G T3] at 0° The:. t f

Step (1) (codmm) i Ry S SORISTL R a5 0 S HRANY e RBLANC, . 570

m of aqueousf;rié%hyli&méﬁgﬁm Ol BP£i61). O ThEQXLRAkS ks d%rd?@(;‘f&ait al yst

(23? mg) for 2 hours. After filtration using aqueous di oxane an

concent r atg Onh@ir. t1e fédction! Mixtude wRTvdperaRa (A Udeah! MHeSdsidiani gl oxane
repeatedly to give 9?4 ng of the desired product as a crude thick gum

218 15 Novenbeurifie@bytflash chrorratogidphy (Silidd3gdd 6~ 102 ethylacetdta/Max@neN N NH
O To a solution of the product fromstep (g) (94a ng) in dry nmethanol 5 (7
m) and drc din@ivepbost Eerms of the ﬂeﬁiﬁ%Pr%gtyrérasmgolgdewogeéB@ﬁatél ly

N, N - di car bob O)lfé-gsrret_rllyl isothiourea (1.61 . 4.5 mol)) triethylame
(.~ . 10. h % ¥ curzc chlori de (L22 g. 4.5 mmol ). The reaction
was stirred at roomtenperature for 2 hours and the filtered through
CeliteGHd wusing ethyl acetate. Concentration of the filtrate i 0 gave a
resi due wp cheywas taken up methyl acetate and dilute potassium bisulfate.
After two extractions wth ethyl acetate, the conbined ethyl acetate

extracts were ed with bgine (twice), dried over sodiumsul fate, and
concentrated t idH,2025-1g) . Purificatio ztahzc_h;_@?)ogr aphy over silica
gel (150 g) usi ethy 1 gce(té% e: hexapes (6, S) gave M g of the I5
desired produ il i ,GHTES
‘@55—%9:-%1 }i(iz \

0
Il
N—{(CH;) 5= N—-C—— O0—C(CH3}3
|
O CH(CH3)s CH(CHj3)2

pam——

N

Triethylamine (15 pl, 0.104 mmol) and dimethylaminopyridine (10 -

12 crystals) were added to a solution of the benzyl ester product from

Example 1(c) (40 mg, 0.07 mmol) in methylene chloride (1 ml) followed by
15 the addition of the acid chloride product from part (b) (25 mg, 0.084 mmol).

The mixture was stirred for 48 hours and then evaporated in vacuo and

purified by flash chromatography (silica gel, 0-30% ethyl acetate/hexane)

to give 21 mg of the desired product as a colorless oil.

MS 843.5 (M+H)*, 841.8 (M-H)"; IR (film) 1785.1, 1733.1, 1681.7, 1640.9

20 ocml.



i) (Ur- CHR- O G N/ CH3. COCH3 0 ON-C- HIIlI O To the product from
step (h) (582 ng) 1.14 mmol ), previously dried 20 by azetroping from
tetrahydrofuran and toluene, in tetrahydrofuran (8 m) 219 15 Novenber
2002 at -78C under argon was added 1.0 M sodium bis(trinethylsilyl)am de
(2.5 mM, 1.5 mol). The m xture was stirred for 15 m nutes and then
phenylisocyanate (150 ~1, 1.38 nmol )19%As added. The r pRffovemper200ar med to
0C over 30 ut es and poured into 8 m of 10% potassium5 bisulfate and
wat er . After xtractlon with ethyl acetate (3 tines), the conbi ned et hyl
acetate extract Es washed with \@@%gr (twce), dried over sodiumsulfate,

and concentratedjito a visgpus oi 0.78 g). Purification by chromatography
{silica gel, et —pcetat e: hexanes (3»:65) gave 656 ng of the
es

desired produ t aSHan oily r ue. 10 ~) r, ~.~Jk xci c~= c-och= HzN
H/~~.. NC~ GTv II (rac§4rﬂ'r'el)7 The yprogggh L OM e (CH)) (636 ng. 1.01
mmol ) was hydrogenated in 12 ml of Yfijoxane and|1 Om of Ilv: HO (1 mmol)

in the presence of 10% 15 pal | adi uro @ (C&sbpn CH(@KHyE: (223 ng) at 1
at nosphere of by drogen for 2 hours. After filtration using aqueous
di oxane, the filtrate was concentrat ed to a resi duér\%ﬁ‘ioéﬁlm% | yophi |i zed

et T S Al Al Rt
fol I owi ng CO%BHH%LQHH&HB&%&N%E Bas I@ CAL RIS By 153 % M%&linm~;' !

R~-HNO Xi X~ R R-2 st ereochém str
racenmat e 315 gil)Nofkaining 1N HCI (25 pl. 0.025 mmol). Hydrogen gas was bubbled

through the solution for 4 hours. The reaction mixture was filtered through
a pad of Celite® which was then repeatedly washed with 1.4-dioxane (10
ml) and water (15 ml). The combined eluents were lyophilized. The white
lyophilate was dissolved in water and passed through a plug of

10 polyvinylpyrrolidone eiuting with water. The eluents were lyophilized to
give 12 mg of the desired product as a white lyophilate. MS 485.3 (M+H)*,
483.5 M-H). IR (KBr) 1778.0, 1665.0 cm'!.

Example 55

JNLH-ZCF3COOH
Y N
S G
15 ' Y {homochiral)
a)

0
Cl=C—N N



CNOON 22 ~ 15 Novenber 2002 Exanple 16S NH1.0 HC1L ~ Cli~ C OCH3 H2N_
-NHNOO~C-N HO (racemate) a) C,~ ~~""~ COO.' NOTo
diisopropylamine( 8.9 m. 63.i mmol) in tetrahydrofuran f50 m) at -20C
under argon was added 22.6 m of 2.5 Mn-butyl lithiumin hexane (56.6
mmol ). The m xture was stirred for 15 m nutes and cooled to -70C. ~
solution of the racem c conpound froh8&xanple 166 part5hfdvehtbdr®002 g, 28.3
mmol) in tetrahydr ofuran (30 m) was added over 5 m nuies and the reaction
was warnmed to -20C over 13 minutes. rl1 solution of 1chl oro-3-i odopropane
(6.3 M, 58.7 mmol) in tetrahydrofuran (10 m) was added and the reaction
was stirred between -20C and OC for 30 mnutes. Dry ethyl ether (125 nl)

was added and t he d1cBhénavhytwiperednie (.5t 2.68 thinal) wiasradded to aemisktiiréict (130
m), and ethyl ether. After separation, the aqueous |ayer was extracted
with ethyl etpBesgang G minf2brbpsgsnedntgiucaersoiution, 66 mmed inashed with

brine (twce i ed owuer ' | f,at ted to. i 1. which
wns concent r Aty A HORERBL2 (B Pt s C FpeWRo Y B padiionntePielivBruingc: as
an oil. 222 2 : =

S rethyl ot 5P Ay EOEyRR? e ikl AR R O ar PG Y o il e
3~-net hyl ®pi eeapdratdd is openpy Theiresidtd wasiduspendé&d aretheri Altbrdd @y ghef ur an

(25 m) 10 at -20C under argon was added 12 ml of 2.5 i1Z n-butyl lithium
i n hexane (30ekasity wepgecomdensedtogive stdreamdsolics Bwrificatioreby fladhcool ed to

prevyousiy. or CBRPByREEPRY IR Eebil L DY Gerk s Glhape svin BRL i of
tetrahydr of Ut 3o 480 dh)préace4e's rfitaline, Wil ERiRNER () PRI 4 Q1S

warnmed to -20

10 b)
0

Il
@‘“CHz_O“C“N cogcz-:—.—-@
. :
1] I/h.l
@—cHr o—C- Ix:rJ\ rg/\/ |

7 N
o’ N\Q)/N\_/ \/©

Triethylamine (47 pl, 0.34 mmol) and dimethylaminopyridine (10 -

12 crystals) were added to a solution of the benzyl ester product from

Example 1(c) (129 mg, 0.23 mmol) in methylene chloride (3 ml) followed by
15 the addition of the acid chloride from part (a) (86 mg, 0.34 mmol). The

mixture was stirred at room temperature for 5 hours and was then

evaporated in vacuo giving a pale yellow paste. Purification by flash

chromatography (silica gel, 0 - 35% ethyl acetate/hexane) gave 120 mg of

the desired product as a colorless oil. MS 789.4 M + H)*, 787.7 M - H)";
20 IR (film) 1785.5, 1732.1, 1679.1, 1639.4 cm-!.



15 15 mnutes. A solution of nmethyl iodide (1.90 m) 30.5 mmol) in
tetrahydrofuran (6 m) was added and the reaction was stirred between 20C
and OC for 30 minutes. Dry ethyl ether (70 mM) was added and the reaction
was poured into a mxture of ice, INIiC (66 nl)) and ethyl ether. After
separation, the aqueous |ayer was extracted with ethyl ether (twce). 20
The extracts were conbi ned, washed wlB® brine (tw ce), i di um
sul fate, and concentrated to an oil, which was concentﬁﬁ?%ﬁ?%ﬁ?%%anes
223 15 Novenber 2002 (5 x) to give 4.60 g of an oil consisting of the
3a-net hyl epinmer and the corresponding 3(i-nethyl epinmer in a ratio of 4:1.
c) CH 5 CZ ~COCH3 NO\ii(CH3)2 C(CH3)s 3a-nethyl epinmer + 3~3-nethyl

epi ner Treatnent of the product m xture frompart (b) (1.24 g) with 10

di azonet hanecaccording to the procedure of Exanple 166 step (d) gave 1.36 ¢
of an oil consisting %.Eh&, -pet hyl epinmer and the correspondi ng
3~i-nmethyl epinmer in ratTo’or 4:1,. . d) c~'N3 COCH3 v N O \ii (CH3)2

C( CH3) 3 3a- net hyl ] N3 P2 pnner 15 Treg@tNrent of the product

m xture tom part (%N (L85 g) wiith |sodi umazi de ang rabut yl amoni um

i odi de in dinethyl formam de ac {ng o the“pretedlre of Exanple 166 step
(e) gave 1.21 g of a crude oigd” contayhig_the 3a-nethyl and 3(3-nethyl

epi ners. 224 15 Novenber 2002 e) N3 COCH3 NH + SP- met hyl epinmer 0

3a- net hyl epi ner homochiral)

10% Palladium on carbon catalyst (60 mg, wet added) was added to
a solution of the product from part (b) (118 mg, 0.15 mmol) in 1,4-dioxane
5 (8 ml) containing 1N HCI] (0.18 ml, 0.18 mmol). Hydrogen gas was

bubbled through the solution for 1 to 1.5 hours. The reaction mixture was
filtered through a pad of Celite® which was repeanédly washed with 1,4-
dioxane (10 ml) and water (15 ml). The combined eluents were lyophilized
to obtain 77 mg of a white lyophilate. Purification bv HPLC (revese phase.

10 methanol. water, trifluoroacetic acid) gave 52 mg of the desired product as
a white lyophilate. MS 431.2 M+H)*, 429.3 (M-H)"; IR (KBr) 1790.0,
1678.0 cm-!.

Example 56
NHeHC1

HoN/lL NS, CO,H
TP A
.
T N N
oy ‘N:>
o)

15 (homochiral)

O Ne=
c1— 3—umm—(\n>

A solution of 1-(2-pyrimidyl)piperazine dihydrochloride (4.0 g, 16.9

N

mmol) in 1N sodium hydroxide saturated with sodium chloride (40 ml)
20 was extracted with ethyl acetate (2 x 30 ml). The organic layer was dried



Treatment of the crude product m xture frompart (d) (1.21 g) in 5
tetrahydrofuran (10 m) with 3.0 mM of 1.0 Mtetrabutylanmmoniumfluoride in
tetrahydrofuran and acetic acid (0.3 m) according to the procedure of
Exanpl e 166 step (f) gave, after chromatography on 100 g of silica gel

usi ng ethyl acetate: hexanes |11:1)) 343 ng of an oil consisting of the
3a-net hyl epiner and the correspondi M0 3~3- net hyl epi @Ngventber@00@ 10 of
(86:14). An additional 256 ng of the m xture was obtained in the

chr omat ogr aphy. CH3 ~~ HCLH2N COCH3 + 3[ 3-nmet hyl epinmer 0 3a-nethyl epiner
15 Hydrogenation of the product m xture frompart (e) (335 ng) as descri bed
i n Exanpl e 16@esse¢u@g§uﬁm Gitereh andtdoncentirateubtopgive &8 gfaf dni2di oxane gave
469 ny of the crude product m xture as a gunmy residue. 225 15 Novenber
2002 g) CH - @YTHRady faleere@t&% ( Ur--CHZZ-OCNNHH~ -H- 3~ i-rrethyl

i 0 3a- et hyl ne cr.ud d
(1) "Ca0 m) i 1 ARRBh SR S by RS e ol kel 2ulceom part
chloride as dgshl)ivegsladdedXdpwiSe 366r 3 HeRuEE tPI3\Bluddd Sf[;H&HBg%EEt(Qs r@phy

over ~ ~ g of silica gel using ethyi acetate: hexanes

gumy r esbdue20®6ms icluene 47. BMOBanrmbﬁWIem@chhmdmastxhe) ®efrsaligondi ng

3~3- net hyl eplrrerlnaratloof (86:14). 10 h) o CH2 O CNCH Il
cOCx, CHz- O-sogdiumy hiegrb eaa%&%wursiﬁrrmprorgemmuroom tegpperdtural The 3~i - net hyl
epi mer ' | ~eat men

th dugt t f Wi t di

bi s(tri met hy|r§PF§W3g %&‘Pﬁ &?ﬁf"%mﬁ?ﬁﬂ%@ysﬁf bri; b‘i‘g 'gléarqr? @?usgéﬁgl Ieum
166 st o f t hyl
2cet at o hoxni bt Etrel el LU RRERAR ORI kel wFheBod Sich edileg® 00, 1 1Y
epi mer and t hehiRdé em@nﬂl)ngmee(&zﬂmxiwlemmmas conéertpdted WHder8Bichtin

10 to give a white solid. The solid was then recrystallized from methylene

chloride/hexane to give 3g of the desired product as a white solid. IR(film)
1735 cm-!.

b)
@—CHz—O— C-N COzCHg'—< :>
lcl) | /\/”/,,‘
@—— CHy—0—C-N N

o )

7 N
\(N ' \N /

0

15 The acid chloride from part (a) (1.11 g, 4.8 mmol). triethylamine

N

(700 wl, 5.0 mmol), dimethylaminopyridine (200 mg, 1.64 mmol) were
added to a solution of the benzyl ester product from Example 1(c) (1.56 g,
3.23 mmol) in methylene chloride (15 ml) under nitrogen ét room
temperature. After stirring at room temperature for 7 hours, the reaction

20 mixture was diluted with hexane (5 ml) and was then added to the top of a
silica gel column (wetted with methylene chloridé) for purification by flash
chromatography (0 to 30% ethyl acetate/methylene chloride) to give 1.6 g of
the derived product as a white foam. MS 763.2 M+H)*, 761.7 M - H)"; IR
(KBr) 1788 cm-!.



226 15 Novenber 20Q2 i) 0 1.0 HO "CH3 GCOCH3 HENN- HI NOC\CN
3a-nethyl epinmer ~~ ri (racemate) + 3p-nethyl epiner The product m xture
tompart (h) (45? ng) was hydrogenated in 9 5 mM of dioxane and 0.73 m of
1.0N HC in the presence of 10% pal | adium on carbon catal yst (160 ngt at 1
atnosphere for 2 hours. After filtration using aqueous di oxane. the
filtrate was concentrated to. a resi 8t which was | yopBiNowesbdrr2082aqueous
acetonitriie to give 249 ng of a white hydroscopic solid consisting of
3a-net hyl epinmer and the corresponding 10 3(3-nethyl epiner in a ratio of
(88:12); IR(KBr) 1??~ cm1; (MtH* = 362. 169 170 The fol |l ow ng conpounds
of fornmula I'Tl wer a also prepared RI12Z HZNRL HI N O Xl X~ R~ Raz OCH 3 O
-C-NFi -COzH CHs s~I npstgneochem stry M H~ | O HO racemate 415 ---

roceluafc 318 N N V 0 aO N N 228 Exanmple 171 15 Novenber 2002
HZNZL PUPEP: 9091 . mp

or-w — )

(nomochiral)

The product from part (b) (1.6 g, 2.1 mmol) was deprotected and
worked-up as described in Example 21(d) to give 854 mg of the desired

5 product as white solid lyophilate. MS 409.2 (M+H)*, 407.5 (M-H)"; IR
(KBr) 1777 cm-!.
Anal. calc'd for C17H2sNgO4+ 1.0 HC! - 1.54 H20:
C, 43.20: H, 6.84: N, 23.71: 0. 18.75: C], 7.50
Found: C, 43.31; H, 6.59; N. 23.09: O (not calculated) ; Cl, 7.06.
10

Example 57

NHe2HCl

HzNJL N/\//,"" CO,H 0
| l — CH
H 4L___ N)l\/ 2
O QW

0

%lm

e

{homochiral)

0
(H3C) 3=—C o—c N /lk/
3 3L -
. \©

15 . o
Triethylamine (0.22 m}, 1.6 mmol) and pyridine benzotriazol-1-

/%III!

yloxytris (dimethylamino)phosphonium hexafluorophosphate (0.83 g, 1.6
mmol) were added to a solution of N-carbobenzyloxy-L-phenylalanine (0.5
g, 1.6 mmol) in anhydrous methylene chloride (5 ml) followed by the



NH1. OCF3COOH H2N~ I COHNO[  HO\CG.N~ 0O a) 0 iH3Q;-r_ OCy,, 5 OH
(honmochiral) COOH The azetidi ne carboxylic acid was prepared from

epi chl orohydrin according to the procedure of A G Anderson Jr. and R Lok)
J. Og. Chem, Vol. 37, p. 3953, (1972). This azetidine carboxylic acid was
then converted to the desired product according to the procedure of T.L. 10
Hansen et al., W97123508. b) 0 cH3c)43-c-o0-c Br A solsiNowsmber 2002

tri phenyl phosphine (1.57 g, 6 nmol) in nethylene chloride (6 mM) was added
dropwi se to a stirred solution of the product 15 frompart (a) (936 ng, 5
mol ) and carbon tetrabromde (2.32 g, 7 mmol) in methylene chloride 910
m) at.0C undéditimgofterfbutylebpipemzimescarbexylaté (0.8¢, 46 mawol).t Thper at ure
for 16 hours. The reacti.on was concentrated in uacuo and the residue was

triturated wRIKEWENYAS gtirrad atoom tamBerathEe EarahBewrs: orheomiXIe Was r at e

gave 3.34 g gf a G 15. Nov

chr omat ograpﬁéecf1 gb@ %Fﬁaigl%ggyleﬁy g“lﬁ‘?%@‘ﬁf“?)na%%”ﬁﬁﬁg% E}h?gzﬁg‘é Qaﬁd t hen
met hyl ene chbsrmgessmme@ssalwb{&%éﬁa&gm& 5 nﬂd ud sfurhBd S5RLES

product as an oily resid c) A m xture of the product
from par t5 ( bphiorid#0(1gx 28 mBHoThe arghmothusé i dieed dvéilsodiurhAulfave hndn dry
acetonitrile (10 m) under argon was stirred at 65C for 2.5 hours, cooled
to room t enpeergantEatedtodiane paleyeliow ollaRurifigation by flask was taken up in

ey 1 oot ol g B, ti ke BTl A0, SccLae L e v agated v
sod m sul 2 GRBHuAUBGRRLIA £ 10 Mafe. i o BrElEt g prodct
b)

10 o

Trifluroacetic acid (3 ml) was added to a solution of the product

from part (a) (550 mg, 1.14 mmol) in anhydrous methylene chloride (3 ml)
at 0°C. The mixture was warmed to room temperature and stirred for 1.5

15 hours. The mixture was then condensed to give a colorless oil. The oil was
dissolved in water. the pH was adjusted to 12 - 13 with sodium hydroxide
(50% solution) and extracted with ethyl acetate (3 x 50 ml). The organic
phase was dried over sodium sulfate and condensed to give 0.48 g of the
desired product as a pale yellow oil. MS 368.2 (M+H)*.

20 o

CH
C1—C— N)J\/ :
oD

0

/glln

The product from part (b) (0.322 g, 0.84 mmol) in methylene chloride
(3 ml) was added to a mixture of phosgene (1.11 ml of a 20% phosgene in



NO~i(CHg)2 C( CH3 ) 3 15 To diisopropylamne (0.63 m, 4.~ mmol) in
tetrahydrofuran (3.3 m) at -20C under argon was added 1.6 nml of 2.5 M
n-butyl lithiumin hexane (4 mml). The m xture was stirred for 15 m nutes
and cooled to -70C. A solution of (4S)-N-(t-butyldimethylsilyl)

azeti di ne-2-one-4 20 carboxylic acid (459 ng, 2.0 mol) [Baldw n et al,
Tetrahedron, Vol. 46, p. 4733 - 4748148990] in tetrahydrobwabe( 2002 M) was
added over 3 mnutes and the reaction was warnmed to -20C over 15 minutes. A
solution of the product frompart (c) (1.19 g, 4 mmol) in tetrahydrofuran
{3 mM) was added and the reaction was stirred between -20C and -30C for 1.5
hours and 230 15 Novenber 2002 then at -20C for 16 hours. The reaction
was warmed to O0C and quenched by the addition of 5% potassi um bi sul fate and
then ethyl a £, ; t I 1 ; | ), the
et hyl acet at gt%le%;rrfeascﬁﬁgg’r%)fgﬁgyn% %\A}/g%ﬁg%%otrﬁ%g?%g ,a(tyr"‘ibggo%d\ygeﬁf sodi um
sul fate, and igotieendditiondbiariethylanihe Y0183h1] We84 Hreoly.eThe yeixease Hagsol ved
in ethyl ether and washed with saturated sodi um bicarbonate (twi ce). The
conbi ned sodistinred @aOpErfer & hexrr e reactiomptistirgiwas evappratedrisrvamnd. t hen

| ayered with gthyl .acetate. The adj.usted t . 2, (10% pot assi um

bi sul f at e) an@‘%ﬁ%&u%%aﬁfé‘fpﬂfi%*%%ﬁwﬂter& e?ﬁgég‘i f’h’&" sﬁ%i?%s), t he

aci di c et Ryl - - L i over sodium

sul f at e, §nd %gﬁ%:g{r’ftg F%@%ﬁé&%%&{e\% &];Ya %E%fc\%lhg bgggaf's’rh e‘%i%@gduct as a crude
oil. e) COOH dﬁﬁ@dt%?ap@y@si}icbﬂéei? 020 %ethyLs@ tRfeMtiGnef EOVe DB g6 i N
tetrahydrofuran (3 ) at 0 15 5C under nitrogen was added 2.7 m of 1M

t et r abut yl anmtuei desireldumrodsiet amatcetarddsgdiilof uran. The reaction was stirred
for 1.5 hours_at roomtenperature and then the solvent was renoved sn uacuo
and the resi de was taken up in ethyl acetate) water and 10% pot assi um
bisulfate (11 m). After exgraction with ethyl acetate (three tines), the

extracts were 2@=gonbi ned) Mashed with small anounts—of water (twi ce)) and
brine) dried ovg Soditem SutTat e, and concemvscased gi ve 470 ng of crude

desired producj—as an armﬁph S LRsjdue. 231 15 Novenber 2002 fI 11 (H3CO)
3-CG'"OICGN CCHH-@-A-NOI W'ion of [the product fr@mpart (e) (466 ny),
benzyl bronide=0.84 ni, 7.1 r’r‘rﬁ)l) and Jsodj um bicar bonat F’( oy, 2.84
mmol) in dry 5 dimethyl formam de (4 ) was\stirrel at goomrature
under nitrogen for 16 hours. The reaction diTuted wath et hyf acetate
and water. and the aqueous |ayer was extracted with et hyl\ca_%eggg i ce).
The eth~1 acetate extracts were conbined. and washed ~ithidilute p Ssium
bi sulfate, water (twi ce) and brine, dried over sodi um sul fate, and 10

conoent [ gied 10 91489 Thed a3 % beo Wiy okla HRS AR AN ARRE L6 Ve"

silicag by el uti'ng w t ehe~chloride an

chl ori de: et hyhaﬁcg_ygtﬂss 5§&e]a)ddte8 181 V&16H6n 08 e bLR 1 deSrdaRECHEt as an

anor phous resi
Example 1(c) (100 mg, 0.175 mmol) in methylene chloride (3 ml), followed

by the addition of the acid chloride product from part (c) (120 mg, 0.262

mmol). The mixture was stirred at room teﬁlperature for 4 hours and then
15 evaporated in vacuo. Purification of the crude product by flash column

chromatography (silica gel, 0 - 35%, ethyl acetate/hexane) gave 131 mg of

the desired product as a colorless oil.

MS 966.4 M+H)*, 964.6 (M-H)"; IR (film) 1788.0, 1738.3, 1677.1, 1637.0

cm-l,



0 ICOCH HOOCF~C HN NH O Triffuraacetic acid (1 m) was added to a stirred
solution of the product fromstep (~ (300 ng, 0.80 mol) m net hyl ene
chloride (3 m) at 0 - 5C. After 5 mnutes, the reaction was stirred at
roomtenperature for 1 20 hour and then concentrated in uacuo to give the
desired product as a residue. 232 h) CFiz- O CGCNqg CHz- O CGN N~ ~~//H
15 Novenber 2002 GG CH2-( ( ) ) %)144 O To a sol uti o Nvehiter@00@uct from
part (g) (0.80 mol) mdry 5 10 dinethyl formam de (3 m) under argon was
added sequentially N, N di carbobenzyl oxy-S-nethylisothiourea (430 ng, 1.20
mml ), triet®ylanme (0.45 nmh 3.23 mmol), and nmercuric chloride (326 ny.

1.20 mmol ). The reacthﬁ.n%lx%i stirred at roomtenperatur a for ?. ~ hours
and then filtered thrgpug lite usi n%ethyl acetate. The filtrate was
washed with dil ut Q{Zaq‘tg‘avﬁ‘&ﬁdt@ i #RPB sul fatg (twice) and brine, dried
over sodium sul fate. and conceptrgted t/p_a\n oifl y resj due (767 ng).
Purification by chronntfbgraphx,_o_y_ siﬁhl caN@élu\sj/uti ng@h net hyl ene
ne/schl org de: e acetate (3:7)

chloride: ethyl acetate (6:4) &nd ne
gave 342 ny of the desired product an oily ré8hdue. i} ~CH2-0-C-N.

-OCHZ OCHz-~C H OHO To the product from part (Himdch3€any, 0.23 mmol),
previously dried by azetroping fromtetrahydrofuran and tol uene, in

t et rahydr of uran (20 Paladne8Gnunagtbon satpnsiits mddedt @ypé) whs afldad @dksodi um
233 15 Noverrbe{ 2002 hi s(tri meg hyl sinIdgam' de (0.30 mol ). The m xture was
stirred for FOlUHMeLheRredugophRatl (d dt9hmea & k32 mmal) an dgd-giananenas

dded. Th i ) 4 i d di 2 n
of 105 posassrar ebetpmlSHckf & il o wh i FioRe BB e "acetat e
(three 5 ti ”%iﬁ'oblé&‘ﬁzr%h@ﬁ'dth@%&tmﬁio‘i %tmﬁ. nRES §REEREGn WARRGL Whi D

Water (three tines), drred over sodiumsultate, and concentrated to give

193 ng of an filtdredRbeouglc atpiadrofTeltB®ORRIDOWAP RypaitedlvSivhileat Geth glaut i ng
w th nethylene chloride: ethyl acetate (98:2) and then nethyl ene
chl ori de: et hydioxane (10 ml) and water (15 ml). The combined eluents were lyophilized

to give 64 mg of the desired product as a pale vellow lyophilate. MS 474.2
10 M+H)", 472.4 (M-H): IR (KBr) 1786.0. 1730.0. 1647.0 cm-!.

Example 58

NHeHCl

HZNJL NN, CO2H 0
G—C(CHj3)3

O/'—N\r§—(CH2) :"'DII
o CH; CH3

N

{homochiral)

15 a)

o)
H
I-n\|}—(c1-12)2-N—c=—o-—c<CH3)3

CH; CH;

A solution of di-tert-butyl dicarbonate (1.24 g, 5.67 mmol) and
triethylamine (790 pl, 5.67 mmol) in tetrahydrofuran (15 ml) was added
20 dropwise to a solution of N ,.N’ -dimethylethylene diamine (500 mg, 5.67

mmol) in tetrahydrofuran (35 ml). The reaction mixture was stirred at



acetate (95:i) gave 121 ng of the desired product as an oily residue. 10
1.0CRCOONHZCOHi~, 0 ~CN-( () ) Il O(honochiral) The product from
part (i) (115 ng, 0.163 mmol) was hydrogenated in dioxane (4 m) and 1.0N
HC (163 p.l) 0.163 nmol) ~n the presence of 10% pal | adi um on car bon
catalyst (3~ ng) at 1 atnmosphere for | hour. After 15 filtration using
aqueous dioxane, the filtrate was condéntrated to a res Jysempdi Sod£si due
was | yophilized from aqueous di oxane to give 89 ng of crude product.
Purification by preparative HPLC [ YMC S5 ODS 30 x_ 250 mm 25 nmJmin, using a
gradi ent (10 reomospiRsraggedend dRV 1@%9@%&%?’% t@é%f%RTGd andcth 13%

fl d). and 0% 20 10% 0. 1%

ri 41 bor oaceriErae e G RTaITle YL IRT FrOATONES i oL Ted pr oduct
white h v - 346, 234 15

Noverber 2003 4 &RIIPd by Gl chibina ko 0% o0} ia“g h F VA

-C-p-i H-CH %Bﬁl&xﬁﬂrﬁetﬁb‘&n)e c’&l&iﬁd)imt/ﬁfeﬁcﬂﬁﬁm@dﬂthé@)esﬁbd@rﬁd@ctcad‘h“ 'l
(H3C) =C-0-C-N D-tert- but(y di carbonate (10.9 g, ~0 mmvl) was sl ow y added
to a stirPed cobirlassmil. ofR@en) 16B#sexbtate (G 2 nl. 40 mml) and N, N .

di i sopropyl ethylamne (7.0 m, 40 nol) in nethylene chloride (80 m) at 0OC
under argon. “fhe cooling bath was renoved. dinethylam nopyridine 10 (0.49
g, 4 mol) was added, fnd the reactiomwas stirred overnight at room
tenperature. The reactlt on was concent rlated in vacuo and the residue was

taken up in ethyl aeﬁt%t‘é\[]—rh%ﬁzétzh_ —dcetUreCWaks ashed with dilute HO (2
X) and brine (2 x), driedsgver nagngsium sul fate and concentrated to an

oi |, which was eased through a colun of silica gel using hexanes- et hyl
acetate 15 (8:2) to provide 10.2 g of the desired product as a colorless
oil. 235 15 Novenber 2002

A mixture of the product from part (a) (250 mg) and triethvlamine

10 (278 ul) 1n methylene chloride (3 ml) was added to a solution of phosgene
in toluene (1.4 ml. 20%) at 0°C. The resultant mixture was stirred at 0°C
for 5 hours. Anhydrous ether (10 ml) was added and the solid was filtered
off. The filtrate was evaporated to give the crude product as an orange oil
which was purified by flash chromatography (20 - 30% ethyl

15 acetate/hexane) to give 313 mg of the desired product as a colorless oil. IR
(film) 1740 cm-!, 1694 cm-1.

c)

i
. (D
o] .
] N/L ,,.
@_CHTO- c- X x}g/\/

-Q
i
04—-—2\\(1\3 (CHZ)Z—T_C—O_C(CH:’h

|
o CHs CH;,

Triethylamine (25 ul), dimethylaminopyrid';ne (15mg)and a
20 solution of the acid chloride product from part (b) (45 mg, 0.18 mmol) in
methylene chloride (1 ml) were added to a solution of the benzyl ester
product from Example 1(c) (70 mg) in methylene chloride (2 ml). The
mixture was stirred overnight at room temperature. The reaction was

quenched with the addition of 1N potassium bisulfate (15 ml). The



b) CHz -CH N C=O1 O G (CH3)3 A solution of 1IMIlithium alum num hydride in
tetrahydrofuran (40.4 m, 40.4 mmol) was added over 10 mnutes to a stirred
solution of 5 the product frompart (a) (9.92 g, 38.i mol) in
tetrahydrafuran (120 nl) at OC under argon. After 4~ minutes, the ice water
cool ed reaction was deconposed by the cautious dropw se addition of ~N

sodi um hydroxide (10 m). The m xtundBras stirred forsiQovernbercd0thd t he
sem granul ar mxture was filtered. The filtrate was concentrated to an oil.
which was 10 taken up in ether. The ether was washed with brine, dried over
sodi um sulfate and concentrated to an oil, which solidified crc uacuo to

give?.73g ) I 315 A
sol ution of e prﬁééit?rg%%a%g#?e{%ﬁ c%t%é‘z(g ’%gb rmgl’lih %Bﬁc ¥§

met hyi ene Chiefd émbatedr@iid daghed whth brine! @8 b, anaaloiréxeﬂmgﬂbgihwn of

tri phenyl phosphine (7.34 g, 28 mml), imdazole' (1.91 g, mmol ) and
iodine (7.1 sylfaxe and)d:c)ndentrTaqulrtogfvenﬁﬂh;dgewfethehlmde deodhtct @€ ayyedlow ar gon.
The cooling bath was renoved %Qld the reaction was stirred_at roomat 20

room terrper abir gugg;acapqxpowmg Shqhtrew@aogve@hde(ﬁ@ra‘?& “opthsl the filtrate

gave an whi. ¢ St LT tate for m,nut e fter
236 15 nﬁ%ﬁxa%gg’%?‘ﬁ)ﬁa |on %gh?)éﬁ ?é’ r&ﬁ%“v%?s%‘éc&oﬁf?% lg% odi um’
thi osul fate (EKd) mia&ﬁembsseswqrasqc&neveiemem um sul fate, and
concentrated to ‘give crude product) which was chronat ogr aphed
over silica ggl using nethylene chloride to afford 6.1 g of the desired
product as a col orless oil. 5d) CO2HC 0 S1(CH3)2 C(CI—|3)3 C(Cri3)g
React i on of (4S)NIN3’(IF but ~~I di met hyl si | yl ) azeti di ne-2-one-4 carboxylic acid
(.15 g, ngp“}»u??d\x,hef/,prod 2Brom part (c) (3. 25 g, 10 mmol) according
to the proce ifre Exanpl /1 step (d) gave 1 98 g of 10 the crude
desired product as a foam %_!38 ~eat ment of the
AT SR *—\-— OS2 E )

product tom part (d) (10%5—_51"\\11*

CH; CH;. (nomochiral)
A muxture of the product from part (¢) (74 mg. 0.094 mmol), 1IN HCl
10 (94 pul). and palladium on carbon catalyst (10%. 19 mg) in dioxane (2 ml)

was stirred under hydrogen atmosphere (hvdrogen balloon) at room

temperature for 1 hour. The reaction mixture was filtered through a

Celite® cake and lyophilized to give 44 mg of the desired product as a

white solid. MS 429.2 (M+H)*, 427.5 (M-H)": IR (KBr) 1784, 1663 cm"*,
15

Example 59

NH « CF;COOH

HzN I'Q/\///,"__—rCOZH
)
N— CH —._".
o/ 2

{homochiral)

\

1t OO

20 CHy



butyi ammonium tluoriiie in tetrahydrofuran according to the procedure of 15
Exanple 171 step (e) gave 1.64 of the crude desired product as an oil. 0 11
NI NO OcccH3)3 237 15 Novenber 2002 Treatnent of the product from
part (e) (1.64 g) with benzyl bronide according to the procedure of Exanple
|71 step (f) gave 1.23 g of the desired product as an oil after silica gel

chr omat ography by eluting with nethyléde chl ori de and 1@‘@&@@5@@@@@

chl ori del ethyl acetate (6 4) g O ~o,,, C—OCHz N/_ Nno|j

~C~~-CG O CH CH ( g’ lg—i Q C(CH3) 3 A sol ution of t he
product from part ( S?h@@nrﬁ:f @ﬁﬁhﬂlﬁph%i@bﬁ%ﬂw (1&mend.8 mowlmol ))

o) ona o RS Ah dpft bt toBhRRR IS el SRy it iy Chadel Pty 1 ©°
(4.5 M) was s@gsgﬂqn%m&er{stﬂm@a@&&m tndes u%BQ%ghgég&fﬁgrgg? dut or ed

at 0C over ni ght he reaction was concentrat e In e was

taken up in ettojtieres Stérmmol] D¥tgiatns €3 wh) hndet hRtegendatilobnitinpéatare 15 The
ethyl acetate |ayer was washed again with dilute potassium bisulfate, water

(2 x)) andSbr ifaBowedibyctripthylagwiche (808 wilf b8 namdl)c okfmmmmwthe)rwctmmcous
oil (??9 nmg). Chromatography of the oil over silica gel using 10% and then
20% et hyl acetBeture aﬁéﬂmlt@memt@mf@e% maipugesd tha Solvgnts wetreretoeveded

P o 2 25 afhdss by R shs sesk P?mrmgeéedg fath Chimmatogroiks  added

ot ﬁyfte'n;riﬂ'i it 081, 0% el RECEIGHAE) AOELe 185 &SP P sedtro piBfc ' "
stirred at roo48 48§ AR, TR(film) 1745 cm .
10 b)

@?_Zi;ifiiw e

o CHj
The acid chloride product from part (a) (100 mg, 0.38 mmol),

triethylamine (53 pl, 0.38 mmol) and dimethylaminopyridine (10 mg, 0.08

mmol) were added to a solution of the benzyl ester product of Example 1(c)
15 (145 mg, 0.25 mmol) in methylene chloride (3 ml) under nitrogen at room

temperature. After stirring the reaction for 6 hours at room temperature,

the reaction was diluted with hexane (1 ml) and added to the top of a silica

gel column (wetted with hexane) for purification by flash chromatography

(0 to 20% ethyl acetate in hexane) to give 148 mg of the desired product as
20 a light brown wax. MS 796.5 M+H)*, 794.7 M-H)"; IR (film) 1786 cm-!.



