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Back:around Of The Invention Han in U.S. Patents 5,037.819, 5.110,812)
a.175.283. 5.250,677 and 10 a326,863 discloses
3-guanidinoaikyl-2-azetidinones of the formula - W F~ Fi Z3- N- C- A -
CFi-- ( CHZ ) ; - C~ _ _ _ N ~X wherein: I5 U and Vf are independently
selected from hydrogen and amino protecting groups; 



n is an integer from 1 to 3; is hydrogen) trialkylsilyl, arylsulfonyl)
amino substituted aryisulfonyl, alkyisulfonyl, arylaminocarbonyl,
alkylcarbonyl or 20 arylcarbonyl; Y is hydrogen, arylalkenyl) arylalkyl)
formyl, carboxy) alkoxycarbonyl, acyloxy, arylthio) arylsulfinyl,
aryisulfonyl, alkythio, allrylsulfins I, alkylsulfonyl, arylaminocarbonyl,
Q -- C-NH- CH2- C- OR , or i~r~~~~o~   2 15 November 2002 R' O 11 _"" C..
rZ ~ CHz ) m R is hydrogen, alkyl, or arylalkyl; m is an integer from 1 to
3; and R' is hydrogen or -COaR" wherein R" is hydrogen) alkyl, or 5
arylalkyl. Han further discloses that the above compounds wherein: U and W
are hydrogen; X is arylsulfon31, amino substituted arylsulfonyl,
alkylsulfonyl, aryiaminocarbonyl) alkylcarbonyl, or arylcarbonyl; and 10 Y
is hydrogen, arylalkyl, carboxy, alkoxycarbonyl, acyloxy, arylsulfonyl,
alkylthio, alkylsulfonyl) arylaminocarbonyl) R' p O O - C- NH- CH2- C-- OR
, Or --- C'_ ~~~ C CH2 ) m . R is hydrogen, alkyl or arylalkyl; R' is
hydrogen or .C02R,N ; 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, vitro, or alkyl and defines "amino" as
unsubstituted or substituted with one or 



two alkyl radicals.   15 November 2002 Summary Of The Invention This
invention is directed to the novel beta lactam compounds of 5 formulas I)
II) III, IV) and V shown below and to the use of such compounds as
inhibitors of various in vivo enzyme systems including tryptase, thrombin,
trypsin, Factor Xa, Factor VIIa, and urokinase-type plasminogen activator.
This invention is also directed to the use of the compounds of formula VI
shown below as tryptase, Factor Xa) Factor VIIa, and urokinase-type
plasminogen activator inhibitors. Compounds of this invention include the
formula: 10 INH R3 R2 H2N- C-A1 R, N o ~X1 wherein: R~ is hydrogen)
carboxy, alkoxycarbonyl, Aa-aryl, 15 ~(Cx2)~, 0 _ ~_N _,J , o '- ~R~ , R6 -
C- O- R~ ii ~(~2)~1 - C' N ~.( CH2 ) W O "_ C-~2-~"Rlo C ( CHZ ) o _~l- ~ C
i $2 (CHy)n 3 0 R9 R9 O - C-N-A2- N-- C-R~ - -SOz-R7 ,   4 15 November 2002
0 0 -C-aryl-SO  - C-alkyl-SOZ-R~ I) 2 R~ -C-N-A2-N-C-OR4 , , or , or Ri is
alkyl provided that Ra is alkyl and Ra is hydrogen. 