2 hours and concentrated in uacuo to a residue, which was further 5

concentrated from net hyl ene chloride (5 x) and then chloroform (2 x) to
gi ve 648 ng of conpound of the desired product as an oil. i) O0Ill _o CH-0
~ N~~~". O CHZ-OCN,NONF GCOCHCH(CH3 ) o~~ 1 COp CH( CH3) |

/|~ OCH2 To a solution of the product tompart (h) (0.25 m) in 10

di net hyl formamide (1.5 ml) under ardd@¥ were added seaisRNovahioer BOOR

di car bobenzyl oxy- S-net hyl i sot hi ourea (136 ng, 0.38 nmol), triethylam ne
(0.21 m, 1.5 mmol) and mercuric chloride (103 ng, 0.38 nmmol ). The reaction
was stirred at  yroomtenperature for 3 hours, diluted wwth ethyl acetate and
filtered through Celite. The filtrate was washed wth dilute 15 aqueous

pot assi um bi sul fate (2 capcbadx i ne (2x)) dried over sodium sul fate and

concentrated to an 0|I M whi gdp.was purified by chromatography over
silica gel by elutifAgNwi fh 5% en 20% et hyl acetate in nethylene

chloride to give 146 ng &f the desited product n oj resi due. 239 15
Novenber 2002 co2H N 1. CHCLHN~ NMN-CHES CH31 z CH ( CH3
) z O (diastereomer m xture) £ The pr dl&gt, tom (') 41 mg, 0.163

mml ) was hydrogenated in di.oxane (59) "and 1.4 0 163 nmol ) in the
presence of 10% pal | adi um on car bon cat al yst (4é ng) at | atnosphere for 1

hour. After filtratDepritaetich and punifichiimnaifehetpiedhtt frémt gartab) Clasaapt r at ed
to renove di oxane, filtered, and I%/(ophlllzed to give 47 ng of the desired

product as a 10.1#6immoipadcardingito tk@pyocergye ofrEmepiﬂslB@x) igaye 8B mg o their e

(52:48) of diastere as det erm nhed HP IIo _C ounds

of formul a gIre( §5°<§?‘é|3§rae‘ﬁg}\tﬁ fﬁam. bR{IS 4&‘8.2 (M+-¥f >, 4 6.4 ri% ;ﬁ{m
(KBr) 1788.0, 1699.0 cm-1.

Example 60
j\ILH-HCl
HoN NN CO-H

| 0
i
Oé""'NY N—C—O—C(CH3)3

H
0 O .
T I
Cl~~C—N II\I-C—C'—C(CH;;)'_:

H

10 a)

Phosgene (20% in toluene) (1.54 ml. 2.90 mmol) was added to a
stirred solution of 3-tert-butoxycarbonylaminoazetidine [250 mg, 1.45
mmol, prepared as described by Arimoto et al., J. Antibiot., 39(9), 1243 -
15 56, (1986)] and triethylamine (222 pl, 1.6 mmol) in methylene chloride (5
ml) at 0°C. After 1 hour the reaction mixture was concentrated and the
crude product was purified by silica gel chromatography to give 90 mg of
the desired product.



HZN A1 G,, = RL N OX1"''" ¢ 173 zZ74 -A, _ X, ft~ salt stereochem stry
n~i+H O . N~CH2 -C~NCO ~ HCH(CH3)2 CH ( CH3 ) z -CO2H --- honochiral
481 0 - cHCH2 W- CH3 -C02H 1.U | ~C honochiral 452 NOZ O mrn NOON
OCHz - CN175 HCHz - CN 176 H-C02H 1.0 HO honochiral -(CHz)z--(U)
1.0 HO racemate 374 434 OO CH2 C-~NCO~li-CHCH3)2 . 177 N~ Cti f CH3
) a -C02H 1.0 HO di astereoner 495 .149xture Nz 0 rn mm\@n@é\dzoﬁz 15
Novenber 2002 Exanple 178 NH HzN N~, ~~~. COHH N O C— N~-OCHCH (CH3? 2
CH(CH3)2 0 (nonochiral)

b)

0
i i
o7 N\]/ N N—C—0—C(CHj)3

0 H
The acid chloride product from part (a) (119 mg, 0.506 mmol) and

the benzyl ester product from Example 1(c) (193 mg, 0.337 mmol) were

o

dissolved in methylene chloride (2.5 ml). Triethviamine (71 ul, 0.506
mmol) was added followed by dimethylammopyricﬁne (8 mg. 0.067
mmole). After 12 hours the reaction mixture was concentrated and the

crude product was purified by silica gel chromatography to give 180 mg of
the desired product.
10 ¢
NHHC1
HQNJL N/\//"'-‘ CO2H
)

o]
04-—-W <>—\1—a_—o—C(CH3)3

inomochiral)

The product from part (b) (80 mg, 0.104 mmol)'was dissolved in 1,4-
dioxane (1.0 ml) and water (0.10 ml). 1N HC1 (104 ul. 0.104 mmol) was
added followed by 10% palladium on carbon catalvst (16 mg). A hydrogen

15 atmosphere was introduced via balloon. After 40 minutes of stirring at
room temperature, the reaction mixture was diluted with water: 1,4-
dioxane (1:1) and filtered. The filtrate was lyophilized to give 47 mg of the
desired product. IR (KBr) 1792 cm-1.



a) 0 (H3Q)?-C0-C N~ 5 To a solution of di(tert-butoxycarbonyl)ame (?.17
g, 10 mol) in dinethylformam de (40 m) at OC was added 6.8 g of a
solution of potassiumtert-butylamylate mtoluene. The addition was carxied
out very slowy over 30 mnutes. After stirring for one hour at 0C)
1-chloro-4 10 i odobutane (2.18 g, 10 nmol) was added dropwi se and stirring
was continued for 2 nore hours. Waté®Q 20 m) and hexphpoy@mber R00re added
for the work-up. The aqueous | ayer was extracted with additional hexane (3
x 20 m). The conbi ned organic | ayer was washed with 1.0 N ice cold sodium
hydroxi de) saturated sodi um phosphat g, fRNARGS ¢ sol ution, and 15 finally
brine. After drying over sodium sul f afe—armrevaporation) 2.76 g of the
desired product was obtained as a light yellowoil. b) 0 cH3c) 3-c-o0-c NC
2 To a solution of the product frompart (a) (4.5 g) 15 mml) in acetone 20
(60 M) were added sodi um \Bt##e (7.3 g, 49 nmmol) and sodi um bi car bonat e
(12 nmmol ). The reactio feiled at 4,604 for 12 hours. 243 15 Novenber
2002 At that tinme) additional sodiufiddide (2g) and acetone (30 m) were
added and refl uxi ng was contgnued fdgr hours. Evaporation and
extraction of the residue (oil ang#soli (5 x 30 mM) and
washi ng of the conbined extraction sol uti®n Mt h g QO N sodiumsulfite 5
and brine) and drying over sodium sul fate~yi el ded F‘?’@?C%ﬁ% ntration 5.02
g of the desir?d product as a yellowoil. ¢) ( H3C) =-C-C Nw ~~ COH ',
NH 0 10 (4S)-l'%1 -(tert-Butyl di methylsilyl)azetidine-2-one-4-carboxylic acid
(2.30 g, 10 mol) [Baldwin e® al., Tetrahedron, Vol. 46) p. 4733 - 4748,
1990] di ssol ved tet(%énygigf_ ran (10 m ) was added dr { se over 20

Iot i '

mnutes to a so on m di i sopr opyl anjffaCH2 in 15
t et rahydrof uran-{60 m) at - S0L. A}er/uh,e tion was conpleted. the
t enperat ure Qe 0o C-NSe O - 20C atf which tinme a solution of the

product fromp (b) (4.80 § 1% mrol ) dilssof,ved i n/tetrahydrouran (10 m)
was added dropwise. Stirring was continugd for W s NIPOCFaFR@F t he
addi tion |v_vgs conpleted. After warmnig to 0C er 00 mM) was 20 added
and the pH’was adjusted to 12.5 by the additionof 1.0 N sodiumsulfate
solution. After stiT#ifligrd=RErid abBAUM. 20 mlCwiab & ddeacdriodss & Hisk@ped\as _
extracted with hexane (50 m ). The aqueous | ayer was adjusted to pH 3 with
6.0 N HO and sektuiat pétherprdivet fixdm dixateile 601HB) (M) mglieldngaol) dnphase was
washed with brine and drjed to Oq'i ve 4.13 g of the desired 25 product as a

col orl ess oi | methylene chloride at 0°C. The reaction mixture was then stirred at room
temperature. After 40 minutes, the reaction mixture was concentrated in
10  vocuo to give 120 mg of the desired product.

b)

The product from part (a) (120 mg, 0.153 mmol) was deprotected
and worked-up as described in Example 60(c) to give 51 mg of the desired
15 product. IR(KBr) 1788 cm-1.



244 15 Novenber 2002 d) ~CH-O-C N ~Cg2-0"C-N 1v~'"', H O Trifluoroacetic
acid (25 m) was slowy added to the product frompart (c) (2.5 g, 5 muol)
di ssolved in nmethyle chloride (50 nl) at 0OC. After 5 stirring for 30

m nut es and evaporation, toluene (20 mM) was added to the oily residue. The
t ol uene was evaporated again to renove excess trifluoroacetic acid and give
1.6 g of HOOCF3C H2N~, ~ COH NH 0 whilA was used for H@ﬁvaﬁﬁ?b So t hout
purification. 10 The above trifluoroacetic acid salt ( g) was di ssol ved
in nethanol (30 mM) and after cooling to -5C the pH was ad3usted to 8.5 by
adding triethylanme (0. r m) followed by

hT, N - di car bobenzyl oxy- Snet hyl i sot hi ~.5 mol). The reaction was
stirred for 12 hours at roomyf.gpperature. The methanol was stripped off in
uacuo an the oily 15 residug was taken up jn_ethyl acetate (20 m) and

water (10 m). After coOOHING K8 ©€f %4t Qs adjusted to 3.0 with 2.0 N
sodi um bi sul fate solution. Thé | ayer§ wefe separated, and the aqueous | ayer
was extracted with ethyl acetHte (2 m). . The conbi ned organi c | ayer
was washed with brine and extractedow th amw’i g€ ated sodi um

bi carbonate 20 solution (3 x 20 m). After ooli to t he agueous phase

was acidified vm'th concentrated HC to a pH of 3.2C4fd reextracted with
et hyl acetate 245 15 Novenber 2002 x 20 ml). The conbi ned organic
| ayers were \ﬁashed with brine, dried over sodiumsulfate, and concentrated
to give 1.95 g of the desired product as a colorless oil. e) CH2- O CN
COCF:~0O0OCHR-~-CNN-~ HNH5 0 The product frompart (d) (49 r ng) 1.0

nol ) was dissolved in tetr&hydrofuran (o nl) and butanol (155 ul. 1.5

mmol ). dicyclo Hodh LA (210 ng) 1.0 mmol ), et hyl ammopyri di ne
(10 mg) and hy ybenZot pazolle (20 ng) wera oW irring. After 10
stirring for ours at r |00 enpe arure hyl ene chloride (5 m) was
added. After @m?ﬁmo‘tong fi Brate was jcongentrated an vacuo to give 570
ng of crude product as a cofl orl éss oil. P urifd cati on by flash

chromat ography on silica gel eluting w bﬁ eth > gave 495 ng
of the dsired product: IR (I~r) 1745 cm 1. 15 -O 4 0C CH2 O CH2- O-
CNgHO5C ~-1GCOCHCHCH3)2 CH(CH3)z O COOCH3

1N Sodium 1.1,1.3,3.3-hexamethyldilsilazane 1n tetrahydrofuran

(143 pl, 0.14 mmol) was added dropwise over 5 minutes to a solution of the
benzyl ester product from Example 1(c) (81.5 mg. 0.142 mmol) in dry
tetrahydrofuran (5 ml) under nitrogen at -78°C. After warming to -20°C

10  and stirring for 30 minutes, methyl-(S)-(-)-2-isocvanato-3-
phenylpropionate (29.2 mg, 0.14 mmol) dissolved in tetrahydrofuran (5 mD
was added dropwise. After one more hour of stirring, the reaction solution
was allowed to warm to 0°C and was then poured into potassium bisulfate
solution (30 ml, pH adjusted to 3.5) containing crushed ice, followed by

15 extraction with ethyl acetate (3 x 15 ml). The combined organic phase was
washed with water and brine and finally dried over sodium sulfate. The
filtrate was concentrated in vacuo to give 102 mg of crude product as a
light yellow oil. Purification by flash chromatography on silica gel using
ethyl acetate/hexane (1:1) as eluent gave 90.8 mg of the desired product as

20 acolorless oil. IR(film) 1780 cm-!, 1743 cm-!, and 1639 cm-!; MS 788.8
M+H)*.



The product frompart (e) (295 ng) 0.5 nmmol) was di ssol ved in net hyl ene
chloride (7 m). After the addition of diisopropylamne {194 ng, 246 15
Novenber 2002 L5 mmol),
1-di i sopr opyl net hoxycar bonyl pi per azi ne- 4-car bonyl -chloride (2i8 nmg, 0, 75
mmol ) and di net hyl am nopyridine (10 ng), the reaction solution was stirred
overni ght at roomtenperature. Additlis@al 15 November 2002
1di i sopropyl et hoxycar bonyl pi ger azi ne- 4- car bonyl chl oride (20 ng) was 5
added and stirring was continued for 4 hours. The reaction was quenched
with 10 m of ice water (pH was adjusted to 4 with potassiumsulfate
sol ution) andyethyl acE~tate. The aqueous | ayer was extracted with ethyl
acetate (2 X Rg m ) and the conbined organic |ayer was washed with bri ne,
dried over magnesi um sNE#mtEe, and concentrated an vacuo. The resulting 10
colorless oily re5|dugﬂ\ 411 ed Qb #il ash chromat ography over silica gel
eluting with ethyl Halet exa é~ to eve 392 ng of the desired
product: IR(IiBr) 1790 cn}l g) |NH O C OH HzN N~i, H'" t ON _ !~1 |
O~~VCOCHCHI CH) I :~onocr ~ral ) A
m xture of the product fron1pé} |, IN HO (110 ~tl)
0.11 mmol ), 10% pal | adi um on car bon c@taly@éoégﬁ' in dioxane (2.5 m) °
was stirred under a hydrogen atnosphere (hydrogen bal | oon) at room
tenperature for 1 Mherprotinet freacparn(ahds. 1Rihimeleeat RissobledanCibkane 20 cake)
passed through a pol yvinyl pvrrolidone resin colum, aad |yophilized to g|ve
44 my of the a@él Adterpaddition ﬁsloéé walladivm @nf garbgmﬁalvm@l mg) apdddiN cm ~
1669 cm 1; (M| = = 481. on tg the conp unds
prepared by H&ﬁq wm %ﬁ@r (P29 8?& thEPﬁFnEﬂQ? bPhEPelddPI RORSHRN (GHOW
formula VI were prepareng H2NJI N~i~ ) Ha HI N O X3 aIt
st er eochemi st SyregM OpFT ﬁ@utw}pmpgb thecezetioy Euﬁ’erf%?ﬁ)cﬁ?‘}eélcog?

S1IGNC () ) o%%ﬁ’e %acméc&fﬂ%e@gm%.rggtréﬁﬁ 8r nitrogen was used to

remove excess hvdrogen from the reaction marterial before filtering off the

catalyst. Filtration through a laver of HyfloSuper Cel®. which was washed

10 first with dioxane followed by dioxane/water vielded a clean filtrate. This
was concentrated in vacuo and the remaining material lyophilized to give
45 mg of desired product as a white powder. IR (KBr) 1769 cm-}!, 1674 cm*!
and 1632 cm-!; MS 420.1 (M+H)".

15 Example 63

NHe2CF3COCOH

HZNJL g/\/,l""—rCOZH o
N N
S G,
0 NH,

(homochiral)




~ - G N181 H-CxOIl.s 1.0 HCl lionocliiral 348 N-pVZ O mmNO O N
182 1s3 184 185 X3 0~ - G NHO-'CGC N( () ) ~/HO- G CH3 O-'"CG N
~/HR g -CO2H - CG(CHZ) Z -(CHa)a--(LJ ) salt stereochem stry MtH + 1.0
CF~COzH racemate 334 1.0 HC1 1.0 H(~l 1.0 1-id racenmate 401 honochiral
317 racemate 394 NOO Z O rn mN OON The follow ng additional conpounds

of formula VI were al so prepared 163 15 November 2002
a)
0 0
(H3C) C—0 lé N N
3C)3—C—0-C—
\—/
HN
oe—O)

0
Triethylamine (0.37 ml, 2.68 mmol) and pyridine benzotriazol-1-

yloxytris(dimethylamino)phosphonium hexafiuorophosphate (0.84 g, 2.68

[@1]

mmol) were added to a solution of N-carbobenzyloxy-D-phenylalanine
(0.84 g, 2.68 mmol) in anhydrous methylene chloride (10 ml). followed by
the addition of tert-butyl-1-piperazine carboxylate (0.5 g. 2.68 mmol).
After stirring the mixture for 3 hours at room temperature. methylene
chloride (20 ml) was added and the mixture was washed with IN HC1 (1 x
10 25 ml). saturated sodium bicarbonate (1 x 25 ml), and saturated sodium
chloride (1 x 25 ml). The organic phase was dried over sodium sulfate and
condensed to give the crude product as a pale yellow oil. Purification by

flash chromatography (silica gel, 0 - 30% ethvl acetate/hexane) gave 1.14 g
of the desired product as a white foam.

15 b)

Trifluoroacetic acid (2 ml) was added to a solution of the product
from part (a) (220 mg, 0.48 mmol) in anhydrous methylene chioride (2 ml)
at 0°C. The mixture was warmed to room temperature and stirred for 1.5
20 hours. The mixture was condensed to give a colorless oil which was taken

up in a solution of 1IN HCl_in ether (0.48 ml) and stirred vigorously. The



N~~Fi H NJI N-~y., ~Rla Fi N O be 186 187 X3 R ia salt stereochem stry MtH
O-C H - ( CFi212 1;-11.0 HO racemate 394 1A - ( CFiz ) z~ -CGCH3 v
1.U HC) raceutaLe 317 NCfl 0O CNOON The follow ng additional
conpounds of fornmula VI were also prepared N'Fi ~Rr4 HZN~ N H N O X3 be
188 189 Xa Rr.s salt stereochemstry M~~-HOc¢c NH-OIl O-COzCH s |.0
Cl~.sC O-~I-1 hornochiral 348 O Il -1 NH -CQzfi -- hogpehenrtler2822N O Z 0
M3 mMNOON ~C 190 191

resulting suspension was concentrated to give 230 mg of the hydrochloride

salt of the desired product. MS 368.2 M+H)*.

HN
o)

5 o)
The product from part (b) (110 mg. 0.27 mmol) was added to a
mixture of phosgene (0.36 ml of 20% phosgene in toluene solution, 0.68
mmol) and sodium bicarbonate (300 mg) in methylene chloride (4 ml).
After stirrmg for 3 hours at room temperature. the mixture was filtered
10 and the eluents were concentrated to give 165 mg of the desired product as

a clear gel. IR (film) 1707.4, 1645.6 cm-!.

d)

0

O

I h. )
ool o

. O\I
{
(z

15 Triethylamine (31 pl, 0.23 mmol) and dimethylaminopyridine (10 -
12 crystals) were added to a solution of the benzyl ester product of
Example 1(c) (86 mg, 0.15 mmol) in methylene chloride (3 ml), followed by
the addition of the acid chloride product from part (c) (99 mg, 0.23 mmol).
After stirring at room temperature for 1 hour, the mixture was

20 concentrated and purified by flash column chromatography (silica gel, O -
50% ethyl acetate/hexane) to give 90 mg of the desired productasa



The foll ow ng additional conmpounds of fornula VI were al so prepared Rl4
fizN~ DI HI NOa3 X3 O- IGNHO CNH R4 salt stereochem stry M+H +

-(",WzCHa~ 1 () 1lCl racenttte 348 -CUzli I.t) CrxCUzll racenmate 334 NC 1
cn Z0mmNOON 252 15 Novenber 2002 Exanple 192 0 CHz- O C N COzH
,. O---CNDO-CGNNH ~1 NH O The internedi ate of Exanple 1(b) was al so

prepared as follows: 5 a) O Il (Fi 3055 C 0-C N SCa~) ; 1§iNdRehfssi 2002
t-amylate (25%w in toluene. 164.0 g, 32?.6 mmol) was | O added to a
solution of di-t-butyl imnodicarboxylate (70.1 g, 322.6 mml) in

di et hyl forrT&E[b 0 %ﬂgﬁi)e 4 PESNs The
resulting wh eﬁgﬁégﬁwhg%)ggt@:ng%Ifs%4??g@H? 8%( or BZ) m nut'es.

1Chl oro- 3-i odeps.opane, (60.0 g) 31. nl) 293.3 Mol ) was added and the

m xture was stirred at 0 for 3 hours. Hexane (500 m) and water (300 m) 15
were added te) the mixture. The aqueous |ayer was separated and extracted

w th hexane (300 m) %8: ﬁ?(?&jl ned hexane extracts were washed with 1IN

sodi um hydroxi de (3 xmé saturated sodi um hydrogen phosphate (300

m ), half saturat egdNDdr C brineg (500 m) and dried over

sodi um sul fate. RermvaIHof the soium ate by Oflltratlonfollowed by
concentration gave 84.2 g of ;h.e_ esi hed producy ght yel |l ow oi |
whi ch was dried under vacuunmoover ni gfit \___/ o @

2

(homochiral)

5 The product from part (d) (39 mg. 0.092 mmol) was deprotected and
worked-up according to the procedure of Example 55(c) to give 68 mg of the
desired product as a white lvophilate. MS 474.3 (M+H)*. 472.6
M-H) ; IR (KBr) 1790.0. 1670.0 cm-i.

10 Example 64
NH
HzN’lL 1;11/\/ ”"-._.rCOOH (homochiral)
N N=—-S0,=—N (CHj)
o7 H, . 2 3)2
o
a)

]

(H3C) 3C— 0= C—N N—S0;—N(CH3) ;
3-/3 \ /

15
Diisopropylethylamine (560 pl), dimethylaminopyridine (33 mg)
and dimethylsulfamoyl chloride (462 mg, 3.22 mmol) were added to a
solution of N-(tert-butoxycarbonyl)piperizine (600 mg, 3.22 mmol) in
methylene chloride (15 ml). The mixture was stirred overnight at room
20 temperature. The reaction was quenched with the addition of 1N HCI
solution (20 ml). The mixture was extracted with ethyl acetate (2 x 100



253 15 Novenber 2002 b) o Il (H3C) 3-COC IV-(CH) 3-1 2 The product from
part (a) (55.0 g, 187.2 mmol) was dissolved in 5 acetone (550 m ). Sodium
iodide (84.2 g, 561.6 mmol ) and sodi um bi carbonate (7.9 g, 93.6 nmmol) were
added. The m xture was stirred at 58C (oil bath) under nitrogen for 6 hours
and additional sodiumiodide (14 g, 93.4 mol) was added). The reaction

m xture was stirred for 12. hours arikb@ he acetone wasq®wavendier@00Rexane
(400 mM) and water (300 10 nml) were added to the resulting solid. The
hexane | ayer was separated. washed with 5% sodiumthiosulfate (300 m).
hal f -saturat j BE ( I d}

sul fate. and !fﬁ;ﬁl gl?ggxﬁ%glﬁ%z%&ghg? &;&‘5‘1 éii??%ﬂgé}th%’éﬁgﬁg@i@bgﬂggl pad
was washed widvierhmagimesi@ehGilfdty anGaoneshtratédm give MBS §iof thatmdeave 68.2 ¢
of the desired product as a Ii,ght 15 yellow oi | which was dried under
vacuum over niRfeduct s @ white solid whiehiwapeged withoug parificationx 0 20 ~i - But yl
lithium (2.5 in hexane, 46 m, 115.0 mmol} was added to a sol ution of

di i sopropyl ank?ne (11.7 g, 16.2 mM, 115.3 mmol) in tetrahydrofuran (150 m)
at 0C under nitrogen. Th sulting solution was stirred at OC for 30

m nutes then cool edcl o m30C. nAsgol-ttican) pf  (4S)

N-(t-butylsdi met hyi si |yl )\azéti di ne- 2-one-4-carboxylic acid (12.0 g, 52.4 25
nmol) [Baldwin et al, Tetrahedron, Vol. 46, p. 4733 - 4748, 1990] in

t et rahydr of ur an ( 68 mixtuvesf tckopuddaet! fitone pattia (@.66es 250 mmel), at - 20C 254
15 Novenber 2%2& for 30 mnutes. A solutjon of the_ iodo product from part
(b) (24.0 g, ‘@3tluorgageyic agidi @Smhanbmataiiepsehiondes20 mihwasstisprd 3k over

hours The' r oiion? Je e dilfe KM bbLIS 1.6 HofyeleardbIshiof bathe réittiosn )
was 5 added. Fhe sHl;c\?éh‘ﬂ%ﬁd e%gﬁébsil%%%aﬁﬁiégcié W%l%\r}deh?@bﬁp@ﬁm&iﬁw &g&‘?ﬂ’ )

was stirred at OC for 30 m nutes and then washe th hexane (2 x 10

The aquedus | digeslvedsincomlitioh tmasmoaat bihechvldnachihtdefbllowadbBdtie by t he
dropwi se addition of 6N HCl. This solution was saturated with sodi um
chloride and additipst efdl MiH Glethey|(2 dcmllaard aghrdr@ds ethpr (2hmikolbe ned et hyl

10 acetate extragcts were. washed with brine (Z00 m ), .dried over sodium
sulfate. fil tB’E‘%méﬁ%Psc‘Eﬂ]l]@&?Pﬁe‘éYg@“?BO&W@ 93@ |W%ﬁ]e. denized produghas

di ssolved in onitridl nd ggvaporation of the acetonitrile gave
16.4 g of thegﬁlgggéwgfaddégag@slgﬂyceilgliogv foam 15 d) O ( Vr--CH2 OCN
CH O _/hi, ~CH--OICNHI NFi O The product frompart (c) (4.25 g, 11.4
mol ) was added to a 1:2 mxture of triffuroacetic acid/ nmethylene chloride
(42 m). THe cesulting 20 m xture was stirred at roomtenperature for 30
m nut es under a nitrogen atnosphere. Tol uene was added (80 m) and the

m xture was concentratgd te—8 small vol une (approxi mately 15 nl).

Addi tional toluene 180cHN waN-addedy@Hl)bthe m xture was concentrated to
dryness to afford a yello V1. 25 A mxture of triethylamne (3.97 m,

28.5 mml ) and nethanol (42 nl) was added into the above oil at OC
Addi tional triethySedivms ficagbonate (3.0 g) was added to a solution of phosgene (2.1

ml, 20% in toluene) in methylene chloride (20 ml) followed by the addition
of the product from part (b) (300 mg, 1.3 mmol). The resultant reaction
20 mixture was stirred at room temperature for 40 minutes. TLC showed
completion of the reaction. The reaction was quenched by filtering off the
sodium bicarbonate. The residue was evaporated to give 330 mg of the

desired product. IR (film) 1738 cm-!.



255 15 Novenber 2002 m, 5.7 mmol) and

N, N- bi s(benzyl oxycar bonyl ) - 1- guanyl pyrazole (4.3l g, 11.4 mol) [W et al,
Synt heti c Comruni cations, 23(21), p. 3055-3060 (1993)] were added. The

m xture was stirred at roomtenperature for 11 hours and then concentrated
an vacuo at 25C to afford a yellowoil. 5 Ethyl acetate (30 nl) and water
(10m) were added to this oil folloddd by acidificatigiNbPembes2802t OC by
the addition of 2112 potassium bisul fate which was saturated wi th sodi um
chloride. The acidic m xture was poured into a separatory funnel. The

| ayers were sgparated. and the aqueous | ayer was washed wth ethyl acetate
(2 x 25 mM) while ensuring 10 that the pH of the aqueous solution was mthe
range of 2.9 to 3.2. The conBined ethyl acetate solutions were washed with

saturated sodi u@l_gb'gd_e_égnﬁgﬁi on (25 m)and theggrodu was extracted
um bf

with saturated CPhetzo sodi um

capbonpte (3 x 25 nil).
bi car bonate so i ons vverenwag;@@d AL h cetate (2 x 2~ m)) acidified
to pH 3.2 15 v@—nﬁ'ﬂzﬂ'rﬁt d HM treated with saturated sodi um
chloride (solidJ, andfinallyex racted y,un. t hyl /acétatg(Bx 25 m) .
o .

The conbi ned ethyl acetate sol ution was fied N an s~ HegrEsi um
sulfate, filtered, and concentrated an uacuo toafford 4.61 (9.55 mmol) of
the desired product as a pale ~~elllow foam 20 Exanple 193 The product of
Exanpl es 21 and 32Dixspadmdetiidamine (33 ul,d.20wsmob) diddethylamIgiriNind
(CH3) 2 25 ~ C(CH3)3 Diisopropylamne (14.05 m, 0.10 mml) was added to a
dry, three ne¢XErhg)lanska sojuitipmest nhietdeidreltloaideqabdatt fromrpandc)n@i m@i ned
under an _256 15 Novenber 2002 argon at m)sg)here. Tet rahydr of ur an
(anhydrous® 3930 pmel in metheienechlprde (4 sl arere weded te Besokisionpftheas
stirred and cgoled to -20 utign.of n-butyl litiuum (38 3 m_of a 2.5
M sol ution i n%ﬁaﬁﬂﬁesg‘?r Bl‘f&%%ﬁggf( e&gﬂégoﬁpb%\kpégemge‘f%%ﬁgﬂ%ﬂ B was
stirred at 5 j QL A SRl i . -

(4S)-N-(t-but ﬁg%ﬁ%‘% 8’ %Ey gé&‘i*&?’%‘e*-%%r%%%-%?ﬁ BEAL Snadraeal PGy,
43.6 mol ) [ Bahéhehtedethetdachiohxadieedmplerd/OThe4Baction #A3JuendHdBwithIHa] was
added slowy while nmaintaining the tenperature at -20C and allowed to stir
for 30 mi nut esdditiembfil Nopotassinng sutfate. 3The duprarrawes e5tctdd wih athpl , 1.2

eq.) in 10 tetrahydrgfuran (30 m) was added over approximtely 10 m nutes.
after stifri ﬁgeféﬁe-%%’e%ra%weaﬁsp ip¢d ang washed wish brine. gsied o¥ptim

bi sul fate (75 e |.O ylmacet at.e 100 m), wer a added
and the m xt urrgll%\%ess\{\@%agn%lgaetre t gaglcéngennglé%tae?at%}%ylefs ﬁ%ﬁ%&r .cmﬂ% lﬁéﬁgoﬁg‘sl ayer
(pH 2 -3 ) Waga@[@é’&"b?&fasﬁ%r@&%%%bb?QB%dm‘étﬁihcﬁ}ﬂé’dhy?&&t @{16r1é) oo 50 ).
The organic 15 solutions were conbi néd and washed sequéntially wth water
(2 x 50 M), ¥ 300mugof thodatited prdduct a3t whiteafodnt. IS M #H)s292a(Md
sodiumchloride to neutral pH The organic solution was dried over sodium
sul fate (15 g)F) f190:Erld(ftlm) Etiremt’s v 86 cmy', 4688icm !, 0ot ' was seeded
with a fe\f/.crystal s of the desired product and placed under high vacuum
overni ght *Po 20 dry. The resultant crystalline solid was slurried with
hexane (100 me)), filtered) washed with hexane (100 m) and dried under high
vacuumto give'l1.5 g of the desired product. b) d~~"" CQZCH2r"'~ N--Si

(CFi3) z OC(CH3)3 25 TheMNpr oduct frompart (a) (7.02 g, 22.9 nmol) was

di ssol ved i n net hyl eneuz%m”ogdq/éanm_r‘;nmﬂ 40 m ) under an argon

at nosphere. The
N-—=S0;=—N (CH3)
o N\“,N 2 3)2
0

(homochirél )

%\

A mixture of the product from part (d) (95 mg, 0.12 mmol), 1N HCl1

(120 pl. 0.12 mmol), and 10% palladium on carbon catalyst (49 mg) in
20 dioxane (3 ml) was stirred under hydrogen atmosphere (hydrogen balloon)
at room temperature for 2 hours. Analytical HPLC indicated completion

of the reaction. The reaction mixture was filtered through a Celite® cake



257 15 Novenber 2002 solution was stirred and cooled to 0C, and
triethylame (3.5 m, 25.2 mmol) was added sl owy whil e nmaintaining
approxi mately OC. Benzyl chloroformate (3.6 m, 25.2 mml) was added al ong
with an additional 10 m of nethylene chloride to aid stirring. 4-D nethyl
5 am nopyridine (2.8 g, 22.9 mmmol) was added as a solid mone portion with
consi derabl e gas evol ution. The sol 58on was al | owed 16dNstembert 22 f or 30
m nut es. Additional benzylchloroformate (0.3 m, 2.5 mmol) was added and
the reaction was stirred for an additional 20 minutes. The reaction was
quenched wi t hyJdMepRécARSAtALE g mt&ua§9rsaact (H® it BigifieRiokob
transferred to a separator~~ funnel and the | ayers were separat eay The
organi c | ayerpruparativhdiPLl(rev2rspphass muthainel)Wadee, rXudropcetinacitpe
aqueous washes were conbi ned and back extracted with nethyl ene chloride (25

m). The or ga&”@wwpwa«mug (AR mnym@ud@w@cémnagmwm&fat er

(25 m). satu d. carbo dj

chl ori de (21 { § 15e % Faa‘ ‘38&?% ééﬂfg{i‘@i%a@gﬁ%hgeﬁé 1 ene
chloride gp ;%oqug@{)lutrygr e6sd Praugh silica (15 g) and the silica was
washed W|th 20 -1 °(vol'ume: vol une) hexane/ et hyl acetate. The filtrate
was concentrated to an 0|I evapor at ed under reduced pressure fromtol uene
(2 x 25 mM) and dried under vacuum over ni ght to give 20 8.12 of the desired
product. c) I~/ n,,. CzCHz V N-Si ( Ggample®5C(CH3)3 A sol ution of the
product frompart (b) (10.53 g, 26.6 mmol ) in 4nethyl-2-pentanone {40 m)
was stirred under an argon atnosphere. 25 Sodiumiodide (20 g, 133 mmol)
was added and the mxt %/@E heat ed mat approﬁ)n&tely 110C, protected from
l'ight, for 7 hours. ﬂ’* re was | 258 15 Novenber 2002 cooled to

anbi ent t enper at ur e g, @ Ty ER%4.h_h —CFEou dm)OakdCHilxt ered thiough a
plug of Celite. The Celithe was tthxaoe(ZxSO m). The
filtrates were conbi ned, washed fum %hl @)su fa( e,ﬂ(_SQ__@and t hen
with water (50 nml). The aqueoug”washe e Mack extracted 5 h et hyl
acetate (100 m ). The organic solutiors were conbinsg, ncentrated to
an oil, dissolved in hexane (50 mM) and filtered throu‘g%%fclgl ug of silica.
The silicpwas washed with hexane (200 mM) and then with 4:1

(vol une: vol une) hexanel ethyl acetate (500 m). The hexanel ethyl acetate
solution was @pncentrated to give 11.84 g of the desired product as 10 an
oil. d O0If CG?2- O CN H2|3~N O OCH=ri The.conmpound of the fornula _
| ~~ H C O CH2-1 .15 (5 g, {120. 3 mml ) and tet?ahydrof an (2r m,
anh~Tdr ous) wer @ b—+0—&-try flask under + Negen— (Fheo-sal(CHR DN was
stored and cool et™t o OC S@dl ufp hydride ;,2 62 #, 85.5 mmol, 3.2 equivalents
of a60%d|spgnbn scf‘ dto the flask slowy

(exot herm. Th spensi on 2 & sti rred at QC

N- ( Benzyl oxycar bonyl oxy) succi nunde (8.2 8/-3'21\18 mmol, 1.6 eq.) was added
portionwi se mai ntaining a tenperature of~¥approxi matel y 0C. The cooling was
.renmoved and the reagkpRitoNEST thk lcaWRekviie 2681 Hié&duﬁﬂ@‘ﬂr%&ﬁ&rﬁtﬂiﬁnpféf 1(‘55 1
hour) an additional amount of N-(ben2yl oxycarbonyl oxy)succinimde (

ec~ was added (482 nig\el.2mmeddni terrakydrefuran€d mi) wwmdlamxerm*’@rmder an
overni ght. The reaction was _
15 argon atmosphere and N-methylmorpholine (223 mg, 2.2 mmol) was

added. 1.1 Equivalents of a 0.5 M solution of tert-butylglycine ester,
hydrochloride (184 mg, 1.1 mmol) was added followed by the addition of
benzotriazol-1-yloxytris(dimethylamino)phosphonium
hexafluorophosphate (486 mg, 1.1 mmol). The reaction was stirred at
20 -20°C for 24 hours, poured into 5% potassium bisulfate solution and
extracted with ethyl acetate. The ethyl acetate extract was washed with
water and brine, and dried over sodium sulfate. The solvents were

evaporated and the crude residue was purified by silica gel



259 15 Novenber 2002 worked up by cooling to approximately 0C and quenched
slowy by the addition of 13% aqueous ammoni um chl oride. The | ayers were
separated) and the aqueous | ayer was back extracted with ethyl acetate (3 x
20 m). The conbi ned organic solution was washed sequentially with 13%
aqueous 5 ammonium chloride (5 m), water (15 m) and saturated sodi um
chloride (2 x 15 m). The organic soll®3 on was dri ed q\5emo§&q'8gﬁ2§@@fate,
filtered and concentrated. The resulting crude oil was charged to a flask
with a 2M sol ution of ammonia in nethanol (~1 m, 101 mmol, 5 eq) and
allowed to stir at ambient tenperature overnight. The reaction was worked
up by 10 concemtamdtiographydentingdvith@thylescetate. tofgivé 696 thi of-tieedenisrdat i on
with hexanes ('?.,x 25 m ). The resultant material was dissolved in

met hvl ene chl BFednetias@ ealyrlasrosalids WP 598 WMtdDér (50 m ). The aqueous | ayer
was back extrggted wi th nethylene chloride (? x 50 m). The organic
extracts were tonbi ned and washed with water (25 m) and saturated sodi um
15 chloride (2~ m), dried f@)ver sodiumsulfate. filtgred and concentrated
to a solid. The i as tallized fromgth~rl atetat ive 4.65 ¢
of the desired @m&ﬁgﬁ?"ﬁ%ﬁe crystals. e %ﬁlﬁﬁlé&%g(#\ﬁ%ﬁgl\k Ni.,..
C02CHz~ - ~i ( li_ o- 2 W’G he product frompart (d) (6.01
g, 18.3? mol) 5GEsOT Ve % 1 methy| - 2{pyrrof+€i none (anhydrou 10 m)
and warmed to 35 - 40C under an argon gFre¥pherR. PotasSicsRam)

(finely ground and dried, 12.7 g, 92 fhol) waf aweed ahd the m xture’was
allowed to stir for 25 minutes. A solution of % he product frompart (c)

9.~ g, 18 3? | Wi y < ] dth

Conct Pon B ot ur el ML SLIEHBEGEVhe Brddudttidil Ji00 00f it o 438 ARRRA] 110

m xture was cegetivlbginsid®nis, 0. 26Mnisl) Ne vestinole 003018804 nel) Wa%l)stﬁi_lz;E&'t ed
e

wth ethyl acetate (100 mMl) and filtered into a sepdratory funnel.
m xture was wasrecmvtietdperatyretaasisidradviivalehsd ef [-@hentihvdoxiiperdzayeds wer e
separated. The a?ue us Igyer was back extracted with_ethyl acetate (50 m).