Rz and Rs are both hydrogen, or R2 is alkyl provided that Rs is hydrogen)
or Rs is alk3'1 provided that R2 is hydrogen. 5 to (CH2)m O (CH2)v1 0 X~ is
^ ~~R~ C N R~ ~ - C- N , , ~(CH2)w~ ( ~a ) o Hl ll / ~ R _ ~._ ~, / H2
~ccn~ ) n B3 I -C-alkyl-SOz-R~ 0 O - C_a~,l..-S02_R~ - C--CHI- p-Rio , 0 lI
-S02-8; ~ -C-NH--502--R7 II RI 9 R9 O p ~; 5 [R9 O - C- N- AZ- N- C- R4 ~
or -- C- N-A2- N- C-r ORS -(CHZ)P- - (CH2)= A1 1S ' `(CH2) s 15 -~z-(CH2)Q
-~ (CH2)x R ~ ~ ( ~z ) s 20 / ( CHZ ) -N\ ~\ (~2)u'  -HN-CH2-, -HN-(CH2~2,
or -HH-(CH2~6R4 and Rs are independently selected from hydrogen, alkyl,
substituted alb-yl, cycloalkyl, substituted cycloalkyl, A2-cycloalkyl,
Azsubstituted c~ cloalkyl, aryl, substituted aryl, A2-aryl, AZ-substituted
aryl,   5 5 15 November 2002 aryl-As-aryl, Az-aryl-Aa-aryl, heteroaryl,
Az-heteroaryl, heterocycloalkyl, Azheterocycloalkyl, aryl-Aa-cycloalkyl,
Az-aryl-Aa-cycloalkyl, aryl-Aaheteroaryl, aryl-As-heterocycloalkyl,
Az-aryl-A3-heteroaryl, Az-aryl-Asheterocycloalkyl, cycloalkyl-As-aryl,
Az-cycloalkyl-As-aryl, cycloalkyl-A3cycloalkyl,
Aa-cycloalkyl-As-cycloalkyl, cycloalkyl-As-heteroaryl,
Azcycloalkyl-A3-heteroaryl, cycloalkyl-A3-heterocycloalkyl and
Az-cycloalkylAs-heterocycloalkyl. Rs is hydrogen, alkyl, substituted alkyl,
cycloalkyl, substituted 10 15 cycloalkyl, A2-cycloalkyl, A2-substituted
cycloalkyl, aryl) substituted aryl, Az-aryl, Az-substituted aryl,
aryl-As-aryl, Az-aryl-As-aryl, heteroaryl) Azheteroaryl) heterocycloalkyl,
Az-heterocycloalkyl. aryl-As-cycloalkyl, Azaryl-Aa-cycloalkyl,
aryl-As-heteroaryl. Az-aryl-As-heteroaryl, aryl-Asheterocycloalkyl,
Az-aryl-As-heterocycloalkyl, carboxy, alkoxycarbonyl, 



R4 O R4 _ li / aryloxycarbonyl, - o-~ R ' R5 alkoxycarbonylamino,
aryloxycarbonylamino, arylcarbonylamino, -N(alkyl)(alkoxycarbonyl),
-N(alkyl)(aryloxycarbonyl), alkylcarbonylamino, -N(alkyl)(alkylcarbonyl),
or -N(alkyl)(arylcarbonyl). m is an integer from 1 to 5. Y is O, S, N-R,~,
N-SO~-R,7) ~~`~3~R' 20 Q Q N-C-Ag-O-R7 ~ N-C-O-A3--R~ o _ o _ o N-'C-NVN-Rq
N-C-~N-IC-R~ , ~ II ~J N-C-A3-C-R~   0 0 II n 11 N-C-N~ -C-CH2-'-O-R~ 6 15
November 2002 0 0 II /"'-'~ II N-C-N~ - C- p-R~ , 0 O /~ 101 or N-C-N~
N-C-C-R~ . 5 10 15 20 25 R~ is alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, A2 cycloalkyl) Az-substituted cycloalkyl, aryl,
substituted aryl, Az-aryl, Azsubstituted aryl, heteroaryl. Az-heteroaryl,
heterocycloalkyl, A2heterocycloalkyl, aryl-As-aryl. Az-aryl :43-ary l,
aryl-As-cycloalkyl, Ai-arylAs-cycloalkyl) aryl-As-heteroaryl,
A2-aryl-As-heteroar51. aryl-Asheterocycloalkyl, A2-aryl
_A3-heteroc3rcloalkyl) aryl-As-substituted aryl, Aaaryl-As-substitued aryl,
aryl-As-substituted cycloalkyl, Az-aryl-Assubstituted cycloalkyl,
cycloalkyl- A.~-cycloalkyl, Az-cycloalkyl-As-cycloalkyl,
cycloalkyl-As-aryl, Az-cycloalkyl :4s-aryl) cycloalkyl-As-heteroaryl)
A2cycioalkyl-As-heteroaryl, cycloalkyl-As-heterocycloalkyl,
Az-cycloalkyl-Asheterocycloalkyl, cycloalkyl-As-substituted cycloalkyl,
A2-cycloalkyl-Assubstituted cycloalkyl, cycloalk~~l-As-substituted aryl,
Az-cycloalkyl-Aasubstituted aryl, substituted cycloalkyl-A3-cycloalkyl.
Az-substituted cycloalkyl-As-cycloalkyl, substituted
cycloalkyl-As-substituted cycloalkyl, Az-substituted
cycloalkyl-As-substituted cycloalkyl, substituted cycloalkylAs-aryl,
Az-substituted cycloalkyl-As-aryl, substituted cycloalkyl-Asheteroaryl,
A2-substituted cycloalkyl-As-heteroaryl, substituted
cycloallrylAs-heterocycloalkyl, AZ-substituted
cycloalkyl-As-heterocycloalkyl, substituted cycloalkyl-As-substituted aryl,
Aa-substituted cycloalkyl-A3substituted aryl, heteroaryl-As-heteroaryl,
Az-heteroaryl-As-heteroaryl) heteroaryl-As-cycloalkyl,
AZ-heteroaryl-As-cycloalkyl) heteroaryl-Assubstituted cycloalkyl,
A2-heteroaryl-Aa-substituted cycloalkyl, heteroarylAs-aryl)
A2-heteroaryl-As-aryl, heteroaryl-As-heterocycloalkyl) A2   15 November
2002 5 10 15 



heteroaryl-Aa-heterocycloalkyl, heteroaryl-As-substituted aryl,
A2heteroaryl-As-substituted aryl, heterocycloalkyl-As-heterocycloalkyl,
Azheterocycloalkyl-As-heterocycloalkyl, heterocycloalkyl-As-cycloalkyl,
AZheterocycloalkyl-As-cycloalkyl, heterocycloalkyl-As-substituted
cycloalkyl, Aa-heterocycloalkyl-As-substituted cycloalkyl,
heterocycloalkyl-As-aryl, A2heterocycloalkyl-As-aryl)
heterocycloalkyl-As-substituted aryl) A2heterocycloalkyl-As-substituted
aryl, heterocycloalkyl-Aa-heteroaryl, A2heterocycloaklyl-A3-heteroaryl,
substituted aryl ~4s-substituted aryl) AZsubstituted aryl-As-substituted
aryl, substituted aryl-A.3-cycloalkyl, A2substituted aryl-As-cycioalky 1,
substituted aryl :4z-substituted cycloalkyl, A2-substituted
aryl-As-substituted cycloaLk~tl, substituted aryl-As-aryl, A2substituted
aryl-As-aryl, substituted aryl-As-heteroaryl, At-substituted
aryl-As-heteroaryl, substituted aryl-As-heter ocycloalkyi, Aa-substituted
aryl-As-heterocycloalkyl, _ A2-_ N\RS ' or R5 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 20 three, four, or five. Rs is
hydrogen, halo, amino, -NH(lower alkyl), -N(lower alkyl)z) vitro) 25 alkyl,
substituted alkyl, alkoxy, hydroxy, aryl, substituted aryl, AZ-aryl)
A2substituted aryl) aryl-As-aryl, A2-aryl-As-aryl, cycloalkyl, substituted
cycloalkyl, Az-cycloalkyl, Az-substituted cycloalkyl, heteroaryl,
A2heteroaryl, heterocycloalkyl) Aa-heterocycloalkyl, aryl-As-cycloalkyl)
Azaryl-As-cycloalkyl, aryl-As-heteroaryl, Az-aryl-As-heteroaryl,
aryl-Asheterocycloalkyl, or Aa-aryl-As-heterocycloalkyl.   15 November 2002
B1) Bz and Ba are each CH, or two of B1, BZ and B3 are CH and the other is
N, or one of Bi, Bz 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, 5 cycloalkyl) substituted cycloalkyl. A2-cycloalkyl)
Az-substituted cycloalkyl, aryl, substituted aryl) A2-aryl, Aa-substituted
ax~rl, aryl-As-aryl, A2-aryl-Aaaryl, heteroaryl, A2-heteroaryl,
heterocycloalkyl, Az-heterocycloalkyl, arylAs-cycloalkyl,
Aa-aryl-As-cycloalkyl, aryl :4.3-heteroaryl, A2-aryl-Asheteroaryl,
aryl-As-heterocycloalkyl or A2-aryl-As-heterocyloalkyl. 10 Rio is alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, Aacycioalkyl,
AZ-substituted cycloalk31, Az-aryl, or A~-substituted aryl. R~x and Rz2 are
independently selected from hydrogen, alkyl) substituted alkyl,
c~Tcloalk~rl, substituted cycloalkyl, A2-cycloalkyl) A2substituted
cycloalkyl. Az-ar~-1, and A2-substituted aryl. 15 p is an integer from 2 to
6. q is an integer from 1 to G. r is zero, one or two. s is one or two. t
is one, two, three or four. 20 a 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 vne or more double bonds, or an
alkynyl or substituted alkynyl bridge of 2 to 10 carbons having one or more
triple bonds. 25 As 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)a--p..._.(CH2)e -(CH2)~--S (CHZ)e   g 15 November 2002
-(CH2)d-~'(CH2)e --(CH2)~N-C-N---(CH2)e R21 R21 R22 L~ (CH2)d C~-~~CH2)eN-C
N- H -(CH2)d-~ ~ (C 2)e 