The organic s&RIRINIHGhIGEAE (B OL7 mmabives addadenPimethyigmenonridine 50

m), 10% sodi thi.osul f at e and saturated sodi um.ch ide ( m),
dried over soxmm%)uvr?sa?@ﬁie% %??5%#%&?%’8&%@5? Pve?tses(]j"tr%éng?f %Q%?uﬁe’?g?l was
di ssol vedy SQeﬁrétioriLiN_%sG‘Iﬁté’&@ﬁtﬁ’ﬁie@ﬁ?l)en@W&@R@éhe@%ﬁttﬁi@@qg\nf || tered
through silica. The filtrate was concentrated to give 12.88 g of the
desired produdrietisoveranhydroud sddiam swlfatd0 Threstude tphodiictfwiig pafified by
purification. G~C." .=-C-CN~ HzZlv~- N~.,, -~ CG?Ci~~ Il ~ CHo O O The
crude oil prodlash dhromategnapt)ongiticaigebeluring withcshshacatateviekdingi310and
water (5 m). A ium fluorid 3.4 2 | ) .and gl aci al acetic acid
(5.25 ml, 92 rmg}g?%%ﬂ]es 6‘888‘)‘5&8 %%gwglea@aﬁaﬁaﬁegfﬁw-%ﬁ m nut es.
The reaction %ﬁw uted with ethyl acetate (130 nl), transferred to a
separatory funnel "and washed with saturated sodi um bi carbonate (30 m). The
| ayers weng separated and the aqueous | ayer was back extracted wth ethyl
acetate. The organic solutions were conbi ned, 20 washed with saturated

sodi um chl ori d®, dried over sodiumsulfate, filtered and concentrated to an
oil. The oil was dissolved in etohyl acetate (30 m) and warned to 60C.
Hexane (25 m) wadtaed&ed and the mxtureﬁ/vas allowed to cool slowly with
stirring and _srﬁ i glx\aszo,gyst Q- ¥atCHom QGredtr Cedii)hexane (75 nl) was added
portionw se. £ regul t ant "s'(')T?d Was 25 fihtered) washed with hexane, and

dried to give 8.91 g of theg desired/praducth. 261 15 er 2002 g) 0 ~
OCl-CG V z- GhlH C ( 0545")'§\[rN\ N—C—0—(CH;):

0 (homochiral)

A solution of the product from part (b) (200 mg, 0.234 mmol) in
dioxane (5 ml) containing 1.1 equivalents of HCl was stirred under a
20 hydrogen atmosphere with 10% palladium on carbon catalyst (75 mg) for 2
hours. The reaction was filtered and the solvents lyophilized to yield 122
mg of the desired product as a colorless solid. MS 588 (M+H)*.



A2 liter dried flask equi pped with a nechanical stirrer and argon inlet
was charged with 1-benzyl pi perazne (40 m, 230 mmol) and toluene 5 (250
m). Wth vigorous stirring t.butyl isocyanate (27 m, 236 nmpl) was added
in rapid dropwi se fashion over 15 m nutes. The product precipitated to form
a thick slurr~~. The slurry was stirred over an hour to reach 25C. Heptane
(5 70 M) was added to the slurry ovdé0 30 mi nutes. Thes Norekbar09Ropper ed
and placed in a cold room (5C) for 4 hours.. The 10 product was coll ected
b~~ filtration. rinsed with heptane ( 1 ~ 200 nil) and air dried to give
61.0 g of the piperaznme of the forrru!g 0 ~CH-- ~ -CNHC (CH3? 3 as a w
hire solid. x5 ~ 500 m flask equi pp magnetic stir bar and a
spargi ng tube was charged with methanol (200 ml). The flask was cooled to
1C and with stirring acet~~l chloride (5.7 m. 79.9 muvol) was added over 10
m nutes. The solution ygsyal | owed togreach roomtenperature and the above
pi perazine (20.0 g) i 2.6 mMmmol) was gg d, .Pall adi um hydr oxi de on 20 carbon
(8.0 g) npisture ¢ nNT s ¥t a2 TE%%89%) was added and the |

m xture was then sparged®wi th ajgon| for m nutes. The reaction m xture
was then sparged with hydrogen. jaftier 3y hQursy—HEL (o) di t he
starting material was consuned’conpl eyel\.__Ahe lim xture was f ered through
Celite and the Celite rinsed with nethanol (609 ). ThemeHirsinate was
concentrated until solid started to crystallize (175 ml et hanol

col l ectedp. |sopropyl alcohol (200 m) -was added slowy w th nanual
stirring. The n‘ixt,i; e wa co?%entrated_ to a solid/liquid mxture 262 15
Novenber 2002 (153 W‘é‘?‘g‘?ﬁ‘t‘ﬁ KRR MEs0-AP mmad) was eddad teor 2 hours.

30 1) Cand. ai PISTRRCTRE orth(a 4 45 WO Rag HEE Ropbta vas RERDN ) The
formul a 0 HClymmures: e erifiddiBhdere Q@i.datv%\)g;a ?@éapn%ﬁl:é&)%é Qhé gesigﬁe W om,

t hr ee- necked ?JI ask with a magnetic stir a spargng tube was charged
wi th this hydiiesdived inevazat/diodxane (3:1)22.06l) amal Iyophidized ity ¢ivlg2 med bydene
chloride (50 m). 1.8-Di azabicyclo(5.4.GJundec-7 10 ene (6. i m. 45.1
mmol ) andOpyrdehirast prodwt asp cadorlesseadid. Wy 83adMedYo the niYture. The

m xt ure becanme honpbgeneous The m xture was sparged with di-~- carbon

di oxi de gas at roomtenperature for 1 hour. dry 500 mM flask with a
magnetic stir bar was charged with tfg’ gg~”leﬁ oride (4.9 m, 67.7 mol)
and anhydrous net hyl ene chloride (25 ; e solution was cooled to
-10C and di et hyl f or magggdgcfO0. 17 m, 02. 26 nmmoi ) was added. The above carbon

di oxi de sparged m xtur ¢ was added vi ‘_ ar znul a under carbon di oxi de

pressure over 35 mm%%N/?n'g%‘r[iLr/va' %: gl\hrléﬁéed ith methyl ene chloride (~

m) and the rinse was added to tlhe eacti/e-n\ Tt]%nreaction was stirred at

.10C for 30 m nutes. The v N Ne=— C=—0O=C—[CH (CH3)2]2
N ]

o

{homochiral)

15 a)

o o)
_ ] - T
CH, %‘C | C— N~ CHj;
“ J\ Illl.‘
@——cur o-C- 1;!1/\/ 1

s—NH
)

A solution of the carboxylic acid azetidinone product of Example 1(b)
(150 mg, 0.311 mmol) in tetrahydrofuran (3 ml) was cooled to -20°C under
an argon atmosphere and N-methylmorpholine (34.6 mg, 0.342 mmol) was



20 reaction m xture was poured into 0.5 MHA (75 m) and shaken
vigorously. The organic |ayer was collected) dried over nagnesium sul fate,
filtered and concentrated in vacuo to give 4.95 g of the desired product as
a light yellow solid. 263 15 Novenber 2002 h) 0 ~CH--OCNo " H?’NrO
zZCH G O CH O~OIll ~0O0~CuNGCNC(CH3) ; O~~ 0 The product from
step (f) (11.84 g, 20.7 mmol) was di $6dl ved m anhydr oyg N&idnib&n20gh! ori de
(100 m) under argon with stLrrng. The 5 carbanmoyl chloride product from
step (g) (7.47 b, 26.9 mol, 1.3 eq.), triethylame (4.6 m. 33.1 mmol, 1.6
eq.)) and 4-daddedyldnEguoiwalendiofe Z M F@ution®@r?mompimetByRineipe iner e added)
and the reaction was allowed to stir at ambient tenperature overnight. The
reaction was pRigRBpdroferapwesdder follawediby the pdditige of bepzasrisaplatat ed, and
the organic | ayer .washed 10 wi.th second rtion of, 0.5 N HC . The

aci di c aqueou¥Yq’g§’\§€@1%§§%ﬁﬁﬁﬁﬂo}§5&°§3&%’d‘W\?‘Fﬁgﬁgi”?ﬂﬂq\?ﬁghﬁﬂ QP FRE(50 i)
and conbi ned w f g rked h i gani.¢ 4l rs
wer e washed wwf%hs%?%rlgﬁggeg%gl&génr? ‘t))vlagastrdggén%ta ge- 10%)?%1 ; an‘gtr%g%l‘r\egtlgg?sodi um
chl ori de, ®nds5el perhssions biudfatnssittiat, andidracledtwiah bhgl Addehr eThand
concentrated to gii ve 15 17.D g of the desired product as a crude white
solid. i) NH ethylacetate expgerivas-washed witlywarer aod bineGagd drigdover C H n 0

(350 m1) w1 h ST RGBT g AbyRE o i CEFGIAT APE AORFGUR BRI a00,
| | adi o al : % I t d '
por 1 on ol | obuiony SAeeK ShaphafodtarBE Rl g SO ol btk R 0,

wi t h hydrogen of ghe dedirédibesdudngd 4 BoBriRb@sAEH UndSuogtRsieric 264 15
Novenber 2002 hydrogen pressure (balloon). Two additional charges of

pal | adi union carbon catalyst (1.7 g each) were added to the reaction, along
with a repeat of the spargng procedure. The reaction was judged conplete in
approxi mat el yb4d hours (HPLC anal ysis). The reaction was sparged with 5
argon for ~ mnutes and filgtered through a packed pad of Celite. The Celite
was washed with anol (2 k 12a nl). The cdjrbi:zned ethanol filtrates were
concentrated to roxi-matefi'50 g and al | oged toctir for 4 days. Crystals
formed in the filask The cﬁ’ystl Iwﬂb,jl ed. washed with absolute

et hanol (25 m QrTedCty gl{ye .74 of{ the gas}ired 10 product as white
crystalline mat®rial. This faterial was it her npur il ed Qy-wai- 6gk )L 95%
et hanol to approxi mately 40C for 30 maut esT\W)I\owéd by cobki ng,
filtration and dr~-ing. Exanple 194 0 o H

A solution of the product from part (a) (100 mg, 0.2 mmol) and

triethylamine (23 mg. 0.225 mmol) in methylene chloride (2 ml) was

15 stirred at room temperature and 1.1 equivalents of 1-diisopropylmethoxy-
carbonylpiperazine-4-carbonylchloride (65 mg. 0.225 mmol) was added.
Dimethylaminopyridine (8 mg) was added and the reaction mixture was
stirred for 16 hours. The reaction was diluted with methylene chloride,
washed with brine, and dried over anhydrous sodium sulfate. The crude

20 product was purified by flash chromatography on silica eluting with ethyl
acetate to give 58 mg of the desired product as a colorless glass-like
residue. MS 750 (M+H)*.



15 The product of Exanples 21. 32 and 193 was al so prepared as a zwitterion
or inner salt as follows: a) 0 COZHNHZC(CH3)3 (H3C) 3-C..O-C NH 20 0 A dry,
3-necked, 12-L flask (flask A) was charged with 769.4 g of

(4S)-N-(t-butyl di met hyl silyl)azetidi none carboxylic acid foll owed by 6L of
dry tetrahydrofuran. A separate 3-necked, 5-L flask (flask B) was charged
25 with 1537.8 g of the iodo product182 om Exanpl e 192¢{s5Nepefiberf200Rowed by
2L of dry tetrahydrofuran. Under a nitrogen atnosphere, 4L of dry
tetrahydrofuran was charged into a 22-L flask (flask C) followed by 3.69 L
265 15 Novenbey 2002 of lithiumdiisopropylam de. The solution of Iithium
di i sopropyl am de was cooled to -30 to -35C. Wiile maintaining the

t enperature at 'iﬁqﬁﬂan -ZOC) contents of flask A were added to flask
C. The mxtur%@rﬁg -rze =eCH325C for 30 to 60 m nutes and cool ed
to -35Cto 5 - he con'eﬁFF of flask B were then added portionw se over
25 to 45 minutes while mai rhtar ni ngm i nlernal tenperature of flask C at

| ess than about -20C. The A €s Fe- Qs stCHEHs ¥dr 2 to 3 hours
bet ween -20C and -23C The reacti quenched, by thema¢igitdion of 6L of |
cold water while maintaining t he® |nternal batch tenperature at 10 -20C to

+5C. after stirrin S ens re renoval of
t he szl ~~I protect %nggagpgﬁp&qﬁ%?wﬁﬂat f}gn&jtp%sr?gb(}raagl%g Ogy ’?ﬁ@ d8di tion of
cold 6\' HCL( §if&nle) (3 hDEcoRaihe®n. MativaR e st § NoHEf & deirdr@d anBbBage
sputter and the top organic |ayer was di scar ded The aqueous | ayer was

washed tw e hiydhoghdn atmosphere ofithdQénpallddienaqneansopbaadystd20 hig)dfopked t o
about OC and treated with 6N HC tékbout 400 M) until the pH was 3.0. The
bat ch t enper athgaEs \AE@erFﬁraﬁftl% g fHltened and ﬁm@vmﬁsrlﬁgphlhﬂsd tpEicdd 88n. The

cl oudy aqueous tracted thr T ions of ethyl
acetate. The %%fﬂé% 8?11' a@.(\ﬁf%&‘ecgﬁsa?cf%lo %%@ﬁg#ﬁﬁgﬁ)ne (3 x 3L) and
concentrated to an oil. The oil was redi ssol ved in 20 8L of fresh ethyl
acetate. tr ansferred to a 22-L flask. and cool ed under nitrogen. Wile

mai nt ai ni ng the batch tenperature at mét@gsac, tertbutyl am ne was added
and the resulting m xture was stirred overnig roomtenperature. The

m xture w8 concentrated to a yellow slurry, treated with 6L of nethyl
tent-butyl ether and stirred for 3 hours at room 25 tenperature. The
mxture was filtered andmﬂélcflrlter calqe s washed with nethyl tent-butyl

ether (1.5 L) and dr| ?cbo NE GOt ant Wi NrCHeof 805.9 g of the desired

pr oduct . 266 15 Noveéfrber 2002 b)_"CﬁZ OCN-~/~~~, CR2h'~2C (CH3 ) 3
~CH2-O-G HH NH O Triffuroacetic laci 31/I'M 403.9 mol, 18

equi val ents) was added dropwise g6 a Bosi i "[CPTeCdF:gde:t from part
(a) (10.0 g, 22.44 mmol) 5 in methyl ene xchl de 40 en -~Cto
+5C under nitrogen. The resulting |ight Cﬂ/el | ow cl ear m 8??1622%"2 stirred
at 0OC until less than 1% of the nono tert-butoY~car bon~~| i ntermedi ate was

detected bbl HPLC (about 4 to 7 hours). The nethylene chloride and
trifluoroacetigy acid were renoved in u~zcuo at roomterrperature Tol uene
i30 mM) was added to the

o)
I 9 u
CHy;—0—C-N Cme N—CHj

CH:—O—C-H/‘L AT _(

N New C=0O—=—C (CH3 )
a7 = 313
0 \|Orb\__/ r(l)

15 A solution of the product from Example 67(e) (120 mg, 0.242 mmol)

and triethylamine (37 mg, 0.363 mmol) in methylene chloride (3.5 ml) was
stirred at room temperature and 1.1 equivalents of 1-tert-butoxy-

carbonylpiperazine-4-carbonyichloride (90 mg, 0.363 mmol) was added.



10 residue and then renmoved in vawio. The residue was treated with

i sopropyl alcohol (10 mM) followed by toluene (20 m) and the resulting
solution was concentrated in vacuo to an oil. This step was repeated one
time. Isopropyl alcohol (50 mM) was added to the above oil (about 23 g) and
15 the resulting solution was cooled to OC. The pH was adjusted to 8.5 to
9.0 by the dropwi se addition of trieflB@l am-. ne betweens QG dRpe26d8 M of
triethylam ne was used in this procedure).

N, | ~' ' -Bi s(benzyl oxycar bonyl ) 1- guanyl pyrazole (8.07 g, 21.32 nmol) 0.95
equi val ent s) 1 . t olii ed. The
m xture was stir regggﬁ%dg?p%&rﬂ%mé oﬁégﬂwg? %rd tgg%at%gé é{igfi g‘{rfi‘%ﬁ]ﬁﬁaﬁ%ﬁ%gi mat el y
30 hours unti ktithel forlo oueb. Mheduaétidty haddiRit@with aRitRylehB3Rlotbdel as
determ ned by HPLC. The sol vent was renpved in vacuo at roomtenperature to
af ford appr oximashefl ywidl2 byinef agddined aver anhiydsows dodivare sthifate.eTheictrhdet hyl
acetate (?0 m) (fnd wat er 1.%}78 mﬁiﬁis and cooled to OC.._The pH of the_solution
was 25 adj ust BEPARFIWVES piEiHeo hy Sshohromagearaphyoa siler eluginecwith ethvsodi um

267 15 Novenber 2 hl ofdde until saturated. The aorganic |ayer, was

separ at ed indgf?ﬁf‘qgéﬂ Vﬁgiq(gﬁ’/n ror}\kbg dtsgf’trfgcp[rg ugh ?ﬁwaé?%ﬁesﬁggséﬁéke(z X 60
m ). The conbiggduet b 7a8MREiR)Y ayers were washed with saturated sodi um
chloride solution (2 x 60 m ), dried over sodiumsulfate and filtered. The
sol vent was ebaporated 5 to give a yellowoil (14.4 g) which was

redi ssol ved methyl acetate (40 . m ). The resulting clear yellow solution
was warmed to 36 NH4BCland treafed dropwise with tert-butylamne (3.3 nl).
After crystall.i zaﬂi om~Qf-4 he sactsi—dme slurry was cooled to room

t enperat ure, §'{2iNrre§ for 1 rs, then cooled to 4C, and stirred for an
addi tional 12 hours. The product wags~) filtered) washed with cold ethyl
acet at e/ hexane (~ x 5 m) lbqh,thex F20x-G{3H4)s and dried LTL UQCILO
LO give 8 g of the desi r ¥ pr odu t.\-e-)}h.e O. C—N.FC;-_OgHZ-( () ) /~q~
~ .. ~. ~CH~-OC HNHNHO18 :~ dr~) argoR“RToshtdre 50 M flask was
charged with the pr . fr art )e (5.0 Q). N -Di hyl pr.opyl eneur ea
(15 mM) was added, ’g%ﬁ#ﬁ%‘ %%F@f@déﬁsﬁé?’ﬂsrlgda* @P %g%'ﬁg?émopﬁ@ysystem
was not h 0gREPMSe i i : i t he
flask. ant) perarate éﬁmmggéo(%ﬁ.aiﬁ?)ﬁl. GVggefﬁgFg?s%m%@qggdﬁ%rgapi dl'y (no
exot her m was Hydrbger eesipspieretwiBhtlylaphiladifin 98 dairbod) cXalyuBs ahgnfor)2 was
added dropw se (the tenperature rose to 27.5C duri n% the addition, held
there for apprhoursatiBiereactipnas fHtered andethaishlvenns lyephibsepregve hmmg hen
began to fall). en the tenperature dropped tq 25C the water bhath was
renoved and t K€ tﬁgi@ﬁr@ RFQQuCt 2 7 saloslesp BPHA M§é3@d§@*§)¥2*:ioﬂt&ﬁp|(ﬁ}-on of
the reactiot was conf&rmed by HPLC anal ysis. The reaction 268 15 Novenber
2002 was dil utB8tH#R) et hyl acetate (30 m) and tert-butyl nethyl ether (30
m ). Thisqgol ution was washed three times with 5%citric acid (1 x 30 m, 2
x 15 m) and then washed with saturated sodiumcehloride (1 x 15 m). The
resulting solution was dried over mg%‘%ﬂfate) filtered and 5
concentrated an vacuo to give 5.85 g o € desired product as an orange
oil. d CH--O-~~ NO /4HHCL ~ ~-. ﬁ: L'l-~ ~CH~ Cr'0.--~. _HN/~ ~
"-r~r,"."r''" Hc c chi jLSM@;y, argofuat nopsphere 50 m flask was
charged with the prodde¥ 1& fromp c) (2.5 g), ethyl acetate (3~ nl))
triethylamne (0.98 m, 1.6 equivalents), agmi\4-di nethyiam nopyridine (0.16
g, 0.3 equivalents). The reaction N ed dveCHt QRC(Capps oxi mately 20
hours). HPLC analysis confirned Phat thdlre i onllwas 99.40{3&00 | ete. The
reaction was fihered through a fine glass frit an8 t hPTRS §a\r‘mre washed
twice with eth% 15 acetate. The filtrate was washed with 5%citric acid (2
x 15 m) and ofite with saturated sodiumchloride (15 m). The organi c phase
was dried over magnesiumsulfate, filtered and goncentr at ed ira vacuo to

afford 3.46 g of d%%lz_r_eé:l_@_rlﬁduct as a tan f(gziTNHz
0
I /L ""--—-r
@-—cHro-c-g g/\/
. )———NH

o)



269 15 Novenber 2002 e) ~x + OHBNOOOQ -~~t-'".""~" . HC( CH3 ) ; O12 L

t hree necked round bottom flask was charged with 10% pal | adi um on car bon
catal yst (b0.34 g) 47.31 nmol), water (362 m), 5 ethanol (6883 nl), and
the product frompart (d) (345 g). The m xture was agitated and sparged
with nitrogen for approximtel ~~ 20 to 30 m nutes. then contnuousl <<
sparged wit: h~-drogen gas at 1~ to 18I until HPLC ang Meivemben002ed
conpletion of the reaction. The reaction m xture was sparged with nitrogen
for approximately '?.U - 3U mnutes, filtered. and the 10 filter was washed

2L ool et o sl S SRR SHanih 15 bt M SSEn e 2,
Concentrat | O“scﬂﬁﬁﬁP%f%hBHS’ﬁﬁaE ighdifekéﬁe 38 el DY sogﬁoﬁg?%ﬁ%%gﬁ%%g 120 -

allowed to crystallize overnight at room tenper re w

2U0 revol uti ot dedired prodelt whdebiinedoshis colrbeskisbligr edSarmd @reH+ | t er
cake was washed three tinmes with 300 ml of cold ethanol/water (9515, O to
5C). The filtkey cake was dried in vacuo for 10 to 20 minutes. The r esul tny
solid was dried to constant ight in a vacuum oven at roomtenperature to

give 155 g of t desired fijpal product as a V\,ﬁite solid. 20 270 15 -~
Novenber 2002 CHPSOHGL- 2COZH H2N N~ i ~. . ;O {H5 O N~ ~I ~r-~ 0---- ~
I [

HCH ( CH3 ) (B9 2/|E) So\zy,,,h;C)r-c--o--c N
N
H

CH>—0—C-N
i . N C—0~C(CHa)
/-— — —— S—
O/ \—_/ i 373
0
o .

5
Reacting the product from part (a) with 1-tert-
butoxycarbonylpiperazine-4-carbonyichloride according to the procedure of
Example 68(a). the desired product was obtained as a colorless glass-like
residue. MS 694 (M+H)".
10

c)

HoN JL I;II/\///""_T

N Ne—=C+~O—C {CHy)
SO W
0]

O  (nhomochiral)

Deprotection and work-up of the product from part (b) according to
the procedure of Example 68(b) gives the desired product as a colorless
15 solid. MS 426 (M+H)*.

Example 70

R ]
C—N Ne—=C=0—C(CH3)3

N,
/ \ ]

pr— N == Co= 0= C~—[CH (CH
o7 N\n, ‘ [CH(CH3)2]2

0 H (homochiral)




21 NH5 ~ 2.5\~ hexane solut~.on of n-but~21 lithium(~ 1 5 m. 14.39
nmol ) was added dropw ise to a stirred solution of diisoprop~lamne (2.02
m. 14.39 moi) in tetrahydrofuran (18ml) at O0C. After 30 m nutes of
stirring the solution was cooled to -30C and a solution of (4S)-N-(t 10

but yl di met hyl si |l vl)azeti di none carboxylic acid (1.50 g, 6.54 mmol) in
tetrahydrofuran (8.0 m) was added diBpwi se. The reactEqqoVEniber Z002S
stirred between -20C and -25C for 30 m nutes. ~ solution of the iodo
product from Exanple 192 step (b) (3.02 ;. i .85 nmol) mtetrahydrofuran
(4.0 M) was @hen added over 10 minutes. After 2 hours, the reaction 15

m xture was warnmed to OC andyquenched by the addition of ice cold water (35
m ). The pH was justed to ll2.5 using 10% pot ﬁssi u i suldfate. 4fter 30
mnutes stirri n@ﬁecblmﬁ-i was washed w t hchex nes,N_c,@QJ_@d_(_t(QHOp and
acidified to pH©OT 3.0 usiI g HCl . Theg, aqueglis solutson was saturated
with sodiumc l_gzn.q) Md acetate (twice). 20 The
organi c extracts/were conbi red, Washed with brine, dried over nagnesium

sul fate, and concentrated to give 1.10 g%_fg“tl‘ﬁb desi xed product. 271 15
Novenber 2002 b) -0-CHZ Og~" /,'.. -O (H3C);-Cue--0-C~-N la NH O Sodi um

bi carbonate (0.62 golidwiith tHHroc AR [ ;e ] Qs the
product from step (a) (Iﬁ.pglo g, Z%EI ml?a%ﬁle?ﬁﬁ({a%?ﬁshﬁﬁé%%&gle%rtlo m).
Benzyl br om dbufdky@srbunyldiperzinentdr) thearohbmetinddanne Aftpedesii® diprodsctt he
reaction mxture was partitioned between eth~ 1 acetate and water. The .
organi ¢ pHasewag$bitadled: agia colgsiesa sahidh MPi63d. MrHu over magnesi um

sul fate. and goncentrated. The crude Droduct was purined by silica gel
chromatographg)to give 1.26 g of the desired 10 product. ¢c) O o Il-0-cH- O
', (HBBC) _---~Cll T.3~®i-- C---C'- CIL CH ( ) Ol CH( CH3) 2
O The benzyl es@_&r&&gc&_&_r mstep (b) (2217 ngs—0. 481 mmol ) and

1di i sopropy | ne Xycarbopy perazi ne-4-ca %‘Unyl chioriadett178i:my) 0.614 15
mmol ) were dis ved i n_net hyl ene~chidri 2.0n+§-/. Triethylam ne (103 ul,
0. 237 mol ) SHTTOT Ft th yl dni nopyr{di e (6.0 my, 0.049
nmol ). After 48 hours the reaction m xt mas l\éonc‘@m&_abect_arg@i};@dﬁgmgsi due
was partitioned between ethyl acetate @nd wat¥r \.Ile organilc phase was

i sol at ed) washed w th 5% pot assi um bi sul fate and sat urat ed 20 sodi um

chloride, dried over nesium sul fate, and caoncentrated. The . resjdue was
purified by sili caagé‘?q%g‘l‘??‘cﬂ#épﬁé’ﬁ'a WS ff%md?qlls?ﬂ RE: gfz RRORRS r ed
product. 272,15, NA¥EABRR3 2002 825 are iR EEHERCehidFle (2 ml) was

10 stirred at room temperature and 1.1 equivalents of 1-diisopropyl-

methyvloxycarbonylpiperazine-4-carbonylchloride (65 mg, 0.225 mmol) was
added. Dimethylaminopyridine (8 mg) was added and the reaction
mixture was stirred for 48 hours. The reaction was diluted with methylene
chloride, washed with brine, and dried over anhydrous sodium sulfate. The

15 crude product was purified by flash chromatography on silica eluting with
ethyl acetate to give 68 mg of the desired product as a colorless glass-like
residue. MS 906 (M+H)*.

0
o) O
I S
/7 w— —_— 00—
H-oN N/\/ %, ' 313
2 o —T e/ o
/ \ |

N—c—o—'l:-—[cn (CH3) 2]2
H (homochiral)
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C0-- ~H-CFR ( CH3) OCHCH3)z O Trifluoroacetic acid was added dropw se
to a stirred solution of the product frompart (c) (3D0 ng, 0.418 mml) in
nmet hyl ene chloride (1.8 nl) 5 at 0OC. The reaction nxiture was then stirred
at roomtenperature. :after one hour, the reaction m xture was concentrated
and dried an uacuo. The crude product was di ssolved m chl orof orm and
concentrated. The procedure was repd&®@Ged 3 tines. ThelscNodempeodde2 was
then dried in uacuo to give 297 ng of the desired product. 10 e) CO CHz
i~. ~/. HNN ~Iw~-GCHCHt CH3 ) z CzHS O I H CH3)2 O Acet al dehyde (15.0
ng, O. 330 mol ) was s3dssh N rom part
(d) (198 ng) O. 314Aﬁwa%|) |Epﬁet%’tddgggﬁgﬁfgﬁﬂd@§® gid’%%w cgl?f{’: acid (36
~.1, 0.-628 mmaioxana$2 atl)eontadhingr 1.2@quivaléws offl.A N HCIrwadgtirded woRiraxy
sodi um borohydride (100 ng, 0.471 mmol) was added. After 24 hours the
reaction m xtlydrogas admm&arwm % palladiumtan canbendasplyst (2icmig) forali d
was added and t he rgacti on. guench t he addi of wat er

organi ¢ phase®WHs" i Gfﬁ?%c&m’\/\)ﬁ%ﬁg‘ ‘fﬁnﬁ?%ﬁ%"é&t%fy&i)ﬁm% Oryigld AIgri ed
over magnesi tfs e t he desired
product . ¥ Ul?gid;tﬁl\%ve %ria %&@E@&%&gbghés%sghg (l\;i %6]377 -C, H CZHa ~
~a-CGGCGIHCHCH3)z 0 O CH(CH3) z The product frompart (e) (174 ng, 0.264
mol ) and N, Ndi car bobenzyl oxy- S- et hyi sot hi ourea (9b ma. 0.264 mmol) were

di ssolved 5 in dinethyl formanm de (I.Examplpdilcuric chloride (72.0 ng)
0.264 mmol ) was added foll by triethylame (110 ul. 0. 792 mol|.
~rfter 3 hours. the reactﬁe}g@s dilutea with ethyl acetate and filtered to
remove mercury salts. Thg-/Nitraté. was d w t h{lsahoeiaied )sodi um
chloride. dried over nmagnesilum sul f and conce
was purified by 10 silica gel chrorr__ 40 mg of the desired
product. g) NHHCL CO ~ii H 2N D1’ i ~ CH( CH) CGH G.
~H(CH3) a O(hom)chlral) The product from &t qf) (4~ ng, 0.053 mmol) was
di ssolved in 1,415 di oxane (0.5 m). (5%=H:tCH: 0. 053 Mol ) was added
fol |l oned by 10% pal | adi um on carbon catalyst (15 ng). A hydrogen atnosphere
was introduce® via balloon. After 3 hours of stirri ng at roomtenperature
the reaction mxture was diluted with water :1,4-dioxane (1:1) and

ed. The crude product

filtered. The filtggte wa philized to afford 25 ng of the desired
product; (M+~t 20 :(':%I 15 Novenber 2002 Exanple 196 NH CF~COCOH
COzH H2N N~ r~., 3

10 CHy~CHj

Methyliodide (200 mg, 1.41 mmol) was a&ded to a solution of (R)-1-
phenylaminopropane (420 mg, 2.82 mmol) and potassium carbonate (292
mg, 2.12 mmol) in tetrahydrofuran (5 ml). The reaction mixture was

15 stirred at room temperature for 4 hours and then heated at 40 - 45°C for
14 hours. The reaction mixture was filtered. The filtrate was concentrated
and purified by flash column chromatography [elute with 5 - 10% ammonia
(2M in methanol) in methylene chloride] to yield 43 mg of the desired
product as a light vellow oil.