R21 R22 R.21 5 (CH2)d p"_C"'~(CH2)e 11R21 - ( CH 2 ) d.--N- C-- ( CH 2 )
e~. R21 11 -w(CH2)d-C-(CH2)2 0?- -(CH2)Q i~vp~ (CH2)e R21 d and a are
independently selected from zero and an integer from 1 to 6.   10 15
November 2002 Compounds of this invention include the formula: ~NH H R11
H2N-C-NH- ( CH2 ) q Rl N ~X1 5 wherein: Rl ~ is alkyl. Rl, Xl and q are as
defined above. Compounds of this invention include the formula: INH R-. z H
H2N-C-NH- ( CH2 ) q R1 N ~X1 10 15 t~ wherein: R12 is alkyl. Rl, X1, and q
are as defined above. Compounds of this invention include the formula: INH
H H H2N-C--NH- ( CH2 ) q R1 N ~X2 wherein: Rl and q are as defined above.
~(CH2)m XZ is  _,J -C-N Rs 



~(CH2)"~ -- C- IN ~( CH2 ) w 20   11 5 10 (CH2)o Bl II ~ ~ R - C- N ~ ~ 8
B2 ~(CH2 ) n $3 15 November 2002 0 Q 0 -- C- CH2_ p-Rio ~ -- C-~--502._R -
C-alkyl-S02-R~ R9 R9 ~ 0 R9 R9 O -..C_arYl-SO2-R~ -C_N_Az_PI-C_R~ ,
-C_N_Az-N_C`OR4 > > O 0 0 -C-R~ provided that - C-R~ is other than
alk~lcarbonyl, phenylcarbonyl, substituted phenylcarbony1)
naphthylcarbon5~l, substituted naphthylcarbonyl, phenylaminocarbonyl,
substituted phenylaminocarbonyl, napththylaminocarbony~l, or substituted
naphthylaminocarbonyl, or -S02-R7 provided that -SOzR; is other than
alkylsulfonyl, phenylsulfonyl, substituted phenylsulfonyl) naphthylsulfonyl
or substituted naphthylsulfonyl. R.a) Rs, Y, Rc) m, n. o, B~, B2) Bs, Ra,
Rs and Rio are as defined above. Compounds of this invention include the
formula: NH H H H2N-IC-NH ( CHz ) i R13 I 0 -1X 3 15 wherein: f is an
integer from 3 to 5. )V l R13 1S 'I - C- N ~...( CH2 ) w   12 ( CH2 ) o Bi
Il ~ ~ R - C- N ~ ` 8 B2 ~ICH21 n $3 5 