20 D)



n QN / ~I~-C~--0 ~H-CH( CH3 ) CH2 000 CH(CH3)? (honochiral)

Fol | ow ng the procedure of Exanple 195 but enploying 5 benzal dehyde m pl ace
of acetal deh~ de in step (e) the above conpound was obtai ned and i sol at ed
as the crifluoroacetic acid salt: fMrH) T = 559. Exanple 19? NHHC1 COzH HZN
HN~NGC-- ( CH ) ; 00 10 (honochiral) a) I H3C)
3-C'-0-.C-~?2.~,-C* ( CH2 ) 5 Tol@7solution of 6-phepiensramop acid
(4.0 g) 20.81 nmol) and 15 hydroxybenztriazole (3.50 g, 22.89 nmmol) in
anhydrous net hyl ene chloride (100 m) was added

ethyl - 3- (di et hy| andIalBRAPYhe pASHAL &R YRGB B 5] ik 39 O,

22.89 mmol ) at 0C e mxture was stirr venber for 30

m nutes. 1- teflbt@dhmms@'bwlmwﬁﬁﬁan i InSchylene?chi8AdeNPm]) ¥ added

di i sopropyl et hylame (4.35 m, 24.97 mol) were added and the m xture

becare a honﬂgeanStO%SQlutmn ofplh@ssmeufa 265 nals 0<136wh ka2 h#dint tolweren

t enperat ure over our g ?_L er ni ht The s g‘vent was replaced 5

with ethyl adRiB$ ? ethan é§8| iY§* QIIH%I}U&HS e ReaHIN WXRIe. 25 M

pot assi um bi K ) t d so u i.C Qnat.e of 9
N %sf &HE&@% éfab fgr tlchoztlx)x ’ﬁ?epea%ilg hemwgs ﬁ%%%ﬁﬁﬁ t 8(%:;? L

to 10), and brine ried over “nmagnesi um su gi ve
the desired RREYuSiHubRYAd Alltd @ AMIARLAUSARE) BFSmO) I The- form-ea whité sol dCH 2 )
5 10 b) The crude product frompart (a) was di ssolved m nethyl ene ¢ Iorlde
(160 nl). ThevaofilttrahowasThondsdtihg G e dvds doncemtrasaito neRES WX nl )
was added dropw se. The ice-bath was renoved. The mi xture was stirred at
room t enper att pdesyednradneias a YRBoWailent s were renoved under |5 vacuum
The residue &?S diluted with ethyl acetate (200 m). The sol uti on was
neutralized Wth saturated sodi um bi carbonate (pH of 10). The aqueous | ayer
was extracted with ethyl acetate (2 :c 100 nl). The conbi ned ethyl acetate

sol ution was d vm th brlllne dr| ed over nmagnesium s e and
concentrat ed t Ve e de d product as a R0, -cei oil. ¢c) C
~-C--~N-C~- 2 ) 5 o ut| on of p,hosgeﬂe (20%| n uene, 50 mmol)
2fi1.3 m) was yIene chlorlide (30 m) and cooled to OC.
A sol ution of ecrude prodhct”frompartl_g)“andtrieth ine in
met hyl ene chloride 276 e If
0 CH;,
10 CH,~CH;

A mixture of the benzyl ester product from Example 1(c) (80 mg,
0.14 mmol), the acid chloride product from part (b) (44 mg, 0.21 mmol),
dimethviaminopyridine (17.1 mg, 0.14 mmol) and triethylamine (21 mg,
0.21 mmol) in methylene chloride (3 ml) was stirred at room temperature

15 for 7 hours. The reaction mixture was purified by flash column
chromatography (eluting with 25% ethyl acetate in hexane) to yield 62 mg
of the desired product as a colorless oil.
d)
NH<HC1

H,N N"\/”'-.‘__rCO:’H (homochiral)
H

Pt N
04 |
CH,

© CH,-CH;

20 A mixture of the product from part (c) (60 mg, 0.08 mmol), 10%
palladium on carbon catalyst (8.48 mg, 0.0008 mmol), and 1N HCI (0.08



15 Novenber 2002 (30 m) was slowy added to the above solution over 20

m nutes. The resulting solution was stirred at OC for 1.5 hours. The
precipitate was renoved by filtration. The filtrate was concentrated and
the residue was purified with silica gel chromatography (hexane:ethyl
acetate, 2:1, Rf =5 0.15) to afford 5.00 g of the desired product as a
white solid; (MH)T = 323.3; IR (KBr}68731 cm 1. d) QEN&vembaN200Q CH2
N~ ~~/[~CH--OC HH~i-~! CHz ~~ G~,~/ OTo a solution of the
benzyl ester product from Exanple 1(c) (150 ng, to 15 0. 26 mml) in

met hyl ene chl O . ' th |.am 3 31.mol ),

t he product frg%)meg)gﬁﬁgl% %g)fgﬂg?gbﬁ%% 1:?@& “ﬁ&gﬁa"ﬁ&ﬁ?ﬁ %W%@WF? di ne
(1.6 1m0, 0. Ol fyiPain bANBomNAHob@NteiGerbbird B 1ur3 T SacBd xﬁﬁﬁﬁfé)' vent
was renoved. The residue was purified with silica gel romat ogr ap

(hexane: et hy| wasdilséred thrapgiRa G:elite@?c)akeo B wsdlﬂﬂgﬁmﬁ-aoé waldyeisls 1]1&@61
product as a colorless oil. (M+ ~+ 859.5; (M- |~- 857?. 5. Lihlz NHHC1 H2
N H CO2H N taY{eéﬁélpg@f@e KesisedPradyctas whivesabid. tHS 90AMI+HYom par t
(d) (100 r%) ? ffﬂ@"]}?éab 20 pal I adi um on carbon catalyst (10% 30 ng), and
IN HO (1% E F ) D77 15 Novenber 2002 mmol ) was stirred under a
hydr ogen at nosphere (ball oon) at roomtenperature for 45 m nutes.
flnalytical HPLC indicated the reaction was conpl eted. The reaction m xture
was diluted with water (6 nm), filterEga lé'm/ophlllzed to give 53 rrg of
the desired product as a white_ powder. + + 501.3; ; (M- H- =
499.2; IR (1iBr) 1785 cm égérrple 198 HC1 H NHS CO2H N~ ~lv- n-- ( CH z)

/O O HoN ;1\1/\///"" »CO2-CHy-CH (CH3) 2

04-——-NY m-- —-I\:—-C(CH;;)

inomochiral)

a)

0
@—CHz—%-C'/ll\lT\ CO,-CH-—CH(CH3),
Ill
Qoo y ™ ]

o—NH
10 o7

Cesium carbonate (29 mg, 0.088 mmol) was added to a stirred

solution of the carboxylic acid azetidinone product of Example 1(b) (85 mg,
0.176 mmol) and 1-iodo-2-methylpropane (81 ul. 0.705 mmol) in
dimethylformamide (500 ul) at room temperature. After 24 hours, the

15 reaction was partitioned between ethyl acetate and water containing a
small amount of sodium thiosulfate. The organic phase was isolated,
washed with saturated sodium chloride, dried over magnesium sulfate,
and concentrated. The residue was purified by silica gel chromatography
to afford 62 mg of the de.sired product.



(di as~ereonmer m xture) a) 10 ( CH3 ) 3'~C-o0-""C O c-0-cH~ ~./ ~N~C( CHZ
) 500 A solution of the product from Exanple 172(f) (80.5 ng, 0.20 mml),
triethylamne (0.056 nm, 0.40 nmol)) the product of Exanple 19? (c) (97 ny)
0.30 nmmmol ) and di et hyl am nopyridine (6 ng, 0.05 nmol) in nethyl ene
chloride (1 m) was stirred at roamtenperature under argon for 15 21
hours. The reaction was concentrated16® vacuo and the {i ngﬁ %pgoégken up
in ethyl acetate, 10% potassium bisulfate, and water. The et aceate

| ayer was washed again with dilute potassium bisulfate, water (2x) and
brine, dried gpver sodiumsulfate and concentrated to an oil (179 nyg).
Chronatbgraphg)of the oil over silica gel using 15% and then 25% et hyl 20
acetate in methylene chloridg provided 122 ng of the desired product as an

oil. b) 278 1 venber 202 -O-CHZ O HOOCF3C -C-( CHZ ) s OOO
Treatnment of th GEe—fGoRTdart (a) (Z20 ngcof-chsé-anpdg, Mith 5
trifluoroaceti cidin hy” ne chlo e _acgording to the procedure
described in }%7-23-8 €p or de| 4 mg of the crude desired
product. c) O ~-OC-O=ICHZH(U)ON~3~-- N @HZ)ON'IO

Treat ment of the crude product from par t;4AD) Nlm\rrrh/l‘N\_/l\O-Qs'N— (CH3) 3

The product from part (a) (62 mg, 0.115 mmol) and the acid chloride
product from Example 32 (¢c) were dissolved in methviene chioride (1.2 ml).
5 Triethylamine (24 pl. 0.173 mmol) was added followed by
dimethylaminopyridine (3 mg. 0.023 mmol). After 12 hours. the reaction
mixture was concentrated and the crude product was purified bv silica gel

chromatography to give 65 mg of the desired product.

c)
/lNLH-HCl
HoN %N/,, _rcog ~CH--CH (CH3) 3
04'—'N\"/ N—C-—N—C(CH3)3
10 (homochiral)

The product from part (b) (65 mg, 0.087 mmol) was dissolved 1n 1,4-
dioxane (1.0 ml). 1IN HCI (87 pl, 0.087) was added followed by 10%

palladium on carbon catalyst (12 mg). A hydrogen atmosphere was
introduced via balloon. After 30 minutes of stirring at room temperature,

15 the reaction mixture was diluted with water: 1,4-dioxane (1:1, 4 ml) and
filtered. The filtrate was lyophilized to afford 47 mg of the desired
product. IR(KBr) 1788 cm-!.



di car bobenzyl oxy- S-net hyl i sot hi ourea according to the procedure in Exanple
172 step (i) gave 204 ng of crude product. Purification by chronmatography
over silica gel using nmethylene chloride: ethyl acetate (3:1) gave 79 ng of
the desired product as an oily residue. d) HC1 H ~ ~2 CO2Hn g ~I ~F--Cw-.
(CH2) O~/ 0O (diastereomer m xture? 15 Novenber 2002 The product from
step (c) (76 ng, 0.085 mmol) was hydr&yenat ed i n di oxemRioy8miber 2808 1. ON
HC (0.085 m) 0.@5 mmol) in the presence of 10% pal | adi um on car bon
catalyst (24 ng) at 1 atmasphere of aédrogen for 1 hour. After filtration
usi ng aqueous di oxane, the filtrate ntrated to renove di oxane.
filtered and |yophilized {jQ.gt¥ve 42 ng of the desi red proudct as a white
solid; (IR (I~r) 1784 ch.\ conS|st|ng hf) %gtur 6R. 38) of

di astereoners as det eHgNnedVby T 3 COOH HZN 10 a) O
~N-(C ( CHz ) 5~(racemate) 0 ~CT. i~ |0 ~~- /~oVa- ~_ CH3 O~C.2 GC
r H~~ H~ ~I3-CiCHz)~ C1'0O tir gLy%Lg]_%fctHh?e protected

di met hyl azetidinone from 15 Exafple 13 )\( 5% ny

tetrahydrofuran (3 nl) at -78C was addedpsodi um bi S{h rimet hyI Si I yI ) am de.
(IN in hexanes, 0.13 mml) and the sol ution was kept?RCLHTreL} enperat ure
for 30 mnute A solution of the product from Exanple 19?(c) (43 ng, 0.13
nmol ) in tetraﬂwdrofuran (1 mM) was added dropwi se and the resulting

m xture was warnmed to -20C. {20 After 1 hour, the reaction was quenched with

aqueous sat ur at ‘
! @_CHZ—O-C-N 02—(CH2)2—@
O
NH

1'!

J\ In,,
Q—comotyy ™

U ann
O/

5 Following the procedure of Example 72 part (a) but substituting (2-
iodoethyl)benzene for the 1-iodo-2-methylpropane, the desired compound

was obtained.

b)
]
@—CHZ—-O—C—N coz_(cﬁz)z_@
Lt —(
] "
N
H

u 0
N / N\ wo
— N N—C=N—C (CH
O/ \‘( A o (CH3) 3
0
10 The product from part (a) (86 mg, 0.0147 mmol) and the acid

chloride product from Example 32(c) (51 mg, 0.206 mmol) were reacted
according to the procedure of Example 72 part (b) to give 98 mg of the

desired product.

NHeHC1
HgNJL g/\//h,, CO;~ (CHy) :"@

0
i
o ——WN N-—C‘-N—-C(CH3)3

15 (homochiral)

c)

W



ammoni um chl oride (5 m) and extracted with ethyl acetate (2 x 5 ml). The
conbi ned organic | ayers were washed with brine and dried over 280 15
Novenber 2002 magnesium sulfate. Filtration, concentration and purification
by col unmm chromat ography (silica gel. 50% ethyl acetate m hexanes) afforded
79 ng of the desired product as a colorless oil. 5 b) CF3COOH CH3 HZN N "
CH3 Hh ~ (CHZ)5 G O (rarer”ale) To d74tirred solut|0q5qgog b&F oepet from
part ~a) ("r9 ng, U 11 mmol) in a mxture of ethanol (1 , water (0.5
m and eth~~l acetate (1.5 m) at 10 roomtenperature was added pal | adi um
on carbon catal yst (1096met 15 nmg). The resulting suspension was bubbl ed
wi th h~~drogen for hours and the reaction m xture was then filtered.

Concentration and pﬂh? Produet ffﬁ%?aﬁr(éb@ﬁaﬁlgv‘é 1?@@@?@@@@‘?&%3@ 250
5 Oto 1 te
m?t haﬁol m a/at g’rgfﬁa‘%dgé% ‘59%? e %?é%?cga‘é’éet |#CE(‘E§ % n?g?éi t@@@’ X 7t’ﬂ§r‘?(§?h? n

wat er and O. 1%1é§1fé‘dpwdqapqm KR©igpoakforded 42 ng of the desired product
as a white solid: (M+ H+ 485, In a simlar manner, follow ng the

procedures of Exanple 197 to 199, conpounds of formulas I, Il, and IV can
be prepared wherein Xi or Xz 20 is as |ISt€‘1d bel ow. 15 Novenber 2002 90z
OT - | Z HP ~-sii~l--, i -i~l~.~ otXample?d o 507 a~ 0 ~0Z Q - SczH-~- ~~
~~ 0Or
NH+CFCOOH
{homochiral)

H-N N/\//l" CO,H
2 N __r
At

Following the procedure of Example 34 but employving

cvclopentylmethanol in place of the cyclohexvlmethanol. the desired
10  product was obtained as a colorless glass. MS 453 3 (M+H)*. 451.4
M-H)"; IR(KBr) 1788 cm-!, 1665 cm-!.

Example 75

15 {(homochiral)

? O
(O)—ctimom eyt
CH,— N — C—NH,
—/

Trimethylsilyl isocyanate (3.8 ml, 3.22 g, 28 mmol) was added

a)

20 dropwise over 15 minutes to a solution of N-carbobenzyloxypiperazine (5.5



ECQZ o ( ZH>~ J s~J 0 ZoZof I So ~( ZH ~ ~~~ ~~~ ~ b 0oz

(ZHO>--,.iW-v OO0 ~'3 L8Z 282 15 Novenmber 2002 0 _Il_n g C ~N-CGi~(CHz)
~ 0207 ~J CH3 O~~ (Ci2); 20686 0c C~~ -r'(CH)=00209 !'""OT;~ ( Al _
i 220CH nnC-~1"1" CG~- ( CH ) ~ O211 10 15 Novenber 2002 283 \Wat
is clained is: 1. A conpound of the formulas 5 R3 Rz 2N CA1 R ra o °
X1 172 15 November 2002

g, 25 mmol) and diisopropylethylamine (9.6 ml, 7.1 g, 55 mmol) in
tetrahydrofuran (100 ml) at room temperature under an argon
atomsphere. The reaction was stirred overnight at room temperature. The
reaction was poured mto water and extracted with ethyl acetate. washed

5  with water and brine, and dried over sodium sulfate. The crude product
was purified by column chromatographyv eluting with 20% ethyl

acetate/hexane to give 3.1 g of the deswred product. MS (M+H)~ 264.

o)

ol e

b)
10

A muxture of the product from step (a) (3.96 g, 15 mmol) and
palladium on carbon catalyst (10%. 2 ¢) in methanol (100 ml) was stirred
under hydrogen atmosphere (hvdrogen balloon) at room temperature for
1.25 hours. Filtration and concentration of the reaction gave 2.0 of the

15  deswred product.

0 O
©os “
=ty O
<:>~—CH§—O-%-§J\§/\/""“
L — NH

Y
0) 0

A mixture of the carboxylic acid azetidinone product of Example 1(b)
20 (180 mg., 0.37 mmol), the product from step (b) (62 mg, 0.48 mmol),
diisopropylethylamine (84 pl, 0.48 mmol), ethyl-3-(dimethylamino)propy!l
carbodiimide, hydrochloride salt (92 mg, 0.48 mmol) and 1-hydroxy-7-
azabenzotriazole (65 mg, 0.48 mmol) in tetrahydrofuran (10 ml) was

heated at 60°C overnight. The mixture was diluted with methylene



INHHHHEN---CNH ((CH2 ) ~R1I M or HHRI3 H2N---CNH~CGH2 )t O~X
3 s 1~ 284 15 Novenber 2002 inclu;iir_; an inner salt theref~f, ox a
ph~~r~aceutically a,:ceptable seat thereof, or a hydroly ~abla ester

thereof, or a solvate thereof wh~;, r azn: Rz is hydrogen, ca~bo-~y,
al koxycar bonyl, As aryl, ( CH ) ;~, O- ¢c-N~o0 - C-R-, Rs, C ~
O-P~, (CHR) vllr ~( CH ) WO0176-2)~ .- C_ N ~15 NBvertl&H200n ~3 , 0

- C CHZ- O RLo-SO~,-R7, .g-CN9 A2-N9 O'R~ OP Rg Q-0OC-al 1-SO -
CNAz- N C-OR4 ( kY 2 R- 0 10 or Garyl-SOZ-R- ~ or Fmis alkyl

prfIV| ded that R4 is aryl and Rs is hydrogen; 284a 15 Novenber 2002 ', |
o 1. R 'chiomde,lwashed with watey duiet ovgf magngsiap sulfate~and ~~ " | ~
, I~ W

concentrated to give the crude product. Purification of the crude product by
flash column chromatography (silica, 5 - 10% methanol/methylene
chloride) gave 128 mg of the desired product as a white solid. MS 594.3

5 (M+H)" 592.3 (M-H)

d - 5

A m1xturé of the product from step (¢) (110 mg. 0.185 mmol). the
10 acid chloride from Example 56(a) (63 mg. 0.28 mmol).
diisopropyvlethylamine (96 ul). and 4-dimethylaminopyridine (18 mg) 1n
methylene chloride (4 ml) was stirred at room temperature for 18 hours.
The reaction was quenched by the additicn of saturated sodium chloride
solution and extracted with ethyl acetate (3 x 30 ml). The extracts were
13 combined. dried over magnesium sulfate. and concentrated. The crude
product was purified by flash chromatography (0 - 15%
methanol/methylene chloride) to give 114 mg of the desired product as a
white solid. MS 784.5 (M+H)*, 782.5 (M-H) ; IR (KBr) 1782 cm"!,
1732 cm-!, 1643 cm-!, 1586 cm-1.
20 e)

NHe 2HC1 ﬁ — 9

H2NJL§ A~ C—N  N—C—NH;
i /——\
SN "(}

0 H (homochiral)




or ' i i~~, -, ) ,, I /'~~~ 11l ~~~~ H, a_5" --'

"C-'.-7,-yce~ ~~C~'~ . J~i,rl~) yj r ~w. g 11~ ~L-,~~R-~0__~"
-1y anr _F'F~~Fa IIFFCO,~r.-.~-C.---C-4, ,- I~L Il -=";,,11
, ---Calky, S ~~ 110 or ~Cra~"'1-SOz-R7, Rz ar._d Rs are both by

drogen, or P~z is alkyl provided that Ra is 1-sydroge n, or Rs is ally.-yl
proy-ided that RZ is hsdrogen; (CH)®W® ~~CHz~~ o ~ h§ Novemberr2002 X, is

~~ - -~ " CcF7, ~~~ "H)wls5 28 ( CH ) o WIli ~~ R- C
N~1 a~(CH~nT ~R2 z'3 15 Novenber 2002 0 - CGaikyi -~QZ-R OO I
-Caryl-SCc-R~- -CGCH-0-R~~, 501i -S2°R; , -CGrilHS®2-R, 0 RO RO 0 O

RO Rs O ~ [ I ~~

A mixture of the product from step (d) (1.39 g, 1.77 mmol), IN HCl] -
(3.54 ml, 3.54 mmol) and palladium on carbon catalyst (10%, 750 mg) in
dioxane (30 ml) was stirred under a hydrogen atomsphere (hydrogen
balloon) at room temperature for 3.5 hours. Analytical HPLC indicated
5 completion of the reaction. The reaction mixture was filtered through a
Celite® cake and lyophilized to give 1.01 g as a white solid. MS 260.6
(M+2H)2*; 1R 1780 cm-!, 1632 cm-.



CNA NCR, " or " NAZT~ CGCORg; -(CH)p- "(CHz)r A~ij ( CH ) ~I ,
(CHZ ) g -N.ir. (CH2) r Ro" ~\ ( CH2 ) V- , ~(~2)t N~ (CH)u- ; R4 and
R~ are independently selected from hydrogen, alkyl, 10 15 substituted

al kyl, cycl oal kyl, substituted cycl oal kyl, Az-cycl oal kyl, Azsubstituted
cycl oal kyl') aryl, substituted aryl, Aa-aryl, A~~-substituted aryl,

aryl -As-aryl, Az-aryl-As-aryl, heteroa@yl, A2-heteroar oal kyl ,
A2het erocycl oal kyl , aryl - As-cycl oal kyl, Aa-aryl -As- cycﬁoapgéhﬁbpgmt

aryl - Aahet eroaryl, aryl-As-heterocycl oal kyl, Az-aryl-As-heteroaryl,
A~-aryl - Ashet erocy cl oal kyl, cycl oal kyl -As-aryl, A2-cycl oal kyl - As-aryl,
cycl oal kyl _Ascycl oal kyl, Aa-cycl oal kyl - As-cycl oal kyl ,

cycl oal kyl - Aa- het er oaryl , cycl oal kyl - As- het er oaryl ,

cycl oal kyl - Aa- het er ocycl oaT_E y | and AZ-cycl oal kyl As- het erocycl oal kyl ; 286
15 Novenber 2002 Rs is hyds geriy al kyl, sulistituted al kyl, cycloal kyI
substituted cycl oal kyl, Az=tycl*dal kyl, Aa-substituted eycl oal kyl, ar yI ,
substituted aryl, Az- aryI Az-substi t ut ed ary |, aryl-A3-aryl,

Az-aryl - Aa-aryl. heteroar ~‘l‘1 , A2het eroaryl. heterocycl oal kyl,

Az- het erocycl oal kyl ) aryl - - cycl oal kyl, Azaryl-As-cycl oal ky 1,

aryl - As-heteroar~l. :~z-ar §/I - —93\5- het er oary& aryl - Aahgg er ocycl oal kyl ,

Az- aryl - Aa- het er ocycl oal kyE CaE boxy, al koxycar bonyl , _@ O N

aryl o~. -~carbonyl, - GN- 8i~s 8R5 al kox~cag bonyl am no.g

aryl oxycar bonyi am no. ar ~l §ar bogﬂyl amo. "10 3 N( ali;~-1) (Eo'al koxycar bonyi ),
-N(al hyl >(ar ~-1 ol ~~car boy1¥! al¥: |czrbon~ 4an’m)

-N(al k~-1) (al kyl carbonyl)) or -N(al k3-i)tar~~i carbonyl ), mis an integer

fromltoo isO S NR~ NSXZ-R, 0::-C::=-R- 15 20 fi
[v--CL--A3' G ---R~ Isr-C—GA~-I§’ P,r-~A3-C-R7 . _, nl i:-C?~i\-R4
NCt; :v-CGR. U, ~ ./ ,= ’\:Q 0~0NGCG VWNCGCH2-OR-, NG -~
-CGp-R7, 0 hl ~ 101 | % — 1 :

— >2’ ~
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—COoH

X
H,NT NN
}
0
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._C—-

CH,
CH;

CH(CHj3) 2
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C(CH3)3
H EH3
CH;

- (CHy) z-N——C—'O"fH—CH (CH3) >

- (CHp) 3-N—C
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3
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The following additional compounds of formula IV were also prepared:
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C
|
N
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or v CGC NON G C-R-, R7 is alkyl, substituted al kyl, cycl oal kyl,
substituted cycloal kyl, Az cycloal kyl, Az-substituted cycloal kyl, aryl,
substituted aryl, A2-aryl, A2 28~ 15 Novenber 2002 substituted aryl,

het eroaryl, Az-heteroaryl, heterocycloal kyl, Azheterocycloallryl,
aryl - Aa-aryl, Az-aryl-Aa-aryl. aryl :~-cycloal kyl, Az-aryl Aa-cycl oal kyl,
aryl :Aa-heteroary 1, Az-aryl-Aa-hetetpdryl, aryl-Aahe I ,
Az-aryl - As- het erocycl oal kyl, aryl :~z-substituted aryl?gkgﬁéﬁhﬁﬁZBbb

aryl - Aa-substitued aryl, aryl :~a-substituted cycloal k~~I, Az-aryl-Aa
substituted cycl oal kyl, cycl oal kyl - As-cycl oal kyl ,

Az-cycl oal kyl - As-cycl oal kyl . cycl oal kyl -As-aryl. Az-cycl oal kyl -As-aryl,
cycl oal kyl - A z&heteroaryl, Azcycl oal kyl :~s-heteroaryl,

cycl oal kyl - As- ket erocycl oal kyl . Az-cycl gal kyl - Aahet er ocycl oal kyl .

cycl oal kyl : Aaggubstituted Q&cloalk~~l.gpz-cycloalkyl-Aa 10 substituted
cycl oal kyl . cycl oal kyl - Aa-substituted aryl. Aa-cycloal kyl-Aa substituted
aryl, substituted c~cloal kyl :-~a-c~-cloalk~-1. A-a-substituted

cycl oal kyl - Aa-gycl oal kyl . substituted c¥cl oal kyl - A~: -substituted
cycl oal kyl . Azg$ubstituted %ycloalkyI-Ag-substituted cycl oal k~~I .
substituted cy@l oal kyl Aa-ary , Az-substgtuted cycl oal kyl - Aa-ary 1)
substituted cy8|oal kyl :~laSl5 heteroargl . A~-substituted

cycl oal kyl - A: ~&het er oar~~l g substituted cycl oal kyl Aa-heterocycloal ky 1,
Az-substi tut edgeycl oal kyl : €a- heter ocy=ml oal kyl, substituted

cycl oal kyl - Aa-substituted aryl. A~~-s~zBstituted cycl oal kyl - Aasubsti t ut ed
art1l, heteroaryl-Aa-heteroaryl. Az-heteroaryl :~a-heteroaryl,

het er oaryl - Aa- cyci oal ky 1. -heteroar&f-A,i-c~~cloalk~-1, het er oaryl - As 20
substituted cygFoaIk~-1, Azzhet eroaryl -2a-substituted cycl oal kyl, heteroary

1 A3-aryl, Az-Heteroaryl-Aacaryl, heteroaryl :~a-heterocycioal kyl,

Azhet er oar yl - A8- het erocycl oal kyl , heteroayyl - Aa-substituted aryl,

Azhet eroaryl - As-substituted aryl, heterotycl oal kyl - Aa- het er ocycl oal kyl ,
Azhet er ocycl oal kyl - Aa- het er é&&ycl oal kyl , t erocycl oal kyl - Aa-cycl oal kyl, Az
25 het erocycl oal kyl - Aa-cycl dal kyl, hetergcycl oal kyl :~-subsut uted

cycl oal kyl, Az-heterocycl%ﬁﬁkyl : As- subski tuted cycl oal kyl ,

het erocycl oal kyl - Aa-aryl, Azfeterocycl oalkyl - Aa-aryl,

het erocycl oal kyl - As-substituyted aryl, Azheterocycl oal kyl - Aa-substituted
aryl, heterocycl oal kyl : Aa-tteroaryl, AZheterocycloaklyl-Aa-heteroaryi,
substituted aryl-Aa-substit d aryl, Azz 288 15 Novenber 2002 substituted
aryl -As-substituted aryl)_suybstituted ary - As-cycl oal kyl , Azsubstituted
aryI-Aa-cycIogakyl, subst?fq{ed aryl - Aa-substituted cycl oal kyl)
Az-substituted aryl - A3-substituted cycloﬁlkyl, substituted aryl-As-aryl)
Azsubstituted aryl-As-aryl, substituté&F@ryl aAs-heteroaryl, Az-substituted
5 aryl - As-heteroaryl, substituted aryI-Aé-heterocycIoaIkyI, Az-substituted
aryl - A3- heterocycl oaikyl, /R4 ~Ra A2 or Rs n and o are one or two provided
that the sumof n plus ois tw or 10 fhree. v and w are one, two, or three
provi ded that the sumof Vsplus wis three) four, or five. Ra is hydrogen,
hal 0) am no) - NH(I| ower aIE&I)g -N(lowdr a kyl)z, vitro, alkyl) substituted
al kyl, al koxy, hydroxy) a"lgisubstityﬁed;aryl, Az-aryl, Az15 substituted
aryl) aryl-As-aryl, Az-aryl-Bs-aryl, ?ycﬁoalkyl, substituted cycl oal kyl,
Az-cycl oal kyl , ~Ax-substi tuted cycl oakkyk, heteroaryl, Azheteroaryl,

het er ocycl oal kyl) Az-heteﬁ66§bloalkyI?‘aPyI-As-cycloalkyl,
Azaryi - As-cycl oal kyl ) aryR- Aa- het eroapyl) Aa-aryl - As-heteroaryl,
aryI-AsheterocycIoaIkylo=éx Az-arylogé-heterocycloalkyI. 20 Bi, Bz and Ba
are each CH, or two of Bi,| Bz and Bs Ere CH and the other is N, or one of
Bi) B2 and Ba is CH and ot her t re N Rs is hydrogen or |ower alkyl.
Rio is alkyl, substitutled al kyl, adkylto-alkyl, al kyl - G- al kyl - O-al kyl)
cycl oal kyl, substituted oal kyl , ycl oal kyl , Ax-substituted

cycloal kyl) 25 aryl) substlituted aryl) As-aryl) Az-substituted aryl,
aryl-Aa-aryl);fa-aryl-ﬁ§=éﬂyl, het@F%?ryl) Az- heteroaryl, heterocycl oal kyl,
Az-heterocycloélkyl, aryl

] 2 3



289 15 Novenber 2002 As-cycl oal kyl) Az-aryl ,~s-cycl oal kyl .

aryl :-heteroaryl, Az-aryl-Asheteroaryl, aryl-As-heterocycloal kyl or

Az-aryl - Aa- heterocyl oal kyl . Rzo is al kyl, substituted al kyl) cycl oal kyl,
substituted cycl oal kyl, Azcycl oal kyl, Az-substituted cycloal kyl. Az-aryl,
or Az-substituted aryl. 5 Rzi and Rzz are |Independently selected from

hydr ogen, al kyl) substituted al kyl, cyz¥oal kyl, subst|1y§&ge@mg 9abky! .
Az-cycl oal kyl, Azsubstituted cycl oal kyl. 3z- aryI and A~~-substituted aryI
pis an integer from2 to 6; g is an integer from1l to 6; 10 f is an
integer from3 to 5. r is zero) one or two; s is one or two: t is one, two,
three or four; ais one) two or three; 15 Az is an al kylene or a
substitut ed=hl kyl ene bridge of 1 to IO carbons, an al kenyl or substituted
al keny | br¥¢gge of 2 to &0 carbons haVIE? one or nore doubl e bonds, or an
al kynyl or &pbstituted ajkynyl bridge ot=2 to 10 carbons having one or nore
triple bonds: As is a bond, an al kyl ene “or a substituted al kyl ene bridge of
| to 10 20 garbons, an aIkenyI or substituted al kenyl bridge of 2 to 10 .
carbons havgng one or nore doubl e bonds, an al kynyl or substituted al kynyl
bridge of 2gfo 10 carbon& haV|ng one or _pore triple bonds,

~(CH2)d"' p. g CH2) e -(CHZI:a ~(CHZ)e --( H2 ) d' ~~~T"~ ( cH2 ) a~( CHR)

~N-C'"_~ gICH ) a R21—'R21 R22 ( CH2 )—n CN-- (CHR) a-(CH2)
cr'N' '~ glCH2 ) a' E 25 R21 R22 R2]2 -(CH2) d-CG'(CH2) e- pr -(CH2)
c~"~j"Cw (CH2) eg821 15 Novenbew~2002 (CH2 ) d OGCN- ( CH2 ) a
- ( CH2 ) c~~-C— - (CcH2 ) e-. ' R2 RS 5 10 15 d and a are i ndependent |y
selected fromzero and an integer froml to 6; ~(CH2)mXZis _~ IN _J Rs
290 Il ~(GHR)v~ -u- C—.,BNI , ~( CH2 2w (CH2)o B1\
. = =
'EI 2 =
w Aam —
= z
o=d )
= Q U=0
Ih-<
2
_ O=i) O=QIJ
=l l l

CH(CH;3)
CH(CHa)

0
]
)
fl

N\
—C—N N——-C—-O-—(I:H—CH(CH3)2

C—N  N—C—O0—CH—CH(CH;)
il S —yuTLaT 372
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0
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~i/ ~1R- GCG--- N~1 a$2 ~(CH ) n B3 O-0C-CH2-0-Rlo -~CGNHSO -R
"-Oalkyl-S02-R" 2 7 7 -CarYl--S02-R~- -C.-NA2 NC-R~, -CNA2-N CORq
>>00nii - GR- provided that - CGR~ is other than aikyl carbonyl,

pha. ~yl car bonyl , substituted phenyl carbonyl, naphthyl carbonyl, substituted
napht hyl car bonyl , phenyl am nocar bonyl, substituted phenyl am nocarbonyl,
napt ht hyl am nocaxbonyl, or substituted78 291 15 Novenbes nglén

napht hyl am nocar bonyl, or -S02-R; provided that -S02R; qz|55 ot het?ert%OaOr?

al kyl sul fonyl ) phenyl sul fonyl, substituted phenyl sul fonyl, naphthyl sul f onyl
or substituted naphthyl sul fonyl; Zs is phenyl am nocarbonyl, substituted
phenyl anmocarnbonyl, 5 10 i 5 napht hyl ammocar bonyl, substituted

napht hyl am f®jcar bonyl . al kyl car bonyl, phenyl carbonyl, substituted

phenyl car bo’fl , napht hytzcar bonyl , substituted gapthyl carbonyl,
al kyl sul fon§. phenyl sudf onyl, subsiituted pheflyl sul f on~-1,
napht hyl sul fonyl, or substituted naphthylsulfonyl; and O ~~Ci?),,~ R~ s is
~1C ((/ I~ CHz ) w~CHz)o B~ Re - G N~Bz (CHZ)h B3 OO Il ' .
-~ CHz-~-RZ@|, ~C'~~~Ws~~-1"~i Rc ~9 i OR~no O-C arYi.-S02 R~
-CN="-_8CGRY, -CHi:~N ICfRg OOa n.a.-C-~' provided that -CGR~ is
ot her than élenyl am noc_@r bonyl , _ch =
g g g E
3 g £ =
E £ S 5
= as
S S T
Q Q &
© < ) o
7] vt ) o)
o) L
o 5
. 5O
] (J _
- O==0 . -
&2 i o= O=0
\5- : E:_“, ~N :L:‘: o~
o o] D oo ’:, E -
1S 08 7 &
55 58 58
o b S
O""l) 0-‘-(-]) O=(')
) O=(|J O=c|) O=(l)
>l I [ !
&l 2 3 3



substi tuted phenyl am nocar bonyl, napht hyl am nocarbonyl, substituted

napht hyl am nocar bonyl, carboxynet hyl am nocar bonyl, or

al koxycar bonyl net hyl am nocar bonyl, -SOz-R provided that -SCaR~ i s other
t han al kyl sul fonyl, phenyl sul fonyl, substituted phenyl sul fonyl, 292 15
Novenber 2002 O ii naphthyl sul fonyl or substituted naphthyl sul fonyl, or
~""'-0'-R~ On provided that - O O1R9 is other than 4 NQV%B§f9W| or
r-- (CH2)m~0O -~-~T-~~ provided that if mis 1, 2 or 3 than Rs iIs ot her
than Ro hydrogen, carbo:ry) al koxycarbonyl or aryloxycarbonyl. 5 2. A
compound of daiml (I~ HHN GCGNH ( CH ) g, RR N0 X 2 including an
i nner salt or pharmaceutical Iy acceptable salt thereof 10 wherein: q is

3; 00~0-CGH R6 --C~NH--C~YR is carboxy, , , Oll or -C
~-(substitutedfalkyl) O-"" £Xz is ~~2".C~ ( CH2 ) 2-N-CORS ~ or 15
C~(CHR) 2---CR4 . OO0®Rs is am neearbonyl, - G~ ( alkyl ) ~ or -
C-N ( al kyl )5; qYis NR-, ~CA3-'"R~-, NCGA3-0---R~ 293 g q ii
g g g
: : :
3 S S
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N- G- a- A3- R~ |
definition of

substituted cycl oal kyl .

NCA-C.c ~or Ne- VNFR4 15
~ and 1z is al kyl, cycl oal kyl,
or heteroan 1; R~ is

al kyl . substituted cycloal kyl. ~ RO ~R ;

a-aryl. -(CH); ~o ~-ai-~~1:~~-aryl. R= . or

1 kyl ), ol. -N( alkyl ) 2 ; Rs is 18Qyer aIkyI
| ene bridge of Zto 6 carbons, - ( CHZ ) ~ N

p-(CHZ) e- ;

from1l to 6; and Rzi

~H C ( CHB
NO ~ ~/N-0

3~-00, 20
N IH H2N-N ~/ ~',
= 2
=1 o]
=
.2
g e
= .=
g £
[+3] Q
3 g
® =
= :
@« :
z
(@)
&)
!
g2
ol
1<)
o o]
@ Q
'm
(l)-_.
£ 9
@] ?=
O=0
|
E:J
O=L’J
o3 |
&l o

i s hydrogen or

CH (CH3) ,

0

HO

O
o]
Sy

homochiral

—CO3H

0O
i

0
I

A\
~C—N  N—C-N(CzHs),

89

2002 Ra in the
substituted al kyl,
al kyl) cycl oal kyl .
-Nw _CH~-vy .
~Ra - N ~R5is annD

[
az) N
d and a are independently selected fromzero and an |nteger
| ower alley 1. 15 3. A conpound of

Claim2 including an inner salt or a pharmaceutically acceptable salt

t hereof selected fromthe group consisting of NIIH HZN~ H'/ n,
294 15 Novenber
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substituted
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H2Nn ~ CHON-CGN O,,
z-N- C ~3 CH3 10

~r3-- G O i
CH /

~rT~O C( CH3) 3y CH. CH3 CH3 CH3 ( CHz )
296 15 Novenber 2002 NI'H H2ZN-N~/i~,) COH H 0 O ~ C~
H CHz-CH ( CH3 ) O CHz- CH ( CH3 ) ~ NH HzN~N~/ ~~
* '~ 101 yCH3 O~ G N ~,s-- CIl ~ CH3 O CH:

CoHHOI ~ 11 Ol~r.~~1,~'C CH"G -i H CH(CH3

HZN~N~/~. GNHCHz-CGNHz . HO N-~, /N ~T_r

z; and NH COZH H zN ~/~ " N

The compound of Caim3 N IAS

., COzZH H
| vloFi HzZN=N. ~i | , .
i per48%33) 2 NH 0 0
r A5NRYCH(CH3) 2 a I |
| CH2 ) 00 10
N-N~/ i ~, ,

I
0 CH( CH3)
297 15 Novenber 2002 4.
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~y'~~N G (CH | ; O~ ~ HOsalt or a pharmaceutically acceptable salt
thereof. 5 5. The conpound of daim3 NH/i.,, CO-HHNHH ( !--,~ N
----(\ ONO including an inner including an inner salt or a
pharmaceutically acceptable salt thereof. 6. The conpound of Claim3 10 O

"1 1 ~o HNN~~~"" CN~C?~1H 2 HHO ~C VN~--CO;HCHCH)~ OO
CH( CH3 ) z ; or a pharmaceutically E8Zeptable salt t %
compound of daim3 HN-N~~~'"" CU2 HONN C h?éﬁﬁ n&&gZ@hg OC ~

| O CH(CH3)2 or 15 a pharmaceutically acceptabl e salt t her eof . 298 8. The
conpound of Claim3 15 Novenber 2002 0 H2N-N~/~~,) CGNON-CGNH2 HI » N O ~
C~ N or a pharmaceutically acceptable salt thereof.
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5 9. The compound of daim3 10 NH CO-H H2ZN NH~ ~~, . --N/ NN C-- ( CH

2), oy 0 or a pharmaceutically acceptable salt thereof. 10. ~ compound
of daiml . NH2) t HZN ,.~Iv HHCCHZ) aRLI 0 ~X 1 including an
inner salt or pharnaceutically acceptable salt thereof wherein: 0 0 ~ o -
C N 1-R6 - G IQ.NH- G~Y R is carboxy, ~,~ , , 150 a or
-C- NH (substituted al kyl). 299 15 MNBdenber 2002 R Q15@NemberR00> ~---~
" CN-( CHZ) 2-N-C.-0R4 , or —-CN- ( CH) ~--N,_,CR4 . t is tw or
three; ais one; 50011 R6 is amocarbonyl, """ C~ ( alkyl ) , or - CGN(
alkyl ) 2 ; 0Yis NRa, ~C-A3-R~-, NCA -0-R- 10 15
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I 1l N-"CGCO-A--R~. |~ GCGA3-CG--R~or g NG ~I~~-RQ Ra in the
definition of Y and ~z is al kyl, cycloal kyl, substituted alkyl, R4 i --N ~
R5 is amno, -~ ( alkyl ) or -N ( alkyl ) 2 > > substituted cycl oal kyl, or
heteroaryl; R~ is alkyl, cycloal kyl, substituted alkj-1, substituted
cycloal kyl, ~RQ RQ -N -CHz-N~ aryl -(CHz)tcoa-arvl,
-(CHz)icoa-aryl-As-aryl, R5 , or R5 ;18% is |ower alkylg I d) an
al kyl ene bridge of 1 to 6 carbons, -(CH2) d I13-(CH2) g%P@?Fh§Fﬁ2@99
-(CHz)d-~""(CHz)e- ; d and a are independently selected fromzero and an
integer froml to 6; and 300 R 2~ is hydrogen or |ower alkyl. 15 Novenber
2002 11. The conpound of Claim 10 including an inner salt or a
pharmaceutical |y acceptable salt thereof of the fornula 5vy,,) CO2ZH N O N
~ONTi2 NGO i HCH(CH3) z CHCH3)2 O12. The conpund of

Claim 10 ing an inneg salt or a pha*naceutlcally acceptabl e salt
t her eof of e formula i® CO2H .. O ~N-m-~~CL-.--( CHZ) 0o ~~~ ~J NHa 0 13.
. ~ conmpound of the fornul as
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INH R3 R2 2N G- A1 R1 N~ O X1 15 Novenber 2002 301 HH H2i~ C -~)H (
CH2 ) ~ RLl' N\ Oincluding an inner salt then eof, or a pharmaceutically
acceptabl e salt thereof, or a hydrolyzable ester thereof, or a solvate
thereof wherein: Al, R, R', R2, R3 and q are as defined in Caiml; O
-C--r~r~--c- R25 Xl and X2 are ; and RZS is a spacer termnating in a

| i pophilic group. 14. A conpound of @igg m 13 wherein F]-52[qoq,§m§§,l g@@gd from

the group -(CH2) 5 ~ , ~~CHZ) consisting of ~~(CHz) ~, --(cH2) CH3
302 -O ( CH, -0-~cH2) 3 O"'.""i (~H2? 3 O CHg - (cH2T4 O, 15 Noverrber
2002 "N~(CH2) 3 O, ' - ( CHZ) 3 -l~~F--- ( CHz) O - NH-(CHZ) 2 CH3

O(CHz)~ O0O5 and 15. A compund of C aim 14 whereln --(CH2)5 R 25 1S 10

16. A pharmafeutical conposition useful for treating and/or preventing
medi cal con'ﬂ tions in a nammllan species related to tryptase, thronbin,
trypsm FacEDr Vi a, Eact or Vllaw or urokinage-type pRasm nogen activator
conpri si ng ‘an ef fecti¥e amount Bf a conpoun@d of Claim1 including an inner
salt or a pggr maceutically acceptable salt 15 thereof) a hydrolyzable ester
t hereof, orxp solvate thereof and one or nore pharnmaceutically acceptable
carriers. % _ _
2 £ = E E
%) o) _.= = -
g 2 g E E
= g = £ =
= Q S a =
w = = = =
o = =
- T = =
« = = =
44} — — —
|
Q=0
= T, = (\j T
N =z ~N
© o } Q
O o OoO=0 &)
! ! | !
(:“ g
_( =
= Y ol
. X
= .5 o
¢ T i
| 2
Oo=0 ’
£ =4 O:(])
™ oo
EZJ E ] 5—= &
l < 1
O=(l) O=U o)
| I S
jae] j
o—= l
=0 Oo=0
») ! ]
o0} [=p]
é| =] o S -
— = — i



17. A pharmaceutical conposition useful for treating or preventing asthm
or allergic rhinitis conprising an effective anount of a 20 conpound of
Claim1 including an inner salt or a pharmaceutically 15 Novenber 2002
303 acceptable salt thereof, a hydrolyzable ester ther~:of, ur a solvate
t hereof and one ox rnoxe p~saxmace~xtically acceptable carriers. 13. A
phar mace~xtical conposition usaful fa8Zreating chronifs Rel/EMABefQODRI Si NG
an effective anount of a conpound of Claim 3 including an inner salt or a
pharmaceutically acceptable salt thereof an :1 fine or nore
pharmaceutically acceptable carriers, said conposition being adapted for

i nhal ation adm nistration to the bronchioles. 10 ~9) The conposition of
Claim QL8 #xherein the active agent is of the fornula rrH H2~1~N\"">>r. ",

CO2H O 1 eﬁE' o~rr - ~1- ( cH3 i, 3 0 0 including an inner salt or a
phar maceut igally accept abl e salt;thereof. 2 fl. A tbnpound & the foxnul a
NPl Il COZ7ZHI - GN- ( CH) gP1 HOX 2 her&éin Xz and q are as

defined in GJaim1;, Pi is an N-protecting group; and Z is benzyl or

> .
benzhydryl .& 304 15 Novenber 2002 21. A process for preparing the
conpounds the formula NHI1 CG2H H2ZN CGN- ( CH2 ) g HI O~X 2
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including an inner salt or pharmaceutically acceptable salt thereof 5
wherein X~ and q are as defined in Claim1l) which conprises: a) reacting
t he conpound of the formula N Pl Il CO2ZHHN G N ( CH2 ) gl HI P1 NHO
wherein Pi is an N-protecting group with an al cohol of the formula HO Z 10
or with a brom de or iodide of the fornula Br-Z or I-Z wherein Zis a
protecting group selected frombenzyl188 benzhydryl lﬁﬁ&’ rnweb cyppound of
the formula NPl "1 C02 ZHN CGN- (CH2) gl Hpl 8 ) reacting
the product tomstep (a) with an acid chloride selected r--(CH2)m O C1- CN
| fromCl C—R~ ~ R6 305 ~(CH2)v~ 0 C1-CN ~ c cH2 )J , 15 Novenber Z002
~(C|—|2)o |1 QFZ (CH2)n H3 O O C1-CCHZ-0-Ri o Cl1-C NH S02-R~ R9 cl
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50 00d-SOz-R~ ~ Cl1-Cal kyl -S02-R~ ~ or Cl-C-aryl-S02-R~ ~ or reacting
wth O- SOZ-R~ to give the conmpound of the formula N P1 C02Z HN- CN - (
CH2 ) gPLHI NO-~X 10 wherein R4, Rs, R7, Rs, Rs, Ro, v, w, 0o, n, m
Bi, Bz, Bs, and Az are as defined in Claim1; c) treating the product from
step (b) to renove the Z protecting group and the P1 N-protecting groups to
give the desired conpounds. 2 2 . Theiggocess of U ai Mm2if,emperepapi ng the
conmpound of the 15 formula N'H H2N~H~/i,,~. COZHON.,, . ~N L N C (
CH3 ) 3 OCHOor an inner salt or pharnaceutically acceptable salt

t hereof w hich conpri ses: 306 15 Novenber 2002 a) reacting the conpound
of the formula O CHz- 0- &GNO ~N~/~i,) CO2ZHCH2- 0. C_ NHHO with benzyl
brom de in tye presence of scdium bicarbonate and tetrabutyl ammoni um i odi de
to give thedenzyl ester of the formula O Il CHZ- 0- &GN O ~N~/ G, .
CO2CH2_" ~ - 0. CSNHH5 Ob)@reacting the Yenzyl ester gr oduct from
step (a) W t he carfbanmoyl chlor¥de of the formula o ~ o C=C

~d-CGH "' C(CI}}-B)S IO to give the azetidinone of the fornula
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0 CH2- 0- G N QQ2CH2---~ OGN "NOCH- HHI /-"~11 V-CNYi-C(CH3)3 O
0 and c) treating the product fromstep (b) with hydrogen in the presence
of pall adium on carbon catalyst to renove the benzyl ester and 15

benzyl oxycar bonyl N-protecting groups and give the desired conmpound. 307
15 Novenber 2002 J2 3 . A conpound of the formula NP1 H2I~ G- i .- ( CH2
) g C02 ' CH2 pi O x2. wherein: q anti9X~ are as defin and 5
Pi is an N-protecting group. 2 4 _ The conpound of O a?%]wgﬂvﬁer@eolbrzl gis
3 N~oXlis-C ~NC H C(CH) 3; and ~OPi is -Gp-CH V 10 2
5 ~ A conpound of the formula NP1 H2N- G N_ ~ CH2 ) g CO02- CHZ O wherein
froml to 6; and 15 P1 is an N-protecting group. 2 6 The

g is an integery
conmpound ofCIé-ijSV\hereln gis 3; and OPi is -c-0-CH2
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308 15 Novenber 2002 A process for preparing the conpounds of the fornula H
HH2N CGNH (CH2 ) g COOCH N O "X. or an inner salt or pharmaceutically
acceptabl e salt thereof wherein q and 5 X,; are as defined in Claim1 which
conprises a) reacting the azetidinone of the fornmula CO2H Cl1- (CH2) g N_P3
O wherein Ps is a silyl protecting group wth benzylchloroformate in the
presence of triethylam ne and di met hylleim nopyri di ne t | onpound
of the fornmula C02- CH2 C1- ( CH2 ) g NP3 0 h) treaﬁi%‘éafe%@a%%%g?/ ester
product fromstep (a) with sodiumiodide to give the conpound of the
formula C02,- CH2 |- ( CH2 ) g NP3 0 15 c) reacting the iodo product from
step ()~) with the diprotected guanidine of the formula NPl Pl-N-- C'" ~2
H 15 Nov er 2002 to give the azetidinone conpound of the formula N-PI
C02-CH H2 C N (CH2) qg p2 | NP3 Owherein Pi is an N-protecting
group; 5 d)Xfreacting the aztetidingne product fremstep (c) with amoni um
fluoride t ive thewazetidinone o the formulaZNN-(CH ) COz-CH2 V H2N-- C
(2qgP O
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e) reacting the azetidi none product of (d) with an acid chloride 10 15 O
selected fromCl-CG R~ ~(CH2?v~ OCl- G N( CH2 ) w, 309 ~(CH2)m O C1-
C--NR6 (CH2) oBl Lt / ~¥1 RCI-CGC N/B~CHZ)n B3 OOIl d-CCHZ-OR a
Cl-C-NHS02-R~, 19 OCL-CGNA2-NC R4 C1-Calkyl S02-R~-, , O4is Rg O
Cl-Caryl-S02-R~ C1-CGN-A2-NNCORS, , ox Cl1""s02-R~, or reacting with
O-"-s02-R~ Wherein R~, Rs, m v, w, Y|92) n, B>, Bz, o, R~
and Az are as defined in Claiml to give the conpound §$N9§§n¥%$gg a 310
15 Novenber 2002 Il~p~" CO02-CH2 H2D1- C' i " ( CH2 ) gl O .Xz ._ ; and f)

treating the benzyl ester product fromstep (e) to remove the ben2yl and Pl
5 28. The process of Claim

protecting groups and give the desired products.
27 for prepagli ng the conpound of the fornmula N'H H2ZN~H ~i,,~, C02H O O ~C.
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0 10 or an inner salt or phramaceutically acceptable salt thereof which
conprises a) reacting the azetidi none of the formula Cl~~"'~. CO2H' CH3 O
~Si.-- C( CH3 ) 3 CH3 15 with benzylchlorofornate in the presence of
triethylam ne and di net hyl am n. opyridine to give the conpound of the
formula cl~"""~ Q02CH2r"O ~IH3 Oii-C(CH3)s CH3 311 15 Novenber 2002 b)
treating the berayl ester product from3tep (a) W th ngqué% ‘r@@OQO giv a
t he conpound of the formula I/ r~,, r_02Ch~ i G:3
c) reacting the iodo product fromstep (b) wlth t he d| protected 5 guanl di ne
of the formula 0 ON,CGOCH CHZ- 0- Ic-N ~ NHa Hto give the azetidi none

of theformJIa0~CH~-OC-Nr,,,,) COzZCH~~ Il O~/ H2N-N CF3 N~; i _.C tCH)
3-O0CH--~11 Za CH3 O10 d) teacting the azeti~iinone product from step
(c) with amoniumfluoride to gmye the azetidinone of the formula O CO2CH~

CH2-- D &GNr~,,,, FiZN- Td O ZINH - 0-€CH --~Q- o

= c N

Ny Yol

g = -

@ = =z

g g Z

2 = =

2 3 g

%) - flon)

i
2.0 11¢]

iy
- ™1 E
w, a |
_|2 C=0
Y |
zZ
o) ]
oy =
N3
2T 8 O:LI)
%:( e i |
b4
o
ja o

0
I

I

C N C—N-—C (CH;) |
- - U— N 3/3
131 I\—/
/7~ \
~C——N N

The following additional compounds of formula IV were also prepared
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Oe) treating the azetidinone product a step (d) with the earbanoyl

chl ori de 31 2 15 Novenber 2002 o0 ~ 0 C1-C ~NCH'C(CH3)3 to give the
azetidinone of the formula O 11 CH2- 0-C~ vy..) Q2CH2~ N N O N ~ N N
C NC(CHB) 3-0-CHR2--~0~/ HOand>5 f) treating the azetidi none
product of step (e) with hydrogen in the presence of palladi umon carbon
catalyst to renove the benzyl and bem@#l oxycarbonyl pHetNGidmiBerdZdops and
give the desired product. 29 . A process for preparing the azetidi none
conpounds of the 10 fornmula Il PI COzHHN C H' ( CH2 ) g Pi NH O or an
am ne salt thereof wherein P1 is an N-protecting graup and q is an integer
froml to 6 whigch conprises: a) reacting the diprotected am ne of the

formula pl ~ 15 P1/ with the al kyldi halide of the fornula d -(CHa)Qg-|
to give the chtpro conpognd of the formula P1 /N-(CHZ)g Cl. P1 313 15
Novenber 2002 treating the chl orasproduct tomstep (a) with sodium

iodide in the optional presence of base to give the iodo conpound of the

formul a >
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Pl~rN- ( CH ) gl Pl . c) reacting the iodo product fromstep (b) with
the siiyl protected 5 azetidinone of the fornula CO2H N P3 0 wherein Ps is
a silyl protecting group to give after renoval of the Ps protecting group
the azetidinone of the formula P1 ~ COzH /N-(CH2)g Pi | NH O 10 which may
optionally be isolated as an inner salt; and d) treating the azetidi none
product fromstep (c) to renove the PAbprotecti ng groypcvieshtiera®002ng t he
resul ting conpound with the diprotected guanylating agent of the formula I
Pl P1- H CL 15 wherein L is a | eavi Rgagqpleprgauch as nethylthio or
pyrazolyi to give the desired conpound which nmay optionally be isolated as
an am ne salt. 314 15 Novenber 2002 3 _0,. The process of Caim?29 for
preparing the azetidi none congggg& of the formula ~--CH2- C CAN ~N~i,, ~.
CZH CHI - O G NHHIv..H QJor an am ne |t thereof which conprises: 5

a) reacting the diprotect egNam xe of N oyl a 0 11 (H3Q) 3" GO CNH 2
with the al kydi halide of the fofmula (-((H2)s~l to grye the chloro
conmpound of the fornmula 0 Il (HgC) 3- C O\ ( CH; @! 2 ; b) treating
the chloro product fromstep (a) wtl sodi unct asli de
1) {racemate)
a)
CH;
CH;
O(/ N\:wcu
7T
5 C(CH3 -

4,4-Dimethyl-2-azetidinone (17g, 0.171 mol) and tert-

butyldimethylsilyl chloride (28.43 g. 0.188 mol) were dissolved 1n
methylene chloride (270 ml). A solution of diisopropylethylamine (44.80

10  ml, 0.257 mol) in methylene chloride (130 ml) was added dropwise. The
reaction mixture was stirred at room temperature for 24 hours and then
concentrated. The residue was partitioned between ethyl acetate and
water. The organic phase was washed with 1N potassium bisulfate.
saturated sodium carbonate, saturated sodium chloride, dried over

15 magnesium sulfate, and concentrated. The residue was purified by silica

gel chromatography to give 34.55 g of the desired product.

b)
e VU
CY _.t.CH3
N
07 T NSi(CHi),



' i he formula O Il (H3CO
[ nce of base to give the iodo conpound of t _
I3nCt B?Cp{\f?ng) 3-1 2 15 c) reacting the IOdF nggllfl(:t Lgog is}teg( (Clt%)\ém tCIrJIS
[ ted azetidinone of the formula . _ _
tgiSSl ll? Ng\r/gﬁr‘ggr 2002 to give after renoval of the tert-butyldi rrgt gyl SIC}lylc
protecting group the azetidinone of the formula ~r,,, COZH (H30) - -

. : . : : d)
-,d O which nay optionally be i198 ated as an am S0tkbefPHS d)
{\Ir ga'lt?/ni; the azeti di %one product fromstep (c) with trﬁa‘\luoroacet I'c acid to

- ' ltin
renove the tert-but oRyc8MdeyxhnpsdiResd Bﬂngfuﬂeﬂgmﬁ{]{}# %ﬁﬁtngnpaé Dgeggﬁ SUt | )
anine with the dipratected guanylating agent of the'toi Cnoni onal | v be
N =N ~Ciz- 0 C. W@s adfg tdaoam,s@ tP |acsttead saduonmf dsopdoplaiind By 09 R Orl | Y
. r " o e . al The process of Claim 21 for preparing the
i sol ghﬁd ng ?Eeﬁifﬂ(x)érlﬁgfa %ﬁhi&rﬁﬁﬁgg\(go %%ﬂq BCh rfter 3@migutes, the solution b
conp . : i | |y acceptable
_'C H.... C(CH3yas ool t0 -P8°(Bahd RBALDA! Y RE p?ohtﬁgct Co%lxjtslte%a(a) %/1.50 g, 7.03
salt thereof_ which conprises:

5  mmol) 1n tetrahydrofuran (2.5 ml) was added dropwise. After 40 minutes
a solution of 1-chloro-3-iodopropane (1.72 g, 8.43 mmol) 1n tetrahydrofuran
(2.5 ml) was added dropwise. The temperature was slowly raised to 0°C,
After 1 hour the reaction mixture was quenched by the addition of 1N
potassium bisulfate. The solution was partitioned between ethyl acetate

10  and water. The organic phase was washed with 1IN potassium bisulfate

and saturated sodium chioride. dried over magnesium sulfate. and
concentrated. The residue wag purified by silica gel chromatography to

give 1.46 g of the desired product.
c)

/\/\ CHy
N3 —"»CH3
J—n

0 NSi(CHs)

15 C(CH:;)E

Sodium azide (0.91 g, 14.07 mmol) was added to a stirred solution
of the product from step (b) (1.36 g, 4.69 mmol) and tetrabutylammonium
iodide (0.35 g, 0.94 mmol) in dimethylformamide (10 ml). After 9 hours of

20 heating at 45°C, the solution was cooled to room temperature and
partitioned between ethyl acetate and water. The organic phase was
washed with saturated sodium chloride, dried over magnsium sulfate, and

concentrated to afford 1.34 g of the desired product.



31.6 15 Novenber 2002 a) reacting the conpound of the formula CHZ O C N

COOCH2- O ~~- NN~H3DLC( CH3) 3HHri: i O with benzyl bromde in
the presence of tert-butylamne and N, N di et hyl propyl eneurea to give the
benzyl ester of the formula O ~ 11 ~CH2-O CGN/~ O N-/~".- CO2CH2~ ~H (U

}--CHZ-OCGN ~.~/ H5 o b) reacting the benzyl ester product fromstep (a)

with the carbanoyl chloride of the fpapula 0 ~ O Cl- G 5November 200CH3) 3 H
10 to give the azetidinone of the formula o CH2 O ICS- N CQZCH2---~Q~ OH
O-IGN.'NO~HH~IlI - C H CCCH3) 300 and c) treating the product
fromstep (b) wth hydrogen in the presence of palladiumon carbon catal yst
to renove the b@nzyl ester and 15 benzyl oxycarbonyl N-protecting groups and
gi ve the .desired conpound. 15 Novenber 2892 3 2. A conpound of the

formula ( CH2 ) t COR2cob ; £ X1, t, and a are as defined
in Cdaiml; Pl is a Nprotecting group;

C(CHi);

The product from step (¢) (0.57¢g, 1.92 mmol) was dissolved 1n 1.4-

5 dioxane. Acetic acid (0.11 ml, 1,92 mmol) was added followed by 10%
palladium on carbon catalyst (0.15 mole%). A hydrogen atmosphere was
introduced via balloon. After 1 hour of stirring at room temperature the
solution was filtered and concentrated to grve 0.59 g of the desirea product.

e)

i /H\ CHs
CH;—O—C—N N CH3
H H

N
\%‘i (CH3) 2
10 C(CH3)’3

N

The product from step (d) (0.59 g, 1.78 mmol) was dissolved 1n
acetonitrile (8.0 ml). Triethylamine (0.26 ml, 1.87 mmol) was added
followed by N,N’-dicarbobenzyloxy-S-methylisothiourea (0.64 g, 1.78

15 mmol). After 12 hours of stirring at room temperature the solution was
partitioned between ethyl acetate and water. the organic phase was
washed with saturated sodium chloride, dried over magnesium sulfate and
concentrated. The residue was purified by silica gel chromatography to

gwve 0.37 g of the desired product.



5 Z is benzyl or benzhydryl. 33, A process for preparing conpounds of the
formula CCH2 ) t 2NN G N \ CO2H -(CH2)u N~ O Xi including an inner salt
or pharmaceutically acceptable salt |, hereof which 10 conprises: a)
reacting the conmpound of the formula ( CH2 ) t COON ~(CH2)u NH O wherein Pz
Is the N-protecting group t-butoxycarbonyl with an al cohol of the formula
15 HO-Z or with a brom de or iodide pdgthe fornula Br+2MNgvdmier 2008 15
Novenber 2002 wherein Z is the protecting group benzyl to give the conpound
of the formula-(CH2)t p2'- N C02 Z ~(CH2)u NH O wherein t and a are as
defined in Caignl;, 5 10 b) reacting the product fromstep (a) with an acid
chloride selected 0 ~(CH2)mCl- ~CN "~ fromd- CGCR- R6 ~(CH2)v~ O Cl- C
N~ ( CH )J s 0

0
Il /‘L CH,
CHz— 0=~ C—~N N/\/\———?- CH;

S—NH

A 1.0 M tetrahydrofuran solution tetrabutviammonium fluoride
5 (0.69 ml. 0.69 mmol) was added dropwise to a stuirred soultion of the
product from step (e) (0.36 g, 0.62 mmol) in tetrahvdrofuran (5 ml) a.t 0°C.
The reaction mixture was then stirred at room tomperature. After 1 hour
the solution was partitioned between ethyi acetate and water. The organic
phase was washed with saturated sodium chloride. dried over magnesium
10  sulfate, and concentrated. The residue was purified by silica gel

chromartography to give 276 mg of the desired product.

/N
O C—N
|
O H
15 A 1.0 M tetrahydrofuran solution of sodium bis(trimethylsilyl)

amide (0.28 ml, 0.28 mmol) was added dropwise to a stirred solution of
the product from step (f) (0.12 g, 0.26 mmol) in tetrahydrofuran (1.5 ml) at
-78°C. After 30 minutes of stirring, phenyl isocyanate (42 ul, 0.39 mmol)

was added dropwise. The temperature was slowly raised to 0°C. After 30



(CH2)o $i i~/ 1 RCI-CB2 ( CHz ) n 3 O0CL-CGCHZ- ORp d- C NH S02-R7

| ~9 Rg OIj

Cl- SOZ- R~ ~ Cl-Cal kyl -S02-R~ ~ or Cl-C-aryl-S02-R~ ~ or reacting with
0~-SOZ-R~ to give the conpound of the formula z) t P2 N\ C2 Z ~(CH)u |l O
~X1 wherein R4, Rs, R7, Ra, Rs, Rio, v, w, o, n, m Bi, B2, Ba, and Aa are
as defined in Claim1; 15 Novenber19902 319 c) treatigNgovdisb®r 200t
step (b) to renove the P2 protecting group; d) reacting the product fr
step (c) with the diprotected 5 guanylating agent of the formula N_ P1 P1_
N CGL Hwherein L is a leaving group such as nethylthio or pyraaolyl to

gi ve the conpound of the fornmula N_PI

M O X1 ; arid e) treating the product fromstep (d) to renove the Pi
10 protecting groups and give the desired final product.

[@]]

10

15

minutes the reaction mixture was quenched by the addition of a 4.0 pH
buffer solution. The mixture was partitioned between ethyl acetate and
water. The organic phase was washed with saturated sodium chloride,
dried over magnesium sulfate and concentrated. The residue was punified

by silica gel chromatography to give 0.16 g of the desired product.

h)

q%
|
.-,:mf

. (racemare)

The product from part (g) (0.16 g. 0.27 mmol) was dissolved 1n 1.4-
dioxane. 10% Palladium on carbon catalyst (0.15 mol %) was added
followed by 4N HCl1n 1.4-dioxane (68 pl. 0.27 mmol). A hydrogen
atmosphere was introduced via balloon. After 30 minutes of stirring,
water (0.20 ml) was added to keep the product 1n solution. After 30 more
minutes, the reaction mixture was diluted with 50% acetonitrile in water
(2.0 ml) and filltered. The solution was concentrated to remove organics
and then lvophilized to give 84 mg of the desired product: IR (KBr) 1733.
1707 cm-'; (M+H)* = 318.

~9 R OCL CNAZ-NCR4A CI-CNA2-NNCGCOCR4 > >0 011 11

from
om

(CH2 ) t PI-NGNH~\ CxZ -(CHZ)u

and Z
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The following additional compounds of formula II were also prepared
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ca] ca] ca] ca] cal ca] cal] ca] ca] c"a

'| 4j 4EHh6V} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]eajasdfical ta] c*a] ca] ca] ca]

cal] ca] c™a] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] ca! BM7Qe<- s} w nmhc”Yi d_ZU] ca
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U cal]ca UV] ca]ca]ca

, 469" k@1=BNhr zupkf @_ cat' ta) ca]??}fa] call ca]caD\] ca
] ca] ca]ca]ca]ca]ca]c ca caU] ] caDN] ca][ca] ta*Bwz %e
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L  zupkfa\'V] ] U ca] ca] ca] ca] ca] ca] ca] ca] cal] caJtTta] ca] ca] ca] caV]ca] ca]c”a]ca]c
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The (-) isomer from Example 146 step (a) (0.163, 0.349 mmol) was

dissloved in tetrahydrofuran (2 ml) and cooled to -78°C. Sodium bis
(trimethylsilyl) amide (0.52 ml, 0.524 mmol) was added dropwise. The
mixture was stirred for 20 minutes. Benzenesulfonyl chloride (93 mg,

10  0.524 mmol) was added and the reaction mixture was stirred at -78°C for
1.5 hours followed by stirring at room temperature overnight. The reaction
was quenched with 0.5 N potassium bisulfate solution (25 ml) and
extracted with ethyl acetate (2 x 20 ml). The organic phase was washed
with brine (1 x 40 ml) and filtered over sodium sulfate. The filtrate was

15 evaporated to a colorless oil. This was purified by reverse phase
preparative HPLC (YMC ODS A 30 x 250 mm, 5 pt column) to give 108 mg
of the desired product as an oil; M+H)* = 607.2; [o]p = -7.0° (c = 0.3,

chloroform).
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10% Palladium on carbon catalyst (50 mg) was added to a solution
5 of the product from step (a) (105 mg, 0.173 mmol) in 1,4-dioxane (15 ml)
containing 1N HCI (0.21 ml). Hydrogen gas was bubbled through the
solution for 1 hour. The reaction mixture was filtered over a pad of Celite®
and was washed repeatedly with 1,4-dioxane. The filtrate and washings
were combined and evaporated to give a colorless oil (53 mg). This was
10 further purified by reverse phase preparative HPLC (YMC ODS A 20 x 100

mm, 5 p, fast elution column) to give 23 mg of the desired product as an oil;

M-+H)* = 339; [a]p = - 9.3° (¢ = 0.42, methanol).
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(racemate)

a)

' ACOH

—— N

A

Si(CHy)A
5 C(CHy):
This racemic compound was prepared from D.L-aspartic acid

following the procedure for the chiral compound from L-aspartic acid (P.E.

Finke et al, J. Med. Chem., Vol. 38, p. 2449. 1995).

10 b
H3C,,”

., A2CO-H

7N

\Si(CHJ)Z
C{CHj3)3

To diisopropylamine (5.6 ml. 40 mmol) in tetrahydrofuran (30 ml)
at —20°C under argon was added 2.5 M n-butyl lithium (14 ml) in hexane
15 (35 mmol). The mixture was stirred for 15 minutes and cooled to —70°C.
A solution of the racemic product from step (a) (4.00 g, 17.4 mmol) in
tetrahydrofuran (16 ml) was added over 5 minutes and the reaction was

warmed to —20°C over 15 minutes. A solution of methy! iodide (2.72 ml,
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WRYA 10cy((g)c&' ()-! nggggd% @nﬁé’tﬂg& ?t)ofn)zxy@)s E_(U%@V,into(a) mmtu?e of(ige and 80 ml. of {

W& () -z! 1098SE& () N'BOYaPE 1hyers WelD 3
| 010%& ()- ! 10% ~& ()~ 1] 100/3) ,r?) i f%/%%é@éi\’é%@ﬁé X:queous layer was extracted
5 twice with brine, dried over sodium sulfate and concentrated to an
amorphous solid. Treatment with hexane and ethyl acetate gave 2.86 g of
the desired product as crystalline material.

c)

C
N //,,,,,.V

SL{CH3iq

i: (CH3i 1

10 To diisopropylamine (3.62 ml, 25.8 mmol) 1n tetrahvdrofuran (20
ml) at -20°C under argon was added 2.5 M n-butyl lithium (9.2 ml) in
hexane (23 mmol). The mixture was stirred for 15 minutes and cooled to -
70°C. A solution of the product from step (b) (2.76 g, 11.3 mmol) in
tetrahydrofuran (12 ml) was added over 5 minutes and the reaction was

15 warmed to -20°C over 15 minutes. A solution of 1-chloro-3-iodopropane
(2.5 ml, 23.3 mmol) in tetrahydrofuran (5 ml) was added and the reaction
was stirred between -20°C and 0°C for 30 minutes. Dry ethyl ether (50
ml) was added and the reaction was poured into a mixture of ice and 52 ml
of 1IN HCl. The layers were separated and the aqueous layer was twice

20 extracted with ethyl ether. The combined extracts were washed twice with
brine, dried over sodium sulfate and concentrated to an oil. Repeated
concentration of the oil from ethyl ether and hexane gave 3.35 g of the

desired product as an oil.
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The product from step (c) (1.92 g, 6 mmol) in ethyl ether (30 ml) was
treated in an ice-water bath with excess etheral diazomethane until a
5 yellow color persisted. Nitrogen was bubbled through the mixture for 10
minutes and the solution was concentrated. The residual oil was taken up
in ethyl ether and the solution was washed with cold dilute potassium
bisulfate and then brine (twice). dried over sodium sulfate and
concentrated to give 2.046 g of the desired product as an oil.

10 ¢€)

ISi(CH;;)z

C(CHy) s

A mixture of the product from step (d) (2.95 g, 8.83 mmol), sodium
azide (2.44 g, 35.3 mmol) and tetrabutylammonium iodide (2.45 g, 6.64
15 mmol) in dimethylformamide (12 ml) was stirred at 60°C under argon for
16 hours. This material was combined with a second reaction mixture
obtained from the product from step (d) (334 mg, 1 mmol). The
dimethylformamide was removed in vacuo and the residue was taken up in
ethyl acetate and dilute ageuous lithium chioride. The ethyl acetate layer
20 was washed again with dilute lithium chloride and then brine (twice),
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CH; ﬁ

N N m, C-OCH;

Lo NH
5 o’

A solution of the product from step (e) (3.53 g) 1n tetrahydrofuran
(30 ml), acetic acid (1.2 ml), and 1.0M terrabutylammonium fluoride (20
ml) in tetrahydrofuran was stirred at room temperature for 2 hours and
10  then concentrated to a residue which was taken up in ethyl acetate and
brine. After extracting, the ethyl acetate laver was washad with brine
(twice), dried and sodium sulfate. and concentrated to an oil (9.33 g).
Chromatography of this oil over 200 g of silica gel using ethyl

acetate:hexanes (7:3) gave 2.1 g of the desired product as an oil.

g)

CH;3

HCLH,NT N Y, V_rc—ocm

> NH

3%

0

The product from step (f) (678 mg, 3 mmol) was hydrogenated in 20
20 ml of dioxane and 3.0 ml of aqueous 1M HCI in the presence of 10%
palladium on carbon catalyst (237 mg) for 2 hours. After filtration using
aqueous dioxane and concentration of the filtrate, the residue was
concentrated from dioxane repeatedly to give 974 mg of the desired product

as a crude thick gum.
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To a solution of the product from step (g) (945 mg) in dry methanol
5 (7 ml) and dry dimethyl ether (7 ml) under argon was added sequentially
N,N'-dicarbobenzyloxy-S-methylisothiourea (1.61 . 4.5 mmol),
triethylamine (1.5 ml. 10.7 mmol) and mercuric chloride (1.22 g. 4.5
mmol). The reaction was stirred at room temperature for 2 hours and the
filtered through Celite® using ethyl acetate. Concentration of the filtrate
10 gave a residue which was taken up in ethyl acetate and dilute potassium
bisulfate. After two extractions with ethyl acetate, the combined ethyl
acetate extracts were washed with brine (twice), dried over sodium sulfate,
and concentrated to an oil (2.25 g). Purification by chromatography over
silica gel (150 g) using ethyl acetate:hexanes (6:4) gave 1.03 g of the
15 desired product as an oily residue.

1)

To the product from step (h) (582 mg, 1.14 mmol), previously dried
20 by azetroping from tetrahydrofuran and toluene, in tetrahydrofuran (8 ml)
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5 bisulfate and water. After extraction with ethyl acetate (3 times), the
combined ethyl acetate extract was washed with water (twice), dried over
sodium sulfate, and ccncentrated to a viscous oil (0.78 g). Purification by
chromatography (silica gel, 60 g) using ethyl acetate:hexanes (35:65) gave
656 mg of the desired product as an oily residue.

10 )

[e)
NHe 1.0 HC1 l
L
\ S hag

(racemate)

The product from step (i) (636 mg. 1.01 mmol) was hydrogenated in
12 ml of dioxane and 1.0 ml of IN HCI (1 mmol) in the presence of 10%

15 palladium on carbon catalyst (223 mg) at 1 atmosphere of hydrogen for 2
hours. After filtration using aqueous dioxane. the filtrate was
concentrated to a residue which was lyophilized from aqueous acetonitrile
to give 336 mg of the desired product as a white hydroscopic solid; IR(KBr)
1775 cm-1; (M+H)* =362.

20
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To diisopropylamine( 8.9 ml, 63.53 mmol) in tetrahydrofuran (50 ml)
at -20°C under argon was added 22.6 ml of 2.5 M n-butyl lithium in
hexane (56.6 mmol). The mixture was stirred for 15 minutes and cooled to
-70°C. A solution of the racemic compound from Example 166 part (a)

10 (6.49 g, 28.3 mmol) in tetrahydrofurén (30 ml) was added over 3 minutes
and the reaction was warmed to -20°C over 15 minutes. A solution of 1-
chloro-3-10dopropane (6.3 ml. 58.7 mmol) in tetrahvdrofuran (10 ml) was
added and the reaction was stirred between -20°C and 0°C for 30 minutes.
Dry ethyl ether (125 ml) was added and the reaction was poured into a

15 mixture of ice, 1IN HCI (130 ml), and ethyl ether. After separation, the
aqueous layer was extracted with ethyl ether (twice). The combined ethyl
ether extract was washed with brine (twice), dried over sodium sulifate,
and concentrated to an. oil, which was concentrated from hexanes (5x) to

give 7.61 g of the desired product as an oil.
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To diisopropylamine (4.7 ml, 33.5 mmol) in tetrahydrofuran (25 ml)
10  at -20°C under argon was added 12 m! of 2.5 M n-butyl lithium in hexane
(30 mmol). The mixture was stirred for 15 minutes and cooled to -70°C. A
solution of the product from step (a) (4.50 g, 14.7 mmol), previously dried
by azetroping from toluene and tetrahydrofuran, in tetrahydrofuran (20
ml) was added over 5 minutes and the reaction was warmed to -20°C over
13 15 minutes. A solution of methyl iodide (1.90 ml, 30.5 mmol) in
tetrahydrofuran (6 ml) was added and the reaction was stirred between -
20°C and 0°C for 30 minutes. Dry ethyl ether (70 ml) was added and the
reaction was poured into a mixture of ice, 1IN HC1 (66 ml), and ethyl ether.
After separation, the aqueous layer was extracted with ethyl ether (twice).
20 The extracts were combined, washed with brine (twice), dried over sodium

sulfate, and concentrated to an oil, which was concentrated from hexanes
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F10% | & ()-!F10% & ()-!9F10%4& ()-!110%| & ()- @

o1 NG acocH;
Zo—N
AN
0 Si (CHs) 5
| + 3B-methyl epimer
5 C(CHj) 3

3o.-methyl epimer

Treatment of the product mixture from part (b) (1.24 g) with
diazomethane according to the procedure of Example 166 step (d) gave
10  1.36 g of an oil consisting of the 3o-methyl epimer and the corresponding

3f-methyl epimer 1n a ratio of 4:1.

d)
e ]
N3/\/\’__rCOCH3
/—N
N
© Si(CH3)
| + 3B-methyl epimer
C(CH;y) 3

3a-methyl epimer

15 Treatment of the product mixture from part (c) (1.35 g) with sodium
azide and tetrabutylammonium iodide in dimethylformamide according to
the procedure of Example 166 step (e) gave 1.21 g of a crude oil containig

the 3o-methyl and 3B-methyl epimers.
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5 /—NH + 3B-methyl epimer

3a-methyl epimer
Treatment of the crude product mixture from part (d) (1.21¢) 1n

5 tetrahydrofuran (10 ml) with 5.0 ml of 1.0 M tetrabutylammonium
fluoride in tetrahydrofuran and acetic acid (0.3 ml) according to the
procedure of Example 166 step (f) gave, after chromatography on 100 g of
silica gel using ethyl acetate:hexanes (1:1), 343 mg of an oil consisting of
the 3a-methyl epimer and the corresponding 3B-methyl epimer in a ratio

10 of (86:14). An additional 256 mg of the mixture was obtained in the

chromatography.
f)

/—NH + 3p-methyl epimer
O .

3a-methyl epimer
15 Hydrogenation of the product mixture from part (¢) (335 mg) as

described in Example 166 step (g) and concentration of the product from

dioxane gave 469 mg of the crude product mixture as a gummy residue.
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g)

J—MNH + 3B-methyl eprmer
3a-methyl epimer

Treatment of the crude product mixture from part (f) (460 mg) with

N,N’-dicarbobenzyloxy-S-methyhsothiourea and mercuric chlornide as

described in Example 166 step (h) gave. after chromatography over 75 g of

silica gel using ethyl acetate:hexanes (6:4). 541 mg of a gummy residue

consisting of the 3a-methyl epimer and the corresponding 3B-methyl
epimer in a ratio of (86:14).
10 h)

Q
@—CHz—O-C—N NM——(
H H
. 7N
Jo~methvl epimer O \C——N—@

and the 3f-methyl epimer

Treatment of the product mixture from part (g) (500 mg) with
sodium bis(trimethylsilyl) azide and phenylisocyanate as described in
15 Example 166 step (i) gave, after chromatography over 50 g of silica gel
using ethyl acetate:hexanes (35:65), 525 mg of gummy residue consisting
of 3a-methyl epimer and the corresponding 38-methyl epimer in a ratio of

(86:14).
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1)
0
NHe 1.0 HC1 |

LHy c-ocH
HQNJL II}II/\/\r 3

O
3a-methyl epimer ” H

o

N

(racemate) + 3B-methyl epimer

The product mixture from part (h) (457 mg) was hydrogenated in 9

&)

m! of dioxane and 0.73 ml of 1.0N HCl in the presence of 10% palladium
on carbon catalyst (160 mg) at 1 atmosphere for 2 hours. After filtration
using aqueous dioxane. the filtrate was concentrated to a residue which
was lyophilized from aqueous acetonitrile to give 249 mg of a white

hydroscopic solid consisting of 3o-methyl epimer and the corresponding

10  3B-methyl epimer in a ratio of (88:12); IR(KBr) 1775 cml; (M+H)* = 362.
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jous

HNO——' COCH
The azetidine carboxylic acid

epichlorohydrin according to the procedure of A.G. Anderson Jr. and R. Lok,
d. Org. Chem., Vol. 37, p. 3953, (1972). This azetidine carboxylic acid was
then converted to the desired product according to the procedure of T.L.

10 Hansen et al., W0O97/23508.

b)
0
“ Oﬂ
(H3C)3—C—0~C—~
Br

A solution of triphenylphosphine (1.57 g, 6 mmol) in methylene

was prepared from

chloride (6 ml) was added dropwise to a stirred solution of the product

15 from part (a) (936 mg, 5 mmol) and carbon tetrabromide (2.32 g, 7 mmol)
in methylene chloride 910 ml) at 0°C under argon. The reaction was then
stirred at room temperature for 16 hours. The reaction was concentrated
in vacuo and the residue was triturated with ethyl ether. Filtration and

evaporation of the filtrate gave 3.34 g of an oily residue which was
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product as an oily residue.

c)
0

|
(H3C) 3—C—0-C-N
5 I

A maxture of the product from part (b) (1.00 g, 4 mmol) and sodium
lodide (1.80 g, 12 mmol) in dry acetonitrile (10 ml) under argon was stirred
at 65°C for 2.5 hours, cooled to room temperature and concentrated in
vacuo. The residue was taken up 1n ethyl acetate and water and the ethyl

10 acetate layer was washed with water (twice), dilute sodium thiosulfate.
and water (twice), dried over sodium sulfate, and concentrated to g;ive 1.18

g of the desired product as an oily residue.

d)
ﬁ COOH
(H3C) 3—~C—0-C~ " y
ZgN___
0 Si(CH3)»
15 C(CH3) 3

To diisopropylamine (0.63 ml, 4.5 mmol) in tetrahydrofuran (3.5 ml)
at -20°C under argon was added 1.6 ml of 2.5 M n-butyl lithium in hexane
(4 mmol). The mixture was stirred for 15 minutes and cooled to
-70°C. A solution of (4S)-N-(t-butyldimethylsilyl) azetidine-2-one-4-

20 carboxylic acid (459 mg, 2.0 mmol) [Baldwin et al, Tetrahedron, Vol. 46, p.
4733 - 4748, 1990] in tetrahydrofuran (2.5 ml) was added over 3 minutes
and the reaction was warmed to -20°C over 15 minutes. A solution of the
product from part (c) (1.19 g, 4 mmol) in tetrahydrofuran (3 ml) was added

and the reaction was stirred between -20°C and -30°C for 1.5 hours and

10c
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then at -20°C for 16 hours. The reaction was warmed to 0°C and quenched
by the addition of 5% potassium bisulfate and then ethyl acetate. After
extraction with ethyl acetate (three times), the ethyl acetate extracts were

combined, washed with brine, dried over sodium sulfate, and concentrated

w

to an oily residue. The residue was dissolved in ethyl ether and washed
with saturated sodium bicarbonate (twice). The combined sodium
bicarbonate extract was washed with ethyl ether and then layered with
ethyl acetate. The pH was adjusted to 2.2 (10% potassium bisulfate) and
after extraction with ethyl acetate (three times), the acidic ethyl acetate
10  extract was washed with brine. dried over sodium sulfate, and

concentrated to give 624 mg of the desired product as a crude oil.

e)

7 NH

To the crude product from part (d) in tetrahydrofuran (3 ml) at O -
15  5°C under nitrogen was added 2.7 ml of 1M tetrabutylammonium fluoride
in tetrahydrofuran. The reaction was sturred for 1.5 hours at room
temperature and then the solvent was removed 111 vacuo and the residue
was taken up in ethyl acetate, water and 10% potassium bisulfate (11 ml).
After extraction with ethyl acetate (three times), the extracts were
20 combined, washed with small amounts of water (twice), and brine, dried
over sodium sulfate, and concentrated to give 470 mg of crude desired

product as an amorphous residue.
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f)
2 I
(H3C) 3—C—0~C-N . ’C—O"Cﬁz

2 NH
o7

A solution of the product from part (e) (466 mg), benzyl bromide

(0.84 ml, 7.1 mmol) and sodium bicarbonate (239 mg, 2.84 mmol) in dry

(W) ]

dimethylformamide (4 ml) was stirred at room temperature under
nitrogen for 16 hours. The reaction was diluted with ethyl acetate and
water. and the aqueous layer was extracted with ethyl acetate (twice). The
ethyl acetate extracts were combined. and washed with dilute potassium
bisulfate, water (twice) and brine. dried over sodium sulfate. and

10  concentrated to give 563 mg of an o1l. This o1l was chromatographed over
silica gel by eluting with methylene chloride and then methvlene

chloride:ethyl acetate (1:1) to give 407 mg of the desired product as an

amorphous residue.

15 ¢

0
| ]
HOOCF;C +HN o ’CO —CH:
/—NH

o)

Trifluroacetic acid (1 ml) was added to a stirred solution of the
product from step (f) (300 mg, 0.80 mmol) 1n methylene chloride (3 ml) at 0
- 5°C. After 5 minutes, the reaction was stirred at room temperature for 1
20 hour and then concentrated in vacuo to give the desired product as a

residue.
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o j— C_JNL - LoD
L —

»~—NH

O
To a solution of the product from part (g) (0.80 mmol) 1n dry
dimethylformamide (3 ml) under argon was added sequentially N,N'-

5 dicarbobenzyloxy-S-methylisothiourea (430 mg, 1.20 mmol), triethylamine
(0.45 ml. 3.23 mmol). and mercuric chloride (326 mg. 1.20 mmol). The
reaction was stirred at room temperature for 2.5 hours and then filtered
through Celite® using ethyl acetate. The filtrate was washed with dilute
agueous potassium bisulfate (twice) and brine. dried over sodium sulfate.

10 and concentrated to an oily residue (767 mg). Purification by
chromatography over silica gel eluting with methylene chloride:ethyl

acetate (6:4) and methylene chloride: ethyl acetate (3:7) gave 342 mg of the

desired product as an oily residue.

15 1)

To the product from part (h) (136 mg, 0.23 mmol), previously dried
by azetroping from tetrahydrofuran and toluene, in tetrahydrofuran (2 ml)
at -78°C under argon was added 0.30 ml of 1.0M sodium
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minutes and then phenylisocyanate (31 pl,0.28 mmol) was added. The
reaction was warmed to 0°C over 40 minutes and poured into 2 ml of 10%
potassium bisulfate and water. After extraction with ethyl acetate (three

5 times), the ethyl acetate extracts were combined, washed with water
(three times), dried over sodium sulfate, and concentrated to give 193 mg
of an oil. Purification by chromatography over silica gel eluting with
methylene chloride: ethyl acetate (98:2) and then methylene chloride:ethyl

acetate (95:5) gave 121 mg of the desired product as an oily residue.
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Ha N<>__/ COH
T, ’
7N
N0
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0

(homochiral)
The product from part (i) (115 mg, 0.163 mmol) was hydrogenated in

dioxane (4 ml) and 1.ON HCI (163 pl, 0.163 mmol) in the presence of 10%
palladium on carbon catalyst (35 mg) at 1 atmosphere for 1 hour. After

15 filtration using aqueous dioxane, the filtrate was concentrated to a
residue. This residue was lyophilized from agueous dioxane to give 89 mg
of crude product. Purification by preparative HPLC [YMC S5 ODS 30 x
250 mm, 25 ml/min, using a gradient (10 - 40%) of solvent A (10%
methanol + 90% water + 0.1% trifluoroacetic acid) and solvent B (90%

20 methanol + 10% water + 0.1% trifluoroacetic acid)] gave after
lyophilization 31 mg of desired product as a white hydroscopic solid, IR
(KBr) 1780 cm-!; M+H)* = 346.
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Example 172

/N
l.OHCl'HN=< Y cums N N—C—0=—CH~—CH(CH;) >
NH; o] N/ |
0 CH(CH3) 2

(diastereomer mixture)

ﬁ (}C-O-CgHs
(H3C) :C— O~ C~N

D-tert-butyl dicarbonate (10.9 g, 30 mmol) was slowly added o0 a

a)

=0

stirred solution of ethyl nipecotate (6.2 m!l. 40 mmol) and N,N-
diisopropylethvlamine (7.0 ml, 40 mmol) in methylene chioride (80 ml) at
0°C under argon. The cooling bath was removed. dimethylaminopyridine
10 (0.49 g, 4 mmol) was added, and the reaction was stirred overnight at room
temperature. The reaction was concentrated in vacuo and the residue was
taken up in ethyl acetate. The ethyl acetate was washed with dilute HCI(2
x) and brine (2 x), dried over magnesium sulfate and concentrated to an oil,
which was pased through a column of silica gel using hexanes-ethyl acetate

15  (8:2) to provide 10.2 g of the desired product as a colorless oil.



+CDEFZbCO! | 810908 ()- 3- 10%0& ()- 100 100 100410%0& ()- M

210908 () - +MLO%OE () - M 4Tci A<bC0! ! 8! H, 910%0@D@&. () - | ~H910%00% () - | 9109XX&’ (
) - FLO%O8' () - & 310%08' () - &S: 10%08' () - i kAf aBbCO! ! 8! Hr! 10%08 () -

“#10%08 ()-: 9! 10%08& ()- L10%0& ()-10%0& ()-!c

0910% M M&' () - CHI JK_j uV70! | 1090& () - Y- 109%0& ()-3 1000 1000

1000 f/ - 10%008 () - - L0%& () - s+10%082@p- j Ez[ <uV70! | f s LAIRE £ hpd09Fd () -
1096& ()- 'q 10% & ()-!+X 109%KX& ()-!

10967 T& () - E- 03dEUV70! I L' *10967& () - (10947& () - &

L0%3E ()-:1 1098 () - &@0%E () - &F109& ()- 30dqtyZ; uv7o! |

- 110907& ()-8, 1094& ()- !, 410%JU& ()-M], 410% ()-M, 4109 T: & ()-M , 410%
& () - MKLM\b~_=0!11\ 9! 10%:0&' ()-Y 1 10%& ()-!Y ! 109008 ()- @0%%: ()- 10T 10T
10T; 310%& ()-

&T_f CawU3~_=0!! y3* nt 109008 () -! 13Y" 10%008 () -!3Y" 10%& () -! X3Y" 10% C C& ()-!
63Y" 109%=& ()-! p9! 10%wW& () - ar P=0! | y3* fTTRUOOL | 3

' 1098S& () - 109%& ()-! CY10%&' ()- G 10KK 1
10KK! s3* ' 100KK&' () - 62i | x} "?P=0! 1'y3, | 40%&' ()- Y@
10%& () - 310%&: ()- 91" 1 10% ()-! 3 "10%" & ()-18&3

|
0

|
C- (CHj) 5

A solution of 1M lithium aluminum hydride in tetrahydrofuran
(40.4 ml, 40.4 mmol) was added over 10 minutes to a stirred solution of
5 the product from part (a) (9.92 g, 38.5 mmol) in tetrahydrofuran (120 ml)
at 0°C under argon. After 43 minutes, the ice water cooled reaction was
decomposed by the cautious dropwise addition of 5N sodium hydroxide (10
ml). The mixture was surred for 10 minutes and the semigranular
muxture was filtered. The filtrate was concentrated to an o1l. which was
10 taken up in ether. The ether was washed with brine. dried over sodium

sulfate and concentrated to an oil, which solidified :n vacuo to give 7.73 g of

the desired product.
c)

15 A solution of the product from part (b) (4.1 g, 20 mmol) in 30 ml of
methylene chioride was added over 10 minutes to a stirred solution of
triphenylphosphine (7.34 g, 28 mmol), imidazole (1.91 g, 28 mmol) and
iodine (7.1 g, 28 mmol) in 70 ml of methylene chloride at 0°C under argon.
The cooling bath was removed and the reaction was stirred at room at

20 room temperature for 1 hour and filtered. Concentration of the filtrate

gave an oil which was stirred with ethyl acetate for 15 minutes. After
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_ filtration, the filtrate was washed with 5% sodium thiosulfate (3x) and

then brine, dried over magnesium sulfate, and concentrated to give 11.4 g

of crude product, which was chromatographed over silica

gel using

methylene chloride to afford 6.1 g of the desired product as a colorless oil.

d)

(%]

O— , CO.H
N '

_ 77—
=0 % NQ

? Si (CH3) 2
? C(CHalj;
C(CH;)2

Reaction of (4S)-N-(t-butvldimethylsilyl)azetidine

-2-one-4-

carboxylic acid (1.15 g, 5 mmol) and the product from part (c-) (3.25¢g, 10

mmol) according to the procedure of Example 171 step (d) gave 1.98 g of

10 the crude desired product as a foam.

e)
N

=0 Oé NH

—0—0

C(CH3)a

Treatment of the product from part (d) (1.98 g) with tetra-

butylammonium fluoride in tetrahydrofuran according to

the procedure of

15 Example 171 step (e) gave 1.64 of the crude desired product as an oil.

f)

]
O @
N

=0 & N
(0]
E

C(CH3)3
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Treatment of the product from part (e) (1.64 g) with benzyl bromide
according to the procedure of Example 171 step (f) gave 1.23 g of the
desired product as an oil after silica gel chromatography by eluting with
methylene chloride and then methylene chloride/ethyl acetate (6:4).
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Lo ®)

" / 0\ H
U—C—O—CH—CH (CH3) 3

CH(CH3),

ot

Q
&
O=0

=0 Oé'-—.N

{CH3) 1

A solution of the product from part (f) (402 mg, 1 mmol),
triethylamine (0.28 ml. 2.0 mmol), 1-diisopropylmethoxycarbonyl-

10 piperazine-4-carbonylchloride (436 mg, 1.50 mmol) and
dimethylaminopyridine (31 mg, 0.25 mmol) i1n methylene chloride (4.5 ml)
was stirred at room temperature under argon for 8 hours and stored at
0°C overnight. The reaction was concentrated tn vacuo and the residue
was taken up in ethyl acetate, 10% potassium bisulfate (4 ml) and water.

15 The ethyl acetate layer was washed again with dilute potassium bisulfate,
water (2 x), and brine, dried over sodium sulfate and concentrated to a
viscous oil (779 mg). Chromatography of the oil over silica gel using 10%
and then 20% ethyl acetate in methylene chloride provided 618 mg of the

desired product as an oil.
20 h)

“, /
HOOCF,C

X /0
SN Ne=C—0—CH=—CH (CH3) 2
/ ﬁf’L/ l

o)
CH(CHj3),
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Trifluoroacetic acid (0.75 ml) was added to a stirred solution of the
product from part (g) (436 mg, 0.66 mmol) in methylene chloride (3 ml) at
0 - 5°C. After 5 minutes, the reaction was stirred at room temperature for
2 hours and concentrated in vacuo to a residue, which was further
5  concentrated from methylene chloride (5 x) and then chloroform (2 x) to
give 648 mg of compound of the desired product as an oil.

1)

@——CH2—0-C-N=< S\ 0
y N N~ C—O—CH—CH (CH3) 3
T R
c=0 ) 1) 2

)
@)

To a solution of the product from part (h) (0.25 ml) in

10 dimethylformamide (1.5 ml) under argon were added sequentially N,N'-
dicarbobenzyloxy-S-methylisothiourea (136 mg, 0.38 mmol), triethylamine
(0.21 ml, 1.5 mmol) and mercuric chloride (103 mg, 0.38 mmol). The
reaction was stirred at room temperaiure for 3 hours, diluted with ethyl
acetate and filtered through Celite. The filtrate was washed with dilute

15 aqueous potassium bisulfate (2 x) and brine (2x), dried over sodium
sulfate and concentrated to an oil (280 mg), which was purified by
chromatography over silica gel by eluting with 15% and then 20% ethy!l
acetate in methylene chloride to give 146 mg of the desired product as an

oily residue.
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2 r \—/

CH(CH3)2

(diastereomer mixture)

5 The product from part (i) (141 mg, 0.163 mmol) was hydrogenated in
dioxane (5 ml) and 1.0 N HCl (0.163 mmol) in the presence of 10%
palladium on carbon catalyst (42 mg) at 1 atmosphere for 1 hour. After
filtration using aqueous dioxane, the filtrate was concentrated to remove
dioxane, filtered, and lyophilized to give 47 mg of the desired product as a

10  whate solid; IR(KBr) 1787 cm'!, consisting of a mixture (52:48) of

diastereomers as determined by HPLC.
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The following compounds of formula I were also prepared
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To a solution of di(tert-butoxycarbonvl)amine (2.17 g, 10 mmol) in
dimethylformamide (40 ml) at 0°C was added 6.8 g of a solution of
potassium tert-butylamylate in toluene. The addition was carried out very
slowly over 30 minutes. After surring for one hour at 0°C, 1-chloro-4-

10 iodobutane (2.18 g, 10 mmol) was added dropwise and stirring was
contunued for 2 more hours. Water (20 ml) and hexane (20 ml) were added
for the work-up. The aqueous layer was extracted with additional hexane
(3 x 20 mD). The combined organic layer was washed with 1.0 N ice cold
sodium hydroxide, saturated sodium phosphate. monobasic solution, and

15 finally brine. After dryving over sodium sulfate and evaporation, 2.76 g of
the desired product was obtained as a light yellow oil.

b)

0
i
[ (H3C)3-C-O~CLN/\/\/I
2

To a solution of the product from part (a) (4.5 g, 15 mmol) in acetone
20 (60 ml) were added sodium iodide (7.3 g, 49 mmol) and sodium

bicarbonate (12 mmol). The reaction was refluxed at 60°C for 12 hours.
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5 and brine, and drying over sodium sulfate yielded after concentration 5.02

g of the desired product as a vellow oil.

[ (H4C) 3—C-C‘-EL‘N\/\/Q‘ _{ﬁcm{

o~ NH
o7

¢

10
(4S)-N-(tert-Butyldimethylsilyl)azetidine-2-one-4-carboxylic acid

(2.30 g, 10 mmol) [Baldwin et al., Tetrahedron, Vol. 46, p. 4733 - 4748,
1990] dissolved in tetrahydrofuran (10 ml) was added dropwise over 20
minutes to a solution of lithium diisopropylamide (21 mmol) in

15 tetrahydrofuran (60 ml) at -30°C. After the addition was completed. the
temperature was allowed to rise to -20°C at which time a solution of the
product from part (b) (4.80 g, 12 mmol) dissolved in tetrahydrofuran (10
ml) was added dropwise. Stirring was continued for 2 hours at -20°C after
the addition was completed. After warminig to 0°C, water (100 ml) was

20 added and the pH was adjusted to 12.5 by the addition of 1.0 N sodium
sulfate solution. After stirring for 1 hour at 0°C the reaction solution was
extracted with hexane (50 ml). The aqueous layer was adjusted to pH 3
with 6.0 N HCl and extracted with ethyl acetate (150 ml). The organic
phase was washed with brine and dried to give 4.13 g of the desired

25 product as a colorless oil. .
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Trifluoroacetic acid (25 ml) was slowly added to the product from

part (c) (2.5 g, 5 mmol) dissolved in methyle chloride (50 ml) at 0°C. After
5 stirring for 30 minutes and evaporation, toluene (20 ml) was added to the
oily residue. The toluene was evaporated again to remove excess

trifluoroacetic acid and give 1.6 g of

COH

HOOCF3C « HaN\_~__., )

2———NH
o/

which was used for the next step without purification.

10 The above trifluoroacetic acid salt (1.6 g) was dissolved in methanol
(30 ml) and after cooling to -5°C the pH was adjusted to 8.5 by adding
triethylamine (0.7 ml) followed by N,N'-dicarbobenzyloxy-S-
methylisothiourea (2g, 5.5 mmol). The reaction was stirred for 12 hours at
room temperature. The methanol was stripped off in vacuo an the oily

15 residue was taken up in ethyl acetate (20 ml) and water (10 ml). After
cooling to 0°C, the pH was adjusted to 3.0 with 2.0 N sodium bisulfate
solution. The layers were separated, and the aqueous layer was extracted
with ethyl acetate (2 x 20 ml). The combined organic layer was washed
with brine and extracted with an ice cold saturated sodium bicarbonate

20  solution (3 x 20 ml). After cooling to 0°C, the aqueous phase was acidified
with concentrated HCl to a pH of 3.2 and reextracted with ethyl acetate (3
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The product from paxrt (d) (497 mg, 1.0 mmol) was dissolved in

tetrahyvdrofuran (5 ml) and butanol (155 ul. 1.5 mmol).

dicyclohexylcarbodiimide (210 mg, 1.0 mmol), 4-dimethylaminopyridine
(10 mg) and hydroxybenzotriazole (20 mg) were added with stirring. After

10  stirring for 6 hours at room temperature, methylene chloride (3 ml) was
added. After filtration. the filtrate was concentrated in vacuo to give 570
mg of crude product as a colorless oil. Purification by flash
chromatography on silica gel eluting with ethyl acetate/hexane gave 495
mg of the dsired product: IR (XBr) 1745 cm-1.

15

/N
0” N‘c—N N=-~C-O0=-CH~CH(CH3);
\—/

Ié CH(CH;) 2

The product from part (e) (295 mg, 0.5 mmol) was dissolved in
methylene chloride (7 ml). After the addition of diisopropylamine (194 mg,
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&F10%08; ()@? 1\&z 1.5 mmg?)g,‘ 1(-ansopropy1<nethg2(yca%bony p1§)2erazine-4-ca: )onyl-chloride
. (218 mg, 0.75 mmol) and dimethylaminopyridine (10 mg), the reaction
solution was stirred overnight at room temperature. Additional 1-
diisopropylmethoxycarbonylpiperazine-4-carbonylchloride (20 mg) was
5 added and stirring was continued for 4 hours. The reaction was quenched

with 10 mli of ice water (pH was adjusted to 4 with potassium sulfate

solution) and ethyl acetate. The aqueous layer was extracted with ethyl

acetate (2 x 10 ml) and the combined organic layer was washed with brine,

dried over magnesium sulfate, and concentrated in vacuo. The resulting

10  colorless oily residue was purified by flash chromatography over silica gel
eluting with ethyl acetate:hexanes (4:6) 1o give 392 mg of the desired

product: IR(KXBr) 1790 cm-!.

g)
NH 0
i
C—OH
HoN N 2,
H\/\/
7N /N
0 C—N N-—C-O=—CH-CH(CH3)?
| !
o CH{CH;),
15 {nomochiral)

A mixture of the product from part (f) (96 mg, 0.11 mmol, 1N HCl
(110 pl, 0.11 mmo}), 10% palladium on carbon catalyst (37 mg) in dioxane
(2.5 ml) was stirred under a hydrogen atmosphere (hydrogen balloon) at
room temperature for 1 hour. The reaction was filtered through a Celite®
20 cake, passed through a polyvinylpyrrolidone resin column, and lyophilized
to give 44 mg of the desired product as a white fluffy powder; IR (KBr)
1780 cm-!, 1669 cm!; (M+H)* = 483.3, (M-H)- = 481.
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The following additional compounds of formula VI were also prepared
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The intermediate of Example 1(b) was also prepared as follows:

a)

i
[ (H;C);—C—O—CF N-{(CH;):;~—Cl

Potassium t-amylate (25% wt 1n toluene, 164.0 g, 322.6 mmol) was
10 added to a solution of di-¢-butyl iminodicarboxylate (70.1 g, 322.6 mmol) in
dimethylformamide (500 ml) over a 15 minute period under nitrogen. The
resulting white creamy solution was stirred at 0°C for 40 minutes. 1-
Chloro-3-iodopropane (60.0 g, 31. ml, 293.3 mmol) was added and the
mixture was stirred at 0° for 3 hours. Hexane (500 ml) and water (300 ml)
15 were added to the mixture. The aqueous layer was separated and
extracted with hexane (300 ml). The combined hexane extracts were
washed with 1N sodium hydroxide (3 x 300 ml), saturated sodium
hydrogen phosphate (300 ml), half-saturated brine (300 ml), and brine
(500 ml) and dried over sodium sulfate. Removal of the sodium sulfate by
20 filtration followed by concentration gave 84.2 g of the desired product as a

light yellow oil which was dried under vacuum overnight.
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[ {H3C) 3-C—O~C<}-—N-(CH2)3—I
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The product from part (a) (55.0 g, 187.2 mmol) was dissolved in
5 acetone (650 ml). Sodium iodide (84.2 g, 561.6 mmol) and sodium

bicarbonate (7.9 g, 93.6 mmol) were added. The mixture was stirred at
58°C (oil bath) under nitrogen for 6 hours and additional sodium iodide
(14 g, 93.4 mmol) was added). The reaction mixture was stirred for 12.
hours and the acetone was evaporated. Hexane (400 ml) and water (300

10 ml) were added to the resulting solid. The hexane layer was separated.
washed with 5% sodium thiosulfate (300 ml). half -saturated brine (300
ml) and brine (300 ml), dried over sodium sulfate. and filtered through 20
g of a silica gel pad. The silica gel pad was washed with hexane (400 ml).
Concentration of the filtrate gave 68.2 g of the desired product as a light

15 yellow oil which was dried under vacuum overnight.

c)
ﬁ COOH
(HaC) 3~C—0— C*]—‘?-NN ""«——r
. 04"—'NH
20 n-Butyl lithium (2.5 M in hexane, 46 ml, 115.0 mmol) was added to

a solution of diisopropylamine (11.7 g, 16.2 ml, 115.3 mmol) in
tetrahydrofuran (150 ml) at 0°C under nitrogen. The resulting solution
was stirred at 0°C for 30 minutes then cooled to -30°C. A solution of (45)-
N-(t-butyldimethylsilyl)-azetidine-2-one-4-carboxylic acid (12.0 g, 52.4

25 mmol) [Baldwin et al, Tetrahedron, Vol. 46, p. 4733 - 4748, 1990} in
tetrahydrofuran (60 ml) was added and the mixture was stirred at -20°C
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111s210% () -1f 10ﬁ %ngmutes O%S%utggn ofl t?xe 16%0 produc::IEOﬁKorlé pa%t (b) (24 0g, 62.3
mmol) in tetrahydrofuran (30 ml) was added dropwise over a 20 minute
period and the resulting mixture was stirred at -20°C for 2 hours. The
reaction mixture was allowed to warm to 0°C and water (300 ml) was

5 added. The mixture, adjusted to pH 12.5 with 10% sodium bisulfate, was
stirred at 0°C for 30 minutes and then washed with hexane (2 x 100 ml).
The aqueous layer was cooled 1n an ice-bath and acidified to pH 3.0 by the
dropwise addition of 6N HCI. This solution was saturated with sodium
chloride and extracted with ethyl acetate (3 x 150 ml). The combined ethyl

10 acetate extracts were washed with brine (200 ml), dried over sodium

sulfate. filtered and concentrated to give a vellow oil. This oil was
dissolved in acetonitrile (20 ml) and evaporation of the acetonitrile gave

16.4 g of the desired product as a vellow foam.

15 @)
0

il
@"CHZ"O"C'IN COpH
i /L
n,
@— ChHy—O— C-n N /\/ l

l
:

The product from part (c) (4.25 g, 11.4 mmol) was added to a 1:2

mixture of trifluroacetic acid/methylene chloride (42 ml). The resulting

20 mixture was stirred at room temperature for 30 minutes under a nitrogen
atmosphere. Toluene was added (80 ml) and the mixture was
concentrated to a small volume (approximately 15 ml). Additional toluene
(80 ml) was added and the mixture was concentrated to dryness to afford a
yellow oil.

25 A mixture of triethylamine (3.97 ml, 28.5 mmol) and methanol (42
ml) was added into the above oil at 0°C. Additional triethylamine (0.85
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(1993)] were added. The mixture was stirred at room temperature for 11
hours and then concenrtrated in vacuo at 25°C to afford a yellow oil.

5 Ethyl acetate (30 ml) and water (10 ml) were added to this oil
followed by acidification to pH 3.2 at 0°C by the addition of 2M potassium
bisulfate which was saturated with sodium chloride. The acidic mixture
was poured into a separatory funnel. The layers were separated. and the
aqueous layer was washed with ethyl acetate (2 x 25 ml) while ensuring

10  that the pH of the aqueous solution was 1n the range of 2.9 t0 3.2. The
combined ethyl acetate solutions were washed with saturated sodium
chloride solution (25 ml)and the product was extracted with saturated
sodium bicarbonate (3 x 25 ml). The combined sodium bicarbonate
solutions were washed with ethyl acetate (2 x 25 ml), acidified to pH 3.2

15  with concentrated HCI at 0°C. treated with saturated sodium chioride
(solid), and finally extracted with ethyl acetate (3 x 25 ml) . The combined
ethyl acetate solution was dried over anhydrous magnesium sulfate,
filtered, and concentrated in vacuo to afford 4.61 (9.55 mmol) of the

desired product as a pale velllow foam.

20
Example 193
The product of Examples 21 and 32 was also prepared as follows:
a)
Cl/\//,"'. COzH
04-——N‘—Si (CH3) 2
25 C(CH3)3

Diisopropylamine (14.05 ml, 0.10 mmol) was added to a dry, three-

necked flask equipped witli mechanical stirrer and maintained under an
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-20°C, a solution of n-butyl lithhum (38.3 ml of a 2.5 M solution in
hexanes, 0.096 mol) was added dropwise and the solution was stirred at
5 -20°C for 10 minutes. A solution of (4S)-N-(¢-butyldimethylsilyl)-
azetidine-2-one-4-carboxylic acid (10.0 g, 43.6 mmol) [Baldwin et al,
Tetrahedron, Vol. 46, p. 4733 - 4748, 1990] was added slowly while
maintaining the temperature at -20°C and allowed to stir for 30 minutes.
A solution of 1-chloro-3-iodopropane (5.6 ml, 52 mmol, 1.2 eq.) in
10  tetrahydrofuran (30 ml) was added over approximately 10 minutes. After
stirring at -20°C for approximately 2 hours. 2.6M potassium bisulfate (75
ml), water (100 ml) and ethyl acetate (100 m)) were added and the mixture
was transferred to a separatory funnel. The aqueous layer (pH 2 -3 ) was
drawn off and back extracted with ethyl acetate (2 x 50 ml). The organic
15 solutions were combined and washed sequentially with water (2 x 50 ml),
10% sodium thiosulfate (1 x 50 ml) and then with saturated sodium
chloride to neutral pH. The organic solution was dried over sodium sulfate
(15 g), filtered and concentrated to an oil. The o1l was seeded with a few
crystals of the desired product and placed under high vacuum overnight to
20 dry. The resultant crystalline solid was slurried with hexane (100 ml),
filtered, washed with hexane (100 ml) and dried under high vacuum to give

11.5 g of the desired product.

b)
Cl/\/”'v-, ,COgCHz""@

é-—N-—Si {CH3) 2
o) {
C(CHa)3

25 The product from part (a) (7.02 g, 22.9 mmol) was dissolved in
methylene chloride (anhydrous, 40 m!) under an argon atmosphere. The
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Benzylchloroformate (3.6 ml, 25.2 mmol) was added along with an
additional 10 ml of methylene chloride to aid stirring. 4-Dimethyl-

5 aminopyridine (2.8 g, 22.9 mmol) was added as a solid 1n one portion with
considerable gas evolution. The solution was allowed to stir at 0°C for 30
munutes. Additional benzylchloroformate (0.3 ml, 2.5 mmol) was added
and the reaction was suirred for an additional 20 minutes. The reaction
was quenched with 1M potassium bisulfate (30 ml). The mixture was

10 transferred to a separatory funnel and the layvers were separated. The
orgamc layer was washed with 2N potassium bisuifate (20 mi), and the
aqueous washes were combined and back extracted with methylene
chloride (25 ml). The organic solutions were combined. washed
sequentially with water (25 ml). saturated sodium bicarbonate (25 ml),

15 and saturated sodium chloride (2 x 25 ml). and dried over sodium sulfate
(15 g). The methylene chloride solution was filtered through silica (15 g)
and the silica was washed with 200 ml 3:1 (volume:volume) hexane/ethyl

acetate. The filtrate was concentrated to an oil. evaporated under reduced

pressure from toluene (2 x 25 ml) and dried under vacuum overmght to give
20 8.12 of the desired product.

c)
I/\/""~ .CO;CHz-@

QéL—N—lSi (CH3)»
C(CHj3) 3

A solution of the product from part (b) (10.55 g, 26.6 mmol) in 4-
methyl-2-pentanone (40 ml) was stirred under an argon atmosphere.
25 Sodium iodide (20 g, 133 mmol) was added and the mixture was heated at

approximately 110°C, protected from light, for 7 hours. The mixture was
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cooled to ambient temperature, diluted with hexane (100 ml) and filtered
through a plug of Celite®. The Celite® was washed with hexane (2 x 50
ml). The filtrates were combined, washed with sodium thiosulfate (50 ml)
and then with water (50 ml). The aqueous washes were back extracted

5  with ethyl acetate (100 ml). The organic solutions were combined and
concentrated to an oil, dissolved 1n hexane (50 ml) and filtered through a
plug of silica. The silica was washed with hexane (200 m}) and then with
4:1 (volume:volume) hexane/ethyl acetate (500 ml). The hexane/ethyl

acetate solution was concentrated to give 11.84 g of the desired product as
10 anoil
d)

The compound of the formula

NH
= I‘{N_/u\ ﬁ
‘ N-C—0~CH

(3 g, 20.5 mmol) and tetrahyvdrofuran (27 ml, anhvdrous) were charged to a

15

dry flask under nitrogen. The solution was stirred and cooled to 0°C.
Sodium hydride (2.62 g, 65.5 mmol, 3.2 equivalents of a 60% dispersion in
mineral oil) was charged to the flask slowly (exotherm). The suspension

20 was stirred at 0°C. N-(Benzyloxycarbonyloxy)succinimde (8.2 g, 32.8
mmol, 1.6 eq.) was added portionwise maintaining a temperature of
approximately 0°C. The cooling was removed and the reaction was
allowed to warm to room temperature. After 1 hour, an additional amount
of N-(benzyloxycarbonyloxy)succinimide (1g, 0.2 eq) was added and the

25 reaction was stirred at room temperature overnight. The reaction was
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worked up by cooling to approximately 0°C and quenched slowly by the
addition of 13% aqueous ammonium chloride. The layers were separated,
and the aqueous layer was back extracted with ethyl acetate (3 x 20 ml).

The combined organic solution was washed sequentially with 13% aqueous

(@]

ammonium chloride (5 ml), water (15 ml) and saturated sodium chloride
(2 x 15 ml). The organic solution was dried over sodium sulfate, filtered
and concentrated. The resulting crude oil was charged to a flask with a 2M
solution of ammoma in methanol (51 mi, 101 mmol, 5 eq) and allowed to
stir at ambient temperature overnight. The reaction was worked up by
10  concentration under reduced pressure. followed by-coevaporation with
hexanes (2 x 25 ml). The resultant material was dissolved in methvlene
chloride (50 ml) and washed with water (50 ml). The aqueous laver was
back extracted with methylene chloride (2 x 50 ml). The organic extracts
were combined and washed with water (25 ml) and saturated sodium
15 chloride (25 ml), dried over sodium sulfate. filtered and concentrated to a
solid. The solid was crystallized from ethyl acetate to give 4.65 g of the

desired product as white crystals.
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20 The product from part (d) (6.01 g, 18.37 mmol) was dissolved in 1-
methyl-2-pyrrolidinone (anhydrous, 10 ml) and warmed to 35 - 40°C under
an argon atmosphere. Potassium carbonate (finely ground and dried, 12.7
g, 92 mmol) was added and the mixture was allowed to stir for 25 minutes.
A solution of the product from part (c) (9.5 g, 18.37 mmol)in 1-methyl-2-

25 pyrrolidone (10 ml) was added and the reaction mixture was allowed to

stir for 8 hours at 35 - 40°C. The reaction mixture was cooled to ambient
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temperature, diluted with ethyl acetate (100 ml) and filtered into a
separatory funnel. The mixture was washed with 1M potassium bisulfate
(84 ml) and the layers were separated. The aqueous layer was back
extracted with ethyl acetate (50 ml). The organic solutions were combined,
5 washed sequentially with water (50 ml), 10% sodium thiosulfate (50 ml)
and saturated sodium chlornide (50 m!), dried over sodium sulfate, filtered
and concentrated to an oil. The oil was dissolved 1n 50 ml. 1:1 (volume:
volume) hexane/ethyl acetate and filtered through silica. The filtrate was

concentrated to give 12.88 g of the desired product as a crude oil that was

10 used without further purification.

f)
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i
HzI\c'/K N Ne— _TCO?CH:

The crude oil product from step (e) was dissolved 1n acetonitrile (50

ml) and water (5 ml). Ammonium fluoride (3.4 g, 92 mmol) and glacial

15 acetic acid (5.25 ml, 92 mmol) were added and the mixture was stirred for
30 minutes. The reaction was diluted with ethyl acetate (150 ml),
transferred to a separatory funnel and washed with saturated sodium
bicarbonate (30 ml). The layers were separated and the aqueous layer was
back extracted with ethyl acetate. The organic solutions were combined,

20 washed with saturated sodium chloride, dried over sodium sulfate, filtered
and concentrated to an oil. The oil was dissolved in ethyl acetate (30 ml)
and warmed to 60°C. Hexane (25 ml) was added and the mixture was
allowed to cool slowly with stirring and seeding. As crystallization
occurred, hexane (75 ml) was added portionwise. The resultant solid was

25 filtered, washed with hexane, and dried to give 8.91 g of the desired
product.
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A 2 liter dried flask equipped with a mechanical stirrer and argon

inlet was charged with 1-benzylpiperazine (40 ml, 230 mmol) and toluene

(@1

(250 ml). With vigorous stirring t-butyl isocyanate (27 ml, 236 mmol) was
added in rapid dropwise fashion over 15 minutes. The product
precipitated to form a thick slurrv. The slurry was stirred over an hour to
reach 25°C. Heptane (570 ml) was added to the slurrv over 30 minutes.
The flask was stoppered and placed in a cold room (5°C) for 4 hours.‘ The
10  product was collected by filtration. rinsed with heptane (1 x 200 ml) and

air dried to give 61.0 g of the piperazine of the formula

P @)
@—-CH N N—C—NH-C(CHy)
2N — C~—NH- 3)3
N/

as a white solid.

15 A 500 mi flask equipped with 2 magnetic stir bar and a sparging
tube was charged with methanol (200 ml). The flask was cooled to 1°C
and with stirring acetyl chloride (5.7 ml. 79.9 mmol) was added over 10
minutes. The solution was allowed to reach rocom temperature and the
above piperazine (20.0 g, 72.6 mmol) was added. Palladium hydroxide on

20 carbon (8.0 g, moisture content less than or equal to 50%) was added and
the mixture was then sparged with argon for 10 minutes. The reaction
mixture was then sparged with hydrogen. After 3.5 hours, HPLC indicated
the starting material was consumed completely. The mixture was filtered
through Celite® and the Celite® rinsed with methanol (60 ml). The

25 filtrate was concentrated until solid started to crystallize (175 ml
methanol collected). Isopropy! alcohol (200 ml) was added slowly with

manual stirring. The mixture was concentrated to a solid/liquid mixture
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as a light yellow solid.

A 100 ml, three-necked flask with a magnetic stir bar and a
sparging tube was charged with this hydrochloride salt (5.0 g, 22.6 mmol)
and anhydrous methylene chloride (50 ml). 1.8-Diazabicvclo[5.4.0jundec-7-

10 ene (6.7 ml. 45.1 mmol) and pyridine (1.8 ml. 22.6 mmol) were added to
the mixture. The mixture became homogeneous The mixture was sparged
with drv carbon dioxide gas at room temperature for 1 hour.

A dry 500 ml flask with a magnertic stir bar was charged with
thionyl chloride (4.9 ml, 67.7 mmol) and anhydrous methylene chloride (25

15 ml). The solution was cooled to -10°C and dimethylformamide (0.17 ml,
2.26 mmol) was added. The above carbon dioxide sparged mixture was
added via cannula under carbon dioxide pressure over 35 minutes. The
flask was rinsed with methylene chloride (5 ml) and the rinse was added
to the reaction. The reaction was stirred at -10°C for 30 minutes. The

20 reaction mixture was poured into 0.5 M HCI (75 ml) and shaken
vigorously. The organic layer was collected, dried over magnesium sulfate,
filtered and concentrated in vacuo to give 4.95 g of the desired product as a
light yellow solid.
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triethylamine (4.6 ml. 33.1 mmol, 1.6 eq) and 4- dlmethvlammopvndme

(0.76 g, 6.2 mmol. 0.3 eq) were added. and the reaction was allowed to stir

at ambient temperature overnight. The reaction was poured into 0.5 N

HCl (110 ml), the layers were separated, and the organic laver was washed
10  with a second portion of 0.5 N HCl. The acidic aqueous layers were back

extracted with methylene chloride (50 ml) and combined with the main

organic portion. The combined organic layers were washed with saturated

sodium bicarbonate (100 ml) and saturated sodium chloride, and dried

over sodium sulfate. The solution was filtered and concentrated to give
15 17.0 g of the desired product as a crude white solid.

1)

NH

sz)k N COgH
| |

o)
H i

7N N C— N—C (CH3)
d N\ — N— 3)3
e

?,1\__/ H

The crude product from part (h) (17.0 g) was dissolved in absolute
ethanol (350 ml) with stirring. The solution was sparged with argon and
20 10% palladium on carbon catalyst (1.7 g, 50% by weight water) was added
in one portion followed by additional argon sparging. The solution was

sparged with hydrogen for 2 minutes, and then placed under atmospheric



f109%& ()-s!j3 f10%5& ()-s&l0%& ()-9:: & D F:: yWsb@! f! f1098& () -
1109 ()--!HLO%5& ()--110% & ()--!10%& ()-- 10%m®& ()--::;
71, B;b@@! ! y*L10% 5f 5& ()-: C*L10%Y

& ()-:(10%& ()-'YI09%B& ()-3%0%& ()-f#10%& ()- B, K M ;; <<<<aVK@!' 105
105 10595 10%& ()-4109%& ()- S2-10%& () -

0109%%& ()-!>0*L10%+& ()-: <l<=<a<w<z84_ =VK@!'!'B 15 November 2002
10%6f& ()-f10%& ()-!0S 109%& ()- "10% & ()-10%&' ()- 10%& ()-
<<<<9===} " VK@! ! $109%&' ()-"109%& ()-!10%& ()-F109%& ()-! 109%& ()-f!

10%&' () - f ====>K>>~ @K@@' ! 9310%&' g) -91S 10%&' ()- /10%&k ()-!Cl " (s10%& () -
(s10% & () - sS&s 10%ydfggen:pressure-(patoon)9 Iv® ddi@onalcharges b0psdiafliqin-ab0%&' () -
310%&' ()-G 10 10

10y5TL0%& () - 227- SERIPLHLBES LG BGaFRbYETS 39def o Fhay iesskiony lyns withgvierest | @1

0% & ()-10%& () - !df the3sph@@ifhe procdditre:. @HEAEE1TOW A N@HEed dHefe mdl &10%& () -
L$ 109& ()- "109& ()- 109%& ()-- 109%&

AB’ BBBBBBBbCO! ! N@P@W@}dﬂéms(()ﬁ ﬁqgna.kvsiﬁn Th 094RtipN was sparged with
5 argon for 5 minutes and filtered through a packed pad of Celite®. The

Celite® was washed with ethanol (2 x 125 ml). The combined ethanol
filtrates were concentrated to approximately 50 g and allowed to stir for 4
days. Crystals formed in the flask The crystals were filtered. washed
with absolute ethanol (25 ml) and dried to give 7.74 g of the desired _

10 product as white crystalline material. This material was further purified
by warming in 95% ethanol to approximately 40°C for 30 minutes.

followed by cooling, filtration and drying.

Examnle 194

15
The product of Examples 21. 32 and 193 was also prepared as a
zwitterion or inner salt as follows:
a)
(l? CO,H+NH>C {CH3)
2B «NHp 3)3
{ (Hach-c-o—cl—ir\r/\/”"-—-f
~—NH
20 0”

A dry, 3-necked, 12-L flask (flask A) was charged with 769.4 g of
(4S)-N-(t-butyldimethylsilyl)azetidinone carboxylic acid followed by 6L of
dry tetrahydrofuran. A separate 3-necked, 5-L flask (flask B) was charged

25  with 1537.8 g of the 10do product from Example 192 step (b) followed by 2L
of dry tetrahydrofuran. Under a nitrogen atmosphere, 4L of dry
tetrahydrofuran was charged into a 22-L flask (flask C) followed by 3.69 L
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10% u& ()-z10% U&Itlgz}x{ ablo(\)x% 2(96 The resulting mixture was stirred for 2 to 3 hours
between -20°C and -23°C The reaction was quenched by the addition of
6L of cold water while maintaining the internal batch temperature at
10  -20°C to +5°C. After surring for an additional 15 to 30 minutes to ensure
removal of the silyl protecting group. the pH was adjusted to 8.0 by the
addition of cold 6N HCI(1.69 L). The reaction mixture was transferred to a
phase splitter and the top organic layer was discarded The aqueous layer
was washed twice with 4L portions of hexane. The aqueous phase was
15 cooled to about 0°C and treated with 6N HCI (about 400 ml) until the pH
was 3.0. The batch temperature was maintained at less than 5° during
this operation. The cloudy aqueous phase was extracted three times with
4L, portions of ethyl acetate. The combined organic extracts were washed
with brine (3 x 3L) and concentrated to an oil. The oil was redissolved in
20 8L of fresh ethyl acetate. transferred to a 22-L flask. and cooled under
nitrogen. While maintaining the batch temperature at less than 8°C, tert-
butylamine was added and the resulting mixture was stirred overnight at
room temperature. The mixture was concentrated to a yellow slurry,
treated with 6L of methyl iert-butyl ether and stirred for 3 hours at room
25 temperature. The mixture was filtered and the filter cake was washed
with methyl tert-butyl ether (1.5 L) and dried to a constant weight of 805.9

g of the desired product.
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bs- 310%x& () - LAl 'f‘rlgl)uroacetlc acid (31.1 ml, 403.9 mmol, 18 equivalents) was added

dropwise to a suspension of the product from part (a) (10.0 g, 22.44 mmol)

Or

in methyiene chloride (40 ml) at between -5°C to +5°C under nitrogen.
The resulting light yellow clear solution was stirred at 0°C until less than
1% of the mono tert-butoxycarbonyl intermediate was detected by HPLC
(abourt 4 to 7 hours). The methylene chloride and triflucroacetic acid were
removed tn vacuo at room temperature. Toluene (30 ml) was added to the
10 residue and then removed in vavuo. The residue was treated with
1sopropyl alcohol (10 ml) followed by toluene (20 ml) and the resulting
solution was concentrated in vacuo to an oil. This step was repeated one
time. '
Isopropyl alcohol (50 ml) was added to the above oil (about 23 g) and
15 the resulting solution was cooled to 0°C. The pH was adjusted to0 8.5 to
9.0 by the dropwise addition of triethylamine between -5°C to 5°C (18 ml
of triethylamine was used in this procedure). N,N'-Bis(benzyloxycarbonyl)-
l-guanylpyrazole_(S.O'l g, 21.32 mmol, 0.95 equivalents) was added in one
portion and the cooling bath was removed. The mixture was stirred under
20 mtrogen at room temperature for approximately 30 hours until the ratio of
product/pyrazole was greater than 25:1 as determined by HPLC. The
solvent was removed in vacuo at room temperature to afford
approximately 42 g of yellow oil. This oil was diluted with ethyl acetate
(70 ml) and water (70 ml), and cooled to 0°C. The pH of the solution was
25 adjusted to 3.0 with 2M potassium bisulfate and treated with sodium
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71T T00 b @ (31 AR Y CHA O mA R Wbttt e pgesace (40l
VVW X$X) XGxxVb~\ : The rgsuldiffblear yellow solution was warmed to 36 - 40°C and treated
dropwise with tert-butylamine (3.3 ml). After crystallization of the salts,
the slurry was cooled to room temperature, stirred for 12 hours, then
cooled to 4°C, and stirred for an additional 12 hours. The product was
10  filtered. washed with cold ethyvl acetate/hexane (2 x 5 ml) and cold hexane

(2 x 5 ml). and dried in vacuo to give 8 g of the desired product.

15 A drv, argon atmosphere 50 ml flask was charged with the product
from part (b) (5.0 g). N.N'-Dimethylpropyleneurea (15 ml) was added, and
the mixture was stirred for 5 minutes. The system was not homogeneous
at this time. A 22°C water bath was applied to the flask, and benzyl
bromide (2.1 ml, i.96 equivalents) was added rapidly (no exotherm was

20 observed). tert-Butylamine (0.90 ml, 0.95 equivalents) was added
dropwise (the temperature rose to 27.5°C during the addition, held there
for approximately 1 minute after the addition was complete, and then
began to fall). When the temperature dropped to 25°C, the water bath
was removed and the reaction was stirred overnight (16 hours).

25 Completion of the reactior was confirmed by HPLC analysis. The reaction
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was diluted with ethyl acetate (30 ml) and tert-butyl methyl ether (30 ml).
This solution was washed three times with 5% citric acid (1 x 30 ml, 2x 15
ml) and then washed with saturated sodium chloride (1 x 15 ml). The
resulting solution was dried over magnesium sulfate, filtered and

5 concentrated i1 vacuo to give 5.85 g of the desired product as an orange oil.

C
/N
© ﬁ—h N C=N— C (CH3) 3

A dry, argon atmopsphere 50 ml flask was charged wath the product

10 from part (c) (2.5 g), ethyl acetate (35 ml), triethviamine (0.98 ml, 1.6
equivalents), and 4-dimethylaminopyridine (0.16 g, 0.3 equivalents). The
reaction was stirred overnight (approximately 20 hours). HPLC analysis
confirmed that the reaction was 99.4% complete. The reaction was filtered
through a fine glass frit and the solids were washed twice with ethyl

15 acetate. The filtrate was washed with 5% citric acid (2 x 15 ml) and once
with saturated sodium chloride (15 ml). The organic phase was dried over
magnesium sulfate, filtered and concentrated in vacuo to afford 3.46 g of

the desired product as a tan foam.
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A 12 L three necked round bottom flask was charged with 10%
palladium on carbon catalyst (30.34 g, 47.31 mmol), water (362 ml),

5 ethanol (6883 ml), and the product from part (d) (343 g). The mixture was
agitated and sparged with nitrogen for approximately 20 to 30 minutes,
then continuously sparged with hydrogen gas at 15° to 25°C unul HPLC
analysis confirmed completion of the reaction. The reaction mixture was
sparged with nitrogen for approximately 20 - 30 minutes, filtered. and the

10  filter was washed 2L ethanol/water (95/5). The ethanol/water was
partially concentrated in vacuo at room temperature to a solution of 8 to
10 ml per gram of product. Concentration gave a cloudy to white solution.

The above solution was allowed to crvstallize overnight at room

temperature with agitation (120 - 200 revolutions per minute). The

15 product was filtered and the filter cake was washed three times with 300
ml of cold ethanol/water (95/5, 0° to 5°C). The filter cake was dried in
vacuo for 10 to 20 minutes. The resulting solid was dried to constant
weight 1n a vacuum oven at room temperature to give 155 g of the desired
final product as a white solid.

20
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A. 2.5 M hexane solution of n-butyl lithium (5.75 ml. 14.39 mmol)
was added dropwise to a stirred solution of diisopropvlamine (2.02 ml.
14.39 mmol) in tetrahydrofuran (18ml) at 0°C. After 30 minutes of
stirring the solution was cooled to -30°C and a solution of (4S8)-N-(t-

10 butyldimethylsilyl)azetidinone carboxyhc acid (1.30 g, 6.54 mmol) in
tetrahydrofuran (8.0 ml) was added dropwise. The reaction mixture was
stirred between -20°C and -25°C for 30 minutes. A solution of the iodo
product from Example 192 step (b) (3.02 g. 7.85 mmol) in tetrahydrofuran
(4.0 ml) was then added over 10 minutes. After 2 hours, the reaction

15  mixture was warmed to 0°C and quenched by the addition of ice cold water
(35 ml). The pH was adjusted to 12.5 using 10% potassiurﬁ bisulfate.
After 30 minutes stirring, the solution was washed with hexanes, cooled to
0°C, and acidified to pH of 3.0 using 5N HCl. The aqueous solution was
saturated with sodium chloride and extracted with ethyl acetate (twice).

20  The organic extracts were combined, washed with brine, dried over

magnesium sulfate, and concentrated to give 1.10 g of the desired product.
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Sodium bicarbonate (0.62 g, 7.40 mmol) was added to a stirred

solution of the product from step (a) (1.10 g, 2.96 mmol) in
5 dimethylformamide (10 ml). Benzyl bromide (1.76 ml. 14.78 mmol) was
then added. After 48 hours the reaction mixture was partitioned between
ethyl acetate and water. The organic phase was 1solated. washed with
brine. dried over magnesium sulfate. and concentrated. The crude product
was purified by silica gel chromatography to give 1.26 g of the desired
10  product.

c)

N—=——=0

9 -0-CHz
|

2,
(H3C) s—-:—o-c-}-n/\/ ' o
[ 2 / \ 1}
S N N— C—C— CH—CH (CH3) 2
g N/ i
CH(CH3a) 2

The benzyl ester product from step (b) (227 mg, 0.491 mmol) and 1-
diisopropylmethoxycarbonylpiperazine-4-carbonylchloride (178 mg, 0.614
15 mmol) were dissolved in methylene chloride (2.0 ml). Triethylamine (103
ul, 0.737 mmol) was added followed by dimethylaminopyridine (6.0 mg,
0.049 mmol). After 48 hours the reaction mixture was concentrated and
the residue was partitiqned between ethyl acetate and water. The organic
phase was isolated, washed with 5% potassium bisulfate and saturated
20 sodium chloride, dried over magnesium sulfate, and concentrated. The
residue was purified by silica gel chromatography to afford 300 mg of the

desired product.
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Trifluoroacetic acid was added dropwise to a stirred solution of the
product from part (c) (300 mg, 0.418 mmol) in methylene chloride (1.8 ml)
5 at 0°C. The reaction mxiture was then stirred at room temperature. After
one hour, the reaction mixture was concentrated and dried in vacuo. The
crude product was dissolved in chloroform and concentrated. The
procedure was repeated 3 times. The crude product was then dried in

vacuo to give 297 mg of the desired product.

10 e)
|

I N N-——@ CG—CH—CH{CH3)
C,Hs 04 Y \ ; I 312
o}

CH(CH3) 2

Acetaldehyde (15.0 mg, 0.330 mmol) was added to a stirred solution
of the product from part (d) (198 mg, 0.314 mmol) in methylene chloride
(1.50 ml). Acetic acid (36 u, 0.628 mmol) was added. After 20 minutes of

15  stirring, triacetoxy sodium borohydride (100 mg, 0.471 mmol) was added.

After 24 hours the reaction mixture was diluted with ethyl acetate. One
drop of acetic acid was added and the reaction was quenched by the
addition of water. The organic phase was isolated, washed with saturated
sodium chloride, dried over magnesium sulfate, and concentrated to give

20 175 mg of the desired product.
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The product from part (e) (174 mg, 0.264 mmol) and N,N'-
dicarbobenzyloxy-S-methyisothiourea (95 mg. 0.264 mmol) were dissolved
5 in dimethylformamide (1.5 ml). Mercuric chloride (72.0 mg, 0.264 mmol)
was added followed by triethylamine (110 ul. 0.792 mmol). After 3 hou'rs.
the reacuion was dilutea with ethyl acetate and filtered to remove mercury
salts. The filtrate was washed with saturated sodium chloride. dried over
magnesium sulfate. and concentrated. The crude product was purified by

10 silica gel chromatography to afford 45 mg of the desired product.

4
NH«HC1
CO,H
HoN N/\/ /,"'—-—( ’ -
l /——\"——E‘—O-C‘-‘—CH(CH )
CoHsg Oé'_— Y __/ I 3)2

CH(CHa) 3
(homochiral)

The product from part (f) (45 mg, 0.053 mmol) was dissolved in 1,4-
15  dioxane (0.5 ml). 1N HCl (53 pul, 0.053 mmol) was added followed by 10%
palladium on carbon catalyst (15 mg). A hydrogen atmosphere was
introduced via balloon. After 3 hours of stirring at room temperature the
reaction mixture was diluted with water :1,4-dioxane (1:1) and filtered.

The filtrate was lyophilized to afford 25 mg of the desired product; (M-+H)*
20 =497.
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Following the procedure of Example 195 but employing
5 benzaldehyde in place of acetaldehyde in step (e) the above compound was

obtained and 1solated as the trifluoroacetic acid salt: M+H)~ = 559.

Example 197

Oé*——N\n/ N/—\,N——E——- {CH2) s—@

10 {homochiral)

IPENINE eyl S G
3L - - 2)5

To a solution of 6-phenylhexanoic acid (4.0 g, 20.81 mmol) and

a)

15 hydroxybenztriazole (3.50 g, 22.89 mmol) in anhydrous methylene chloride
(100 m)) was added ethyl-3-(dimethylamino)propyl carbodiimide,
hydrochloride salt (4.39 g, 22.89 mmol) at 0°C. The mixture was stirred
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@10% g O& () - YaBRsamle a homogeneous solution. The solution was slowly warmed to room
temperature over 3 hours and stirred overmight. The solvent was replaced
5  with ethyl acetate (300 ml). The resulting solution was washed with 0.25

M potassium bisulfate (pH of 3 to 4), saturated sodium bicarbonate (pH of

9 to 10), and brine. dried over magnesium sulfate, and concentrated to give

the desired product in crude form as a colorless oil.

. ﬁ @
HJ\—/I‘J—"‘C—(CHz )s
10 b)

The crude product from part (a) was dissolved 1n methylene chloride

(160 ml). The solution was cooled to 0°C and trifluoroacetic acid (40 ml)
was added dropwise. The 1ce-bath was removed. The mixture was stirred
at room temperature for one hour. The solvents were removed under

15 vacuum. The residue was diluted with ethyl acetate (200 ml). The
solution was neutralized with saturated sodium bicarbonate (pH of 10).
The aqueous layer was extracted with ethyl acetate (2 x 100 ml). The
combined ethyl acetate solution was washed with brine. dried over

magnesium sulfate and concentrated to give the desired product as a

20 colorless oil.

9]
I

L @)

A solution of phosgene (20% in toluene, 50 mmol, 26.3 ml) was
25  dissolved in methylene chloride (30 ml) and cooled to 0°C. A solution of

the crude product from part (b) and triethylamine in methylene chloride
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resulting solution was stirred at 0°C for 1.5 hours. The precipitate was
removed by filtration. The filtrate was concentrated and the residue was
purified with silica gel chromatography (hexane:ethyl acetate, 2:1, Ri=

5 0.15) to afford 5.00 g of the desired product as a white solid; (M+H)" =
323.3; IR (KBr) 1731 cm-i.
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To a solution of the benzyl ester product from Example 1(c) (150 mg,

10  0.26 mmol) in methylene chloride (3 ml) was added triethylamine (0.043
ml, 0.31 mmol), the product from part (c) (102 mg, 0.31 mmol), and 4-
dimethylaminopyridine (1.6 mg, 0.015 mmol). The solution was stirred for
3 hours and the solvent was removed. The residue was purified with silica
gel chromatography (hexane:ethyl acetate, 1:1, R¢= 0.22) to afford 210 mg

15 of the desired product as a colorless oil. (M + H)* = 859.5; M - H)- = 857.5.

e)

(homochiral)
A mixture of the product from part (d) (100 mg, 0.115 mmol),
20 palladium on carbon catalyst (10%, 30 mg), and 1N HC1 (115 ui, 0.115
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temperature for 45 minutes. Analyncal HPLC indicated the reaction was
completed. The reaction mixture was diluted with water (6 ml), filtered,
and lyophilized to give 53 mg of the desired product as a white powder.

M+ H)*=501.3;; M- H) =499.2; IR (KBr) 1785 cm-!.

Example 198
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(diasctereomer mixture)
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A solution of the product from Example 172(f) (80.5 mg, 0.20 mmol),

O

triethylamine (0.056 ml, 0.40 mmol), the product of Example 197 (c) (97
mg, 0.30 mmol) and dimethylaminopyridine (6 mg, 0.05 mmol) in
methylene chloride (1 ml) was stirred at room temperature under argon for
21 hours. The reaction was concentrated in vacuo and the residue was
taken up in ethyl acetate, 10% potassium bisulfate, and water. The ethyl
aceate layer was washed again with dilute potassium bisulfate, water (2x)
and brine, dried over sodium sulfate and concentrated to an oil (179 mg).
Chromatography of the oil over silica gel using 15% and then 25% ethyl
acetate in methylene chloride provided 122 mg of the desired product as an

oil.
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Treatment of the product from part (a) (120 mg, 0.174 mmol) with
trifluoroacetic acid in methylene chloride according to the procedure

5 described in Example 172 step (h) afforded 174 mg of the crude desired
product. '
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Treatment of the crude product from part (b) with N,N'-

10 dicarbobenzyloxy-S-methylhisothiourea according to the procedure in
Example 172 step (i) gave 204 mg of crude product. Purification by
chromatography over silica gel using methylene chloride: ethyl acetate
(3:1) gave 79 mg of the desired product as an oily residue.

—( I f
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(@]

NH3
(diastereomer mixture)
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To a stirred solution of the protected dimethyl azetidinone from
15 Example 135(f) (55 mg, 0.12 mmol) in tetrahydrofuran (3 ml) at -78°C was
added sodium bis(trimethylsilyl)amide (1N in hexanes, 0.13 mmol) and
the solution was kept at this temperature for 30 minutes. A solution of
the product from Example 197(c) (43 mg, 0.13 mmol) in tetrahydrofuran (1
m!l) was added dropwise and the resulting mixture was warmed to -20°C.
20  After 1 hour, the reaction was quenched with aqueous saturated
ammonium chloride (5 ml) and extracted with ethyl acetate (2 x 5 ml). The

combined organic layers were washed with brine and dried over
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10h"h"! ' n!"109%"h" & ()-!!nl "1090M& ()- : 1O09WE' ()- ! 109%& ()-(

| 109OEME () -8: QTY|[: K=/ 10h"h" ° 10983& ()-y 10%;& ()-y 10% ()-y L
10983& ()- 10983& ()- ( f10983& ()-&Y[p|[: K=/



10h"h" sy) Y10983& ()- sy) YL0%& ()- sy)YL10%& ()- sy)YL10%& ()- "sy)Y10%& ()-(
C10%/: & ()-y|[: K=/ 10h"h" @109%83&' ()- @109%83& ()- y1l0983& ()-

y910983& ()- F 10983& ()-( 910983& ()-|[:K=/ 10h"h" 10983& () -
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1. A compound of the formulas
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& ()-& & 10%2 & ()- &10%& ()-103103103 &3 93 1098& ()-o| [:vU4 & L10% 2
& ()-& L10% & ()-& ™ L10YESES ()- &F 10%2 & ()- f10%R& ()- &10% 2

including an inner salt therect, or a pharmaceutically acceptable salt
thereof, or a hydrolyzable ester thereof, or a sclvate thereof wherain:
R, is hydrogen, carboxy, alkoxycarbonyl, Az-aryl,

(CHz);
o o T
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I 9 Ry Rl i
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0
[
10 or —CTaTYlTS0-R, , or R1 is alkyl provided that Rq is alky! and R; is

hydrogen;
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110 or ——-C-aryl-—-soz-RL)

R2 and Ra are both hydrogen, or Rg is alkyl provided that Rsis
hydrogen, or Rs is alkyl provided that Rz is hydrogen;
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_T_(CH2 T ()
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R4 and R; are independently selected from hydrogen, alkyl,

10  substituted alkyl, cycloalkyl, substituted cycloalkyl, As-cycloalkyl, Aq-
substituted cycloalkyl, aryl, substituted aryl, As-aryl, As-substituted aryl,
aryl-As-aryl, As-aryl-As-aryl, heteroaryl, Az-heteroaryl, heterocycloalkyl, As-
heterocycloalkyl, aryl-As-cycloalkyl, As-aryl-As-cycloalkyl, aryl-As-
heteroaryl, aryl-As-heterocycloalkyl, As-aryl-As-heteroaryl, As-aryl-As-

15 heterocycloalkyl, cycloalkyl-As-aryl, As-cycloalkyl-Ajs-aryl, cycloalkyl-As-
cycloalkyl, As-cycloalkyl-As-cycloalkyl, cycloalkyl-As-heteroaryl, As-
cycloalkyl-As-heteroaryl, cycloalkyl-As-heterocycloalkyl and Az-cycloalkyl-
Ajz-heterocycloalkyl;
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alkoxyvcarbonylamino. arvioxycarbonviamino. arvicarbonylamino.
-N(alkyl){alkoxycarbonyl), -N(alkyl(aryvioxvearbonyl). alkyicarbonylamino.
10 -N{alkyD(alkylcarbonyl), or -N(alkyl)iarvicarbonvl);
m 15 an integer from 1 to 5

Y is O. S. N-R4, N-SQs-R;, [C'>
K—C—2:—Ry
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N g’N N g .CH 0—R N PZN N ‘le
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[ II
20
R7 is alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, Az-
cycloalkyl, As-substituted cycloalkyl, aryl, substituted aryl, Az-aryl, As-
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G Ussionnl 6 () 8 Si0laliad Lo SARe Lt () HASILIZE oy
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oL 4100 0 AERSS: b IS U SEIOUIR (- BAFIRICE -
10 & ()- cycloalkyl-As-cycloalkyl. substituted cycloalkyl-Ar-substituted cycloalkyl.
Az-substituted cycloalkyl-As-substituted cyvcloalkyl. substituted cycloalkyl-
As-arvl, As-substituted cycloalkyl-As-aryl, substituted cycloalkyl-As-

15 heteroaryl. As-substituted cycloalkyl-As-heteroaryl. substituted cycloalkyl-
As-heterocycloalkyl, Az-substituted cycloalkvl-As-heterocycloalkyl,
substituted cycloalkyl-As-substituted aryl. As-substituted cycloalkyl-As-
substituted aryl. heteroarvl-As-heteroaryl. Aj-heteroaryvl-Az-heteroaryl,
heteroarvl-As-cycioalkyl. As-heteroaryl-As-cycloalkyl. heteroaryl-As-

20 substituted cycloalkyl, As-heteroaryl-As-substituted cycloalkyl, heteroaryl-
As-aryl, As-heteroarvl-As-aryl, heteroaryl-As-heterocycloalkyl, As-
heteroaryl-As-heterocycloalkyl, heteroaryl-As-substituted aryl, Az-
heteroaryl-As-substituted aryl, heterocycloalkyl-As-heterocycloalkyl, As-
heterocycloalkyl-As-heterocycloalkyl, heterocycloalkyl-As-cycloalkyl, Ae-

25 heterocycloalkyl-As-cycloalkyl, heterocycloalkyl-As-subsututed cycloalkyl,
Ag-heterocycloalkyl-As-substituted cycloalkyl, heterocycloalkyl-As-aryl, Az-
heterocycloalkyl-As-aryl, heterocycloalkyl-As-substituted aryl, As-
heterocycloalkyl-As-substituted aryl, heterocycloalkyl-As-heteroaryl, Ae-
heterocycloaklyl-As-heteroaryl, substituted aryl-As-substituted aryl, Az-
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& ' 10%& ()-LPPPPPPP|[: vU410 && 10%& ()-& &@LO%& ()-& | @O0%a3F& ()- &
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&Y10%4.& () - LU U410 & j 93. 109V () - && &' - 10%&() ik
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alkyl, substituted alkyl, alkoxy, hydroxy, aryl, substituted aryl, Az-aryl, Az-
15 substituted aryl, aryl-As-aryl, Az-aryl-As-aryl, cycloalkyl, substituted
cycloalkyl, Az-cycloalkyl, .Az-substrcut.ed cycloalkyl, heteroaryl, As-
heteroaryl, heterocycloalkyl, As-heterocycloalkyl, aryl-As-cycloalkyl, As-
aryl-As-cycloalkyl, aryl-As-heteroaryl, Az-aryl-As-heteroaryl, aryl-As-
heterocycloalkyl, or As-aryl-As-heterocycloalkyl.
20 Bi, Bz and B3 are each CH, or two of B, Bz and B3 are CH and the
other is N, or one of B;, B; and B3 is CH and the other two are N.
Rs is hydrogen or lower alkyl.
Rio is alkyl, substituted alkyl, alkyl-O-alkyl, alkyl-O-alkyl-O-alkyl,
cycloalkyl, substituted cycloalkyl, As-cycloalkyl, As-substituted cycloalkyl,
25 aryl, substituted aryl, As-aryl, Az-substituted aryl, aryl-As-aryl, Az-aryl-As-
aryl, heteroaryl, Az-heteroaryl, heterocycloalkyl, As-heterocycloalkyl, aryl-



109%4.& ()-azuzzzi [1[}[|[:vU410 & &H3% 109%R0& ()-& & 910%&' ()-: &

& 910%4& ()-: & && 10%4& ()- &109%4& ()- &L0%& ()-}[I[[[[Q\|[:vu4l0 &

82109%4& ()-& &110%4& ()-& & f/10%& ()-& & 10%4& ()- & 3109%& ()- 3%

109%4.& ()-\\\\\\\\]vU410 &f 310%& ()- & S 10%& ()- &S 109R& () -

&8&109%4& ()-101101101 & 4  10%& ()-]E] ]~ __|[:vU410 & & 10%&& ()- &

8y9! 10948 ()- & &&F 10%4& ()-& & 10948289 &109& ()- &sELQMSmbEr 2002
| [NA410101101101& & F10%& ()- & & . 109%A& ()-& &Ly, : 10%& () -

& FL0%& ()- R'10%1,& ()- %4 QU p " |[: NA41010 &f SF10%8& ()-& S

109B1B& ()-&& S 109czelpaligloAgaryl-Anayglgalicyl. grvl @, HEEO@ATFA A arfl-As-

&109%4.& bb/ b| h,! 10%-& 0%4.& &
&yYSlO%(iz& ()aa&locy ’e% g%gx}{% *gﬁwff}%bﬂ%@‘ ﬁB &ny{ ( i‘t?c‘g‘%ilk%o%i& 8 & &
10%.& ()-& &S . 10%& () Rk i&slkyl GUaskithyed atkiiOMBIRIEI]: substituted cycloalkyl, A,-

1 1094.& ()->cccccecce 0%4& ()- &10%& ()-101101101& & 10%& () -
8410%4.8&" () - &310%&\{%&1% ?f[ed\?t’ﬁi&@kxl A96T00ARAL-Jubgtated BOYh &' () -

YAOf310% $ & () 5& f 3109
L>f 310%8 () - c(jélgLf M Nf gf{ %f WvU410 rrn%éty%f&' B fomar e Wihot101e
SLYY#109%4& () - &10%aBstitntedsalbyk &yciopl ksl ffubbtifurdd ostdihlicsd, X4 RWhEk(1) AL

lovaics ()71 oggl B ish B o et -

Y@ 0N @ () - & &G 0% @i dmveger WY WE VS (
F&SmM0% 9" " & () -, 9-9. 929>gQy] geghM10@ @ & & 10%&| +&&' () - R 109%&R& () -
&L10%R1&& () - &@10%R18&Kigjn mt%&i@@!&l&gﬁ() 10@1@0@1@9r g} gggggl [ M10@ @

&X 10%&, * &&' () &I 9100%&18% % S o JWVEZHEE ()-@ " 10% & ()-@ 10% 1 & ()-
Q 10%P1IQ& () - rhhhhh ToATEE & ’& ArooR, * &&' () s &S 10%&1&& ()- &%
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~—C-aryl—S0;—R, —C~N-A2=N—=C-Rq = C-N-p,-N-C—OR,
0 0
15 ~TC Ry provided that — C=R7 is other than alkylcarbonyl, pheaylcarbonyl,

substituted phenylcarbonyl, naphthylcarbonyl, substituted
naphthylcarbonyl, phenylaminocarbonyl, substituted

phenylaminocarbonyl, napththylaminocarbonyl, or substituted
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including an inner salt or a pharmaceutically acceptable salt ghereof
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@]

e Ve = D =L
T e B

R is carboxy, , )

O
il
or — C—NH—(substituted alkyl).
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Re is aminocarbonyl, — ¢~ NH(alkyl) . —C—N(alkyl),
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Y is N-Ry, N C—A3—R , N—C—A;-0—Ry
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10 Ajz1s a bond, an alkyiene bridge of 1 to 6 carbons,
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d and e are independentiy selected from zero and an integer from 1
to 6; and
Ra21 15 hydrogen or lower alkyl.
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pharmaceutically acceptable salt thereof.

6. The compound of Claim 3
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H
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10 'S CH (CH3) > : ora
pharmaceutically acceptable salt thereof.
7. The compound of Claim 3
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7\t
0 CH{CH3) 2 or

15 a pharmaceutically acceptable salt thereof.
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88109 & ()- & 109%4& ()-101101NN; O=0000 [: A4101 }1090& ()- &  Z109%&' ()-

&y  Z109%4& () - &s10%& ()- &S10%4& ()98 Gl0% Z' & () - WEORBL&MBEPRPO2A4101

& 109%4& ()- &s&L0%& ()- &SW10%& ()- 110% % & ()- &I 10%R- & ()-
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8&5109%4& ()- & 109%& ()- & - 10%& ()- VW V\}V\pAQllquI 109833& ()- &
109833& ()- & L109B33& ()- & 109833&—P. N N ’
&109333& ()- 101101} WAWWWAAIX| [ : A8110 &P 11098388 1Y~ &Y' 33& ()- °F
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i R P £t 0
‘ "()-s

9. The compound of Claim 3
NH

JL C
HoN N.H/\/ /,"n—{
AR . )_@
O/ \ﬁ/ \ / 275
0

or a pharmaceutically acceptable salt thereof.

O2H

10 10. A compoundof Claim 1 ,

" (CHp) ¢
c

=

including an inner salt or pharmaceutically acceptable salt thereof

Vg W oW Fo'

i
15 or — C—NH-—(substituted alkyl}.

wherein:

R, is carboxy,
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1109 L1] & ()- d 109®% ()-t[[[[[[[[[vU4ll @O%: ()-Z & 10%& ()-
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109%. k& ()- @ 1098 2&N=(C b%‘&‘-(-)c—ﬁrJ& 1098T23& ()-3 0 10% & ()-3 A
10%+&' () - 3PM\ Aer~AAAA| T A410X2 &3l %0YB3& ()- @& $f 9109833& ()-M
b: 10%. 0& ()- k: 1098RI(O ordhuggoges: ()- @ 109%& ()-~""6_@A B C Y | 0obU410
&S 1098& () - 1033310333;93,23, &Y 1 109@33& ()- & !1098g3& ()- & |
%409813& ()- @dl 940%5! g&"() - @ k “|T; buslo & 10%\/& ()- Q10% & ()-
Al 10968 ()- P! 10% | " L& () & 1098& () - IO&V' 10%02& () - 7 J Y'] b g }]=bu410
&Y | 1090& () -3Y" 11090 () -3Y" | 1090&' (153 ,&/ ()_f__ 2&() f
1109%-$& ()-8 h k' p° §sds amposazbepyl, W ARPE () o QA
&) 2N Y 1 1090& () -3Y | 10908 () - 3§{ 1 1090& () - §Y I10%)& ()-3Y | 10908 ()-3t"

* dDbU410
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(-3 azY8bUslQ F 3(10% & ()- FEY"3
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1011 10! FLO C—0—Aa;=—Ry N=—C—A3-C—R5 ,or

0

N—C—N  N—R,
/ )

10 R4 in the definition of Y and Xz is alkyl, cycloalkyl, substituted alkyl,
substituted cycloalkyl, or heteroaryl;

R» is alkyl, cycloalkyl, substituted alkyl. substituted cycloalkyl,

R Ra
—N_ ~CHy—N__
aryl, -(CHz)1wos-arvl, -(CHa)1eos-aryl-As-arvl, Rs or Rs .

R4

Ry 1820, —Ny(alkyl) o —N(alkyl);
15 Ro is lower alkyl;
As is a bond, an alkylene bridge of 1 to 6 carbons,
——(CH;) d—ll‘"—(CHz) e
Roy or -(CHz)d—O'_-(CHQ)e_
d and e are independently selected from zero and an integer from 1

to 6; and
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F&10%VME! () 101 F2f 109& g& 2t Yt et kttuuL[ vU410 FE 100 () -

10%& ()-F F 10%%&'??‘:@%% 2698 grephofgihe)form

FOf 10%VMVE' () - UWWWXXXXX{ 1010f F10f 10f 10% &' () FD 10%vM& () -!

109%&' ()- F 10%vkEME () - 2 CO,H

109& () -xxyzz2{Z{| Z8 %01 | * 10 ()-1 FLOY%XSX& ()- 410% ()- ~10%&' () -

109R& () - F9109%88s& () vZ{{|-}}}t+zY8MaB1010 @10%& ()- °~ @ 10%& ()-
@ 109B& () - - Flo% 109 )‘1\! 410%Yalk Ql P~ ~ ~a~b~~~~uT310 F
@10%&' ()-, ( FO10%! & (Me6! P3 Y10%! X&) - M0S< Eg

@ 10%<s& () - 6P @ 10%& ()-~~~~~ q[:}T3T0 F Flot)/«ar&cqmz F3

12. The compund of Claim 10 incuding an wnner saltor a

pharmaceutically acceptable salt thereof of the formula

.. ’ 5
; CH,)
o&»——-—N\ﬁ:/ N— O~ (CH,

0

10
13. A compound of the formulas

Rs R
HoN—~ C—2A1— R;

N
V4

X
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F 10% & ()- =PUgy{ ZOM@B1010 F F1

i
HoN—C—NH—(CH;) 5] Ry

g N
O/ N

including an inner salt thereof, or a pharmaceutically acceptable salt
thereof, or a hydrolyzable ester thereof, or a solvate thereof wherein:

ALR,R/, Ry, Ryandq  gre a5 defined in Claim 1;

Lyt
- 25
X1 and X3 are L/ ;and

Rss is a spacer terminating in a lipophilic group.

14, A compound of Claim 13 wherein Res is selected from the group

consisting of
o O
— NH—(CH3) , T_ '

CHj;
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& ()-s S10% & (TO—(¥lave f—e(m(m £ 9100 () -

uLy10%J& () - Hdr { Z9t S210 F F( - ()-s FFOS9%& ()-s mMo% & ()-3 F
mo%: ()-3 Mo N &'() 3 0%&'() sr}{YK=/ 309 1000

1000! @10%08&’ () - SU._@a0% () 0%&'() s

F(10% () - s{ Y8K=/ o5 B G0

—=N~(CH3 )TO—@ ,
| - (CH3) 3
CH;
N—(CH, )
-NH—(CH3) 2H _H

~——0—(CHy) :
5 and
15. A compund of Claim 14 wherein

Resis

10 16. A pharmaceutical composition useful for treating and/or

preventing medical conditions in a mammalian species related to
tryptase, thrombin, trypsin, Factor Xa, Factor VIIa, or urokinase-type
plasminogen activator comprising an effective amount of a compound of
Claim 1 including an inner salt or a pharmaceutically acceptable salt

15 thereof, a hydrolyzable ester thereof, or a solvate thereof and one or more

pharmaceutically acceptable carriers.

17. A pharmaceutical composition useful for treating or
preventing asthma or allergic rhinitis comprising an effective amount of a

20 compound of Claim 1 including an inner salt or a pharmaceutically



109 ()-!'F 10% & ()-!'0f10%-& ()- gf 109%& ()- Ff109%& ()-

FO109& ()-')BJal {Z9K=/ 100 &10%)& ()-s n&LOY%& ()-s f10% & ()-
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F, YO40% & ()- 10%p#& ()- FF 109% & ()- F3109%& ()-$' (|[:-/10 Fs&10%& () -
m0@o0%e' & ()-3 F 0@0%4& ()-3 F&LOY& ()- 2 p-109% () -

F-109& ()-()*. W@ 10 F'F S109&2Z& ()- ' 9t10% & () - ﬁsgfq%%g& $002 FL10%Z
7& ()- F 910% Z& ()-10101>zY8@ 10 V &L0% Fj & ()- 310% 0% 10%

& ()-MF 3109%ZZ& ()-M S10% (& ()- 0% & () - >]{Y8@10

yf/ 1098 ()-! Fy f/10°/<ZZ& ()-1yf/10%H& ()- ? &10%8 S& ( V &10%F=& ()- 7

O ) S R e Al PR e

and one or more pharmaceutically acceptable carriers.

18. A pharmaceutical composition useful for treating chronic
5 asthma comprising an effective amount of a compound of Claim 3
including an inner salt or a pharmaceutically acceptable salt thereof and
one or more pharmaceutically acceptable carriers, said composition being

adapted for inhalation administration to the bronchioles.

10 19. The composition of Claim 18 wherein the active agent is of

the formula
NH

HZN)L NN 0, CO;H
H
[ /N

7
<
/L——x N~ M= (- (CH3) 3
0

including an inner salt or a pharmaceutically acceptable salt thereof.

15 90. A compound of the formula
N—P1
i CO,2
Hl?— C—N—(CHy) q————r
Py H S
7N,
2

wherein Xz and q are as defined in Claim 1;

P; is an N-protecting group; and

Z is benzyl or benzhydryl.
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including an inner salt or pharmaceutically acceptable salt thereof
5 wherein X, and q are as defined in Claim 1, which comprises:
a) reacting the compound of the formula

N—FP1
Il CO,.H

HN— C— N— (CHy) g
| H

O/

wherein P is an N-protecting group with an alcohol of the formula
HO-Z
10  or with a bromide or iodide of the formula

Br-ZorI-Z
wherein Z is a protecting group selected from benzyl or benzhydryl to give
the compound of the formula

N—P1
il COLZ

HN— C—N — (CHy) q-———r
| H

7
15 0 ;

b) reacting the product from step (a) with an acid chloride selected

(CH3)
) ﬁ l'—:J 2/m

i Cl—C—N-| :
from CI—C—Ry | Rg
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10

15

OO
_Tarvvwio b 210%30&' {z(%d
FL10%8! S& () - 105+§5105,51065 5&'

%8 ()

C 1 &of

Glae. F10%8! S& () -)

- vUAIDYb F$&10%8! S& ()- F F
| Sg T~ RSs 109451 S& () -

& ()58 ¢ - 10%K! k& ()-
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1 3. 1094 r
e 109%&(()-j F FOK1098B-S&~ W % F31

AYny| [ : _QOL (@l
1000 & ()(§§‘2)w 3

)

Ro
Il il 7 0
Cl—C—CH;—=0—R10  Cl—C—NH—S0,~—R; . Cl=C-N—A;—N—C—R4

il
Cl—-—SOz-R',,Cl—- C-—alkyl~S0;,—Ry , Or Cl—C—aryl—S0;—Ry or

OCN=—-SQz~

reacting with R7 to give the compound of the formula

N-Pq
0l C0,Z
HN— C—~—N—(CHzy) q-——_—'r
1:" I
1 H
/r——'N
g X,

wherein R4, Rs, R7, Rs, Rg, Rio, v, w, 0, n, m, Bj, Be, B;, and Az are as defined
in Claim 1;

c) treating the product from step (b) to remove the Z protecting
group and the P; N-protecting groups to give the desired compounds.

22.  The process of Claim 21 for preparing the compound of the

formula
NH
HzN/lLII}I] AN, COzH

@]
N / \ 1l
Ve . N~ C-N—C(CH
o7 c N ] u (CH3) 3
0]
or an inner salt or pharmaceutically acceptable salt thereof which

comprises:
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@- CHp— O— C—=N
0 )\ NN, COgCHz"“@
NH

1]
@—— CHp— O- C—N
H

b) reacting the benzyl ester product from step (a) with the carbamoyl
chloride of the formula

&
O/

.
b

0 o

. o /\

Cl—C—N  N-—C=-N-— C{(CH;);
./ H

10 to give the azetidinone of the formula

O
fl
O

/l\ A~ e
@ty ™~
""‘"bK"/ N—C—-N-—C(CH3)3

N

and
c) treating the product from step (b) with hydrogen in the
presence of palladium on carbon catalyst to remove the benzyl ester and

15 benzyloxycarbonyl N-protecting groups and give the desired compound.
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F@ 109X & ()-Z L& 10%: ()--1& 10N&R¢)-- F 9%0%X XOE C()-Z 1 109K
& ()-2| | pdX710:1: F310% & ()g @;Lg(ﬁ@ Eﬁo ()- FO109
& ()- F. 100K & ()-Nr|[:dXFl0: - | Frioosg |()- !F910%&() F F910% & ()-
...d.X

W-10% ()- F ,-10%' ()- ) sf10% &%¢)- F)Ow 0:1: F603"310% & ()- Ff
10% & ()- F10% & ()- Fz10% & ()- ,yz10%WN

Fx, yz10% & ()-O[ry|[: dX710:!: F@M 10% & B9 & ()- @Fo0, 10%& ()- @F
L*210% & ()- F( W) 3 3109778 () - | BvUbi0: HLzloosk: ()-T Ff10% & () -
FO10% & ()- 10! 101101 PAf710% & ()- FY 4 10% & ()- RW|[:vUA10: F

FL109% & ()-F F109% & ()q dnd¥; k0868 defineI0TIAM &; @hd WLZ109DD& () - T

' LZ710%: ()- Trad| {Z9vU410: ~F ! f109%& ()- Fy8109% & ()- F3*10% & ()-
FIGL0% & ()- BQ GLO% IR i6 pagNmieGEoting' grpup] | [ vUA10: >, 910% & () -
FITL0% & ()- 1& 10% & ()- & 10% & ()- F &

24, The compound of Claim 23 wherein:

/ \ 1l
Xiis —C~N N—C—-I;II——C(CH3)3 ;and

0
. i
Piis —cC- o—cnz—©
10 .

25, A compound of the formula

N—Pl
COp— CHZ—@
HyN— c—-l;l-(CHz)q —f

P
1 O/L___ NE

wherein
q is an integer from 1 to 6; and

15 P1 is an N-protecting group.

26, The compound of Claim 25 wherein:

qis 3; and

0
. It
Piis —C-0—~CH;



10% & ()- *7& 10% & ()-|[:vU410:  y$' 109% F & ()- 0%’ 109" & () -

F$' 1098 & ()- d$' 10941& ()- i9109%66& ()- F0910% & ()- 2exWs) 10! FS/

109 & ()- FIS/ 109%& ()- FS/ 109& ()-!S/ 10% & ()-!C+109%!& ()-!N+10% I

1 & ()-!2Yj a@0! F Fs, ml0% & ()-!BJ10%In& ()- F\ 109k& ()- F10% & () -
F1098 & ()-10! 10! 21 bd| [ 9@.0! 1098 B & ()-s q 9010% & ()-s FLO%& ((%555

F10% & ()- F10% & ()- Fz10% & ()- dg 3d8 @O0! ! - OF( 1a%Noyember2A@®, & () -
F$I 1098 & ()- FSHMLO% & ()- FL! 109 & ()- Fl,#10% & ()- N [OC7! 10{ 010{ 10{

'0210% & ()-  J210% & ()= 1008 & ()- F @ 10% & ()s.F
10% & % ) - 5521:| [: OC7TR7L W Broghas @EP(SHar@g ﬂi"o‘%ﬂ&"‘(‘?g o ttle fipmpla, ()-

FO' 10% !: & ()- FF 310%!:& ()- F910%!:& ()-3c%[:O0C7! 1 F@10%:& ()-I
F1 10%!:& ()- gqFl0%e& ()- /F109%& ()- FY10%!:& ()- F

10% ! : & ()-9QM{z80C7! !,/ 10%& Fs-10%!: & ®- B+10%!: & ()-
@10%& ()-1!a@10%) WJ W& (e, l— Q%_'('C&'z@_-.l ALENEB! 10:1:10:1:10: !
FO@o0%': & ()- F,8

#—N

O \X._

or an inner salt or pharmaceutically acceptable salt thereof wherein q and

5 Xzareas defined in Claim 1 which comprises

a) reacting the azetidinone of the formula

CO.H
C1- (CHp) g

O/L"—‘—N—P3

wherein Ps3 is a silyl protecting group with benzylchloroformate in the
presence of triethylamine and dimethylaminopyridine to give the

10  compound of the formula

COp— CHZ—@
Cl—(CHy) q"'"—_r

= N—-P3
&

b) treating the benzyl ester product from step (a) with sodium
iodide to give the compound of the formula

CO,—CH
I—<CHz)q————T 2 2_@

———N-P3
o/
15 c) reacting the iodo product from step (b) with the diprotected
guanidine of the formula
N—P,

Py—N—~ C—NH3



10%1:& ()-!",/10%W& ()- OE,/10% c & ()- ,/10% ()-"tz| ZIMB! 10
10%‘()-!(2) 10%r <r & ()- F 10%& ()- F 108 & ()- 2 10% & ()- |
FYL0% & () -3 S{ZOM@! 10 F10% & ()- F109% & ()- F&I10% & ()- F310%& ()-!
109 ()- RSO 10%! & ()-$DL|[: MG!10 F*10% & ()- FF(m0% & ()- |"m 10%
& ()- FOI"m10% & ()- F3 1048 & ()- F 910% & ()- .Ym{Z9, 310 F610% & ()-

5' 109 & FS 3y10% & ()- |s-10% &309--! 3l s- 10% ber 2002
E+GlO%& (§)nop#( bA310 F E 10%! & ()~ 61O () - F &&%N"g&;@; v
E, '13%%&(9 F10% g‘l‘/ﬁh%a@nd&f%%"ﬁ&"%‘dﬁ%5%91 - “rdg| [ A310
FOL* @0%! & ()- F3 (F10%! & ()- F3 &mlo%e! & ()- F cy@10%3! & ()-
FS#10%! & ()- 2 5010%& ()-$p vU410 F 10% H1& () FI0% H1& ()-

Ff 310% +! f & () - FLO&IRke! 10e' Fl 0109 10%! & ()- /LV|[:vU410 F
103&&() F ngg % /K& ()- " 109B+ B& ()- 9
f 10%rY& () - ?—Lmo Fy 16 Xf ()-l)y 10%1 & ()- FF 109% + f& ()-
F10%+!f&'() F3 910%x!f& ()- [F_ 1096+ f& ()-OBS|[:vU4l0 F

0y109% +! & ()- F."109% +f& () F(1 7 ] f& ()- (109%& ()- FY & 1096+ f& ()-
F 9%10% +!f & ()-S] nopqyX71 Fs
wherein P; is an N-protecting group;

5 d) reacting the aztetidinone product from step (c) with

ammonium fluoride to give the azetidinone of the formula

P

N—pP
oot COZ—CHz—@
HyN— c——ll\T— (CHy) q——r
NH

&

¥

e) reacting the azetidinone product of (d) with an acid chloride

(CH5)
o |l

ﬁ Cl—C—-—N—I 7
selected from Cl™—C—R7 Re
B
o (CH. 1\
<CH2>‘\ I/
I ( Cl—-Cc—N | e
Cl—C"—N B '
_/ (CH]) n =2
10 (CH o Bj

0
|

Il
Cl—C——CHy;—0—Ry; Cl—C—NH—S0,—Ry

i P ]
Cl—C~N—A;—N—C—Ry ) Cl—C—alkyl—S0,—Ry ,

T T Fo
Cl—C—aryl—$0;—Ry Cl~C-N—A;—N—C—O0R,

or €17=502"R7_or reacting with O“N5%27R7 wherein Ry, Rs, m, v, w, Y, o,
15 n, By, By, Bs, Rs, Re, Rio, Ri and A; are as defined in Claim 1 to give the

compound of the formula



S10% & ()- Fs& 104 & ()- F@O0% & ()- 10f+ f10f+ f10f + f FO S2&109% +! f & ()-
. S28109%IN& ()- N [:yX710 F10%& ()- F 10%& ()- F@O0% & ()-
FS10% & ()- 9%40% & ()- 010% & ()-' *5IK|[:yX710 F3 "10% & ()-
TS10%!& ()- Fs10%& ()- W S10%DE ()- "s10% a& ()- F10% & ()-|Z9yX710
$0I *g109% & ()-!1*gl0%Y& ()- |*gl0% ()- F)10% & ()- F ' 10% & ()-

F#109% & ()-$grst uvU410 F&10% & ()-( FAD98 & ()- ' 10! 1044 NovBRRYER0Q) - F3
10% & () - FI*glO%&() 6t xWVU410 FsS10% & ()- F 10% & ()-! 109%0Q% ()- @
10%! d&' ()-@ 109%,1,& ()-@1 10%& ()-@V: {29vU410 F_10% ()- FY

10% & () - F@lO%S& () H $ sk ()-H 05109 18 ( & ()-: <f{Z8vU410
16 9*10%LE& ()- 7_9*10%i{lc—N-SCIRIf @*100%« - FF(10% & ()- "
109%& () - ?| 0bU410 TI 10% & ()- 1b! 10! 10! N & ()- F610% & () -

F5,10% & ()- FL310% & ()-)|[:bt810 T F l& ()- F 104 & ()- T L3 10%&: ()-
EL3 10%! h& ()- L3 10%& ()- F @0% &X)- ) %[:buzuo T F$310% & () -
@0%R2& ()- 9@0% & ()- FA0%& ()- F,109% & (- Ft109% & §§#0€27D) [ bUs10 T
F S210% & ()- L)10%x& ()- VIL)109% & ()- L)10%& ()- F3(10% & ()- Fly&
109 & ()-vU410 FL10% & ()- F10% & ()- 10! 10! 10! Fs9rml0% & ()- 5S10%K X& () -
F o A0%& () 55LZ Pl vUBAGReRL

FOL10% & ()- FF slop/é& 0)- %&ﬁbeﬁeﬁﬁg@%ﬁoﬁ@e})@@% %% (-6

f10% ! & ()-G h¥RAA%nd Piprd%edtmg grops 44 i0saRe dpsi®dbBplodiddd.0 F
&10%j & ()-5F F&L0% & ()- r&L0%0& () -

28.  The process of Claim 27 for preparing the compound of the

formula
NH

HzN)LN/\///"- CO,H
H ‘ 0]
/N

7N N N— C-N— C (CHj3)
2 \ ; H 313

0

0

o

or an inner salt or phramaceutically acceptable salt thereof which
10 comprises

a) reacting the azetidinone of the formula

1, CO.H

with benzylchloroformate in the presence of triethylamine and

15 dimethylaminopyridine to give the compound of the formula

CH

7N
o ?l—C(CH3)3
C

Hj



L10% & ()- yL10% & ()- F L10%& ()-BDHh|[:vU410 Fr 'T10%! & ()-F F
"TIOW & ()- G 'TI0%' ()- F #10% & ()- L#109%R& ()- &10%g Sq

& ()-94?Q [:vU410 F "010%&' ()-F @10%!z& ()- FFO109%& ()- F3.10% & ()-3 F
*10% & () - *10% 1 & ()-GvW410 F 108 & ()- F10%8 & ()- F 10% & ()- 10! 10! 10!
F3 :10% & ()- F3 910%W & ()-ACe{|[:vU410 F F,L10%B & ()-F FxF10%B & ()-F
FI0% & ()- Ft10% & ()- F10% & ()- FSIPM & ()-Q[:vU4ig NoeKEd&Boux ) - F
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-5@R 5 guanidine of the formula

0
I
IT—C-O—CHQ—@

I
@—C‘Hz— O c—leJ\NHZ
H

to give the azetidinone of the formula

0
||
@— CHy— O— C— )IN\ et pC0CEs —-@
| o=l—n_1"
L Si—C(CH)3
-0-CH ——@
Il 2 CHj
O
10 d) reacting the azetidinone product from step (¢) with

ammonium fluoride to give the azetidinone of the formula

0
@— CH,— O~ ICIZ—/II\]I\ /\//,,,,,_‘ COzCHg—@
HyNT N —-r
O=l—nNH
G=0-CHj —@

O ;

e) treating the azetidinone product of step (d) with the

carbamoyl chloride
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and
5 £ treating the azetidinone product of step (e) with hydrogen in
the presence of palladium on carbon catalyst to remove the benzyl and

benzyloxycarbonyl protecting groups and give the desired product.

29. A process for preparing the azetidinone compounds of the

10 formula
N=-—-P1

I
Hzlxz— c—N—(CHy) q———T

51 ——NH
&

COgH

or an amine salt thereof wherein P, is an N-protecting group and g

is an integer from 1 to 6 which comprises:

a) reacting the diprotected amine of the formula
P1 \NH
15 24
with the alkyldihalide of the formula
Cl-(CH2)¢I ;

to give the chloro compound of the formula
P
P



#$ &'

10

15

()
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b) treating the chloro product from step (a) with sodium iodide
in the optional presence of base to give the iodo compound of the formula

Py

7

Py

N— (CH?_ ) q—I
c) reacting the 10do product from step (b) with the silyl protected

azetidinone of the formula

COzH

l

wherein P3 is a silyl protecting group to give after removal of the P3

protecting group the azetidinone of the formula
P

\N—(CHz)q |
P/
1

S NH
O/

4 ~F3

0

CO2H

which may optionally be isolated as an inner salt; and

d) treating the azetidinone product from step (¢) to remove the

P1 protecting groups and reacting the resulting compound with the
diprotected guanylating agent of the formula

N—P]_

|

Pi=N—C-L
H

wherein L is a leaving group such as methylthio or pyrazoly! to give the

desired compound which may optionally be isolated as an amine salt.
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il
{ (H3C) 3—~ C— Q00— C‘}NH
2

with the alkydihalide of the formula
Cl-(CHy)s-1

to give the chloro compound of the formula

il
[ (H3C) 3~ C— 0~ C+N—(CH;y) 3—C1
10 2 ;

b) treating the chloro product from step (a) with sodium iodide

in the presence of base to give the iodo compound of the formula

0]
I
[ (H3C) 3—C—O0—C+N—(CHy)3—1I
2

15 c) reacting the iodo product from step (b) with the silyl protected
azetidinone of the formula
CO,H
CH
aN

0 T*i——c (CH3) 3
CH4
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to give after removal of the tert-butyldimethylsilyl protecting group the

azetidinone of the formula

(H3C)y 3~ C—0~—C+N

~
&4

[ Tl o~ o0

S—NH
O/

which may optionally be isclated as an amine salt; and
5 d) treating the azetidinone product from step (c) with
trifluoroacetic acid to remove the tert-butoxycarbonyl protecting groups and

reacting the resulting amine with the diprotected guanylating agent of the

formula

i
@'"CHz—O—C—%\T
Q A _N
@—CHZ—-O-C—N 1\17 \l
H

10  to give the desired compound which may optionally be isolated as an

amine salt.

31.  The process of Claim 21 for preparing the compound of the

formula

NH

HzNJLN/\///'* COH
H ' ' 0
N\

7N _N N=—C-N-— C(CH
7 ¢ | ] o (CH3) 3

15

@]

or an inner salt or pharmaceutically acceptable salt thereof which

comprises:
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a) reacting the compound of the formula

(Oy—ssmomdy ﬁ

0 e
/,,
@_-CHz"O— IC-—N N/\/ H3N~C (CH3) 3
H

!

with benzyl bromide in the presence of tert-butylamine and N,N'-

dimethylpropyleneurea to give the benzyl ester of the formula
0
@rest
CHy O~ C—N
‘C‘) /Ik N/\//,I’-‘ COzCHz——@
@—- CH,—oO-c-N" H l

H

b) reacting the benzyl ester product from step (a) with the carbamoyl
chloride of the formula

. i /~\ (CHo)
Ccl—C— N~ C~N— C(CHj3) 3
\__/ u

10 to give the azetidinone of the formula
O
il

@_ CHy— O— C= IN C02CH2—‘@
o)
il J\ /\/ I”"-.
{ : a— o—C-N7 N ‘ 0
CHa— N7y l

|
7 N  N—C—N—C(CHj) 3
0 N\“/ \_/ H

0

and
c) treating the product from step (b) with hydrogen in the
presence of palladium on carbon catalyst to remove the benzyl ester and

15 benzyloxycarbonyl N-protecting groups and give the desired compound.
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32. A compound of the formula

(CH) ¢
Pl""'N
\/\ CO,7Z
(CH,) u——-———(
Y N.
¥ N

wherein X, t, and u are as defined in Claim 1;
P; is a N-protecting group; and
Z 1s benzyl or benzhydryl.

33, Aprocess for preparing compounds of the formula

N (CHa)e
I

e C N/
2 \/Q( CHa) u———(

/“""’N

including an inner salt or pharmaceutically acceptable salt thereof which
comprises:
a) reacting the compound of the formula
(CHa) ¢
P;—N

COQOH
A (CHz) u——r

//*-——'NH
(0)

wherein Py is the N-protecting group t-butoxycarbonyl with an alcohol of
the formula

HO-Z
or with a bromide or iodide of the formula

Br-ZorI-Z
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wherein Z is the protecting group benzyl to give the compound of the
formula

(CHy) ¢

Pp— N/
\/Q( CHj) u——r

l——NH
0

CO,Z

wherein t and u are as defined in Claim 1;

b) reacting the product from step (a) with an acid chloride selected

(CH)
ﬁ o |

Cl— C—N-‘ 7
from Cl—C"'R7 , R5
(CHz) By
0
(CHa) ¢ T/ X
ﬁ ( \ cl—C— I I Rg
Cl—C—N JY %, ,
=
g oy (CH;) n B

Cl—C—CH;—0—Ryp l

I | PrR
Cl-C-N—Ay—N—C—Ry Cl-C-N—A;—N-—C—OR4

i
10 Cl—S0z-Ry Cl—C——alkyl~S0;—R7 o Cl—C—aryl—S0;—R7
reacting with ON""502=R7 {5 give the compound of the formula

(CHz) ¢

Pr—N

\/\ (CHy) u——r

)
0 N\xl

CO.2

wherein R4, Re, R7, Rs, Re, Rig, v, w, 0, n, m, By, Bg, B3, and Az are as defined
in Claim 1;
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c) treating the product from step (b) to remove the P protecting
group;
d) reacting the product from step (c) with the diprotected

guanylating agent of the formula
il
P1~-N-—C—L
H

wherein L is a leaving group such as methylthio or pyrazolyl to give the
compound of the formula

N-p; (CH2)e
I

P N—C N/ >
—N— o
H CO,Z
\/\(CHz)u 208

; and
e) treating the product from step (d) to remove the P; and Z
protecting groups and give the desired final product.