10 0 - C_ Cg2-Q"Rlo O -C-alkyl-S02-R~ 15 November 2002 I IR9 IR9 II
~--C-aryl-S02-R~ -" C-N-A2- N-C-R4 ~ -C-N-A2-N- C-ORQ 0 O i~ -C-R~ provided
that -" C-R7 is other than phenylaminocarbonyl, substituted
phenylaminocarbonyl, naphthylaminocarbonyl, substituted
naphthvlaminocarbonyl, carboxymethylaminocarbonyl) or
alkoxycarbonylmethylaminocarbonyl, -S02-R; provided that -SOZR7 is other
than alkylsulfonyl, phenylsulfonyl, substituted phen~lsulfonyl,
naphth~lsulfonyl or substituted naphthylsulfanyl, or ~(~2)m lIO - C-N-f ~
provided that if m is I, 2 or 3 than Rc is other than R6 hydrogen. carboxy,
alkoxycarbonyl or aryloxycarbonyl. Xs is phenylaminocarbonyl, substituted
phenylaminocarbonyl, 15 naphth~laminocarbonyl, substituted
naphthylaminocarbonyl, alkylcarbonyl, phenylcarbonyl, substituted
phenylcarbonyl, naphthylcarbonyl, substituted naphthylcarbonyl,
alkylsulfonyl) phenylsulfonyl, substituted phenylsulfonyl,
naphthylsulfonyl, or substituted naphthylsulfonyl. R4, R;;, Y, m, n, o, Bi)
B2, Bs) v) w, and Rs 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.   13 15 November 2002 H R14 HzN--C-N~-? ( CH2 ) t C ~R3 wherein:
R14 is hydrogen, carbox~~) alkoxycarbonyl, alkylcarbonyl) 5 phenylcarbonyl,
substituted phenylcarbon~rl, naphthylcarbonyl, substituted
naphthylcarbonyl, alkylsulfonyl, phenylsulfonyl, substituted
phenylsulfonyl, naphthylsulfon~~l, substituted naphthylsulfonyl,
phenylarninocarbonyl, substituted phenylaminocarbonyl,
naphthylaminocarbonyl. substituted naphthylaminocarbonyl) ~2-aryl, ~~~2~m O
i I I - C--N 10 or R6 wherein m is 1. 2 or 3 and R,c is hydrogen. carboxy,
alkoxycarbonyl) or ar~rloxycarbonyl. ~s 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, vitro, -NH(lower alkyl), -N(lower alkyl)a, alkoxy,
alkylthio, carboxy, alkoxycarbonyl, aminocarbonyl, or alkoxycarbonylamino.
14 15 November 2002 The term "alkoxy" refers to such alkyl groups as
defined above attached to an oxygen. The term "alkylthio" refers to such
alkyl groups as defined above attached to a sulfur. The terms "lower
alkoxy" and "lower alkyithio" refer to such lower alkyl groups as defined
above attached to an 5 oxygen or sulfur. The term "cycloalkyl" refers to
fully 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, triluorometh~~l, nits o, cyano, amino, -NH(lower alkyl),
-N(lower alkyl)2. or carboxy as well as such rings fused to a phenyl ring
such as tetr ahydronaphthyl. The term "aryl" refers to phenyl. 1-naphth~Tl
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 aikylthio, halo, hydroxy, trifluoromethyl,
vitro, amino, -NH(loweralkyl), -N(lower alkyl)z) or carboxy , and di and
tri-substituted phenyl, 1-naphthyl) or 2-naphthyl wherein said substituents
are selected from methyl, methox5-, methylthio, halo, hydroxy and amino. 20
The term "heter oaryl" refer s to unsatur ated and partially saturated
rings of 4 to 7 atoms containing one or two O and S atoms andlor 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   15 15
November 2002 heterocycloalkyl ring. Preferred bicyclic rings are 2- and
3-indolyl and 4and 5-quinolinyl. The mono or bicyclic heteroaryl ring 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 cyclohexyimethyi. Also, if the mono or bicyclic ring has an available
Natom such N atom can also be substituted by an N-protecting group such as
benzyioxycarbonyl, t ert-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 andlor 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, piperidiny l, 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, Az
lower alkoxy, Az-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,
tertbutoxycarbonyl) 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 -CHZ-) -(CH2)z-,
-(CHz)s-) 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})   16 15 November 2002 



-N(lower alkyl)a, hydroxy, aminocarbonyl, alkoxycarbonylamino, halo,
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, hetereoaryl, or
heterocycloalkyl) e.g. -~ H-CHz_ CHz ` 5 .--~ H-CHz_ CH3 ~ =O OCH3 `
-~H-CH2CzHs etc. The terms "alkenyl" and "substituted alkenyl" 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-CH2-, -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(lower alkyl), -N(lower alkyl)z. hydroxy, aminocarbonyl,
alkoxycarbonylamino, halo, cycloalkyl, substituted cycloalkyl, aryl)
substituted aryl, heteroaryl, or heterocycloalkyl, e.g. --CI~C- -~Cf:-CHZ-_
CH3 ` 0 _~~~~~~. etc. 1~J C2H5 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-, -CHZ-C=C-,
-C=C-CH2-) etc. One or 20 more hydrogens in the alkynyl bridge can be
replaced by an allryl, substituted alkyl, carboxy, alkoxycarbonyl, amino)
carboxy, alkoxycarbonyl,   17 15 November 2002 amino, -NH(lower alkyl),
-N(Iower alkyl)z, hydroxy, aminocarbonyl) alkoxycarbonylamino, halo,
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl, or
heterocycloalkyl, e.g. -~C - H~C ~~- 0 CH3 etc. 5 The compounds of formulas
IV, V and VI can be prepared as follows.  



15 November 2002 The carboxy substituted azetidinone of the formula (vin
C02H i N_ P3 0 wherein Pa is a silyl protecting group such as
tert-butyldimethylsilyl is 5 treated with an alkyldihalide of the formula
Cl-(CHa)q-I in the presence of base to give the carboxy substituted
azetidinone of the 10 formula C02H C1-(CH2)~ N_P3 0 The carboxy substituted
azetidinone of formula IX is then treated I5 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- ( CH2 ) q NH 0 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
is reacted with the diprotected guanylating agent of the formula C02H
H2N-(CH2)Q NH 0 15 November 2002 The alkylamino compound of formula XI,
preferably as an acid salt, 5 10 19 N-P1 Pl-N-C-L I H wherein Pi is an
N-protecting group such as tent-butoxycarbonyl or benzyloxycarbonyl and L
is a leaving group such as methylthio or pyrazolyl to give the azetidinone
compound of the formula 



~) Pj C02H HI3- C- i - ( CHz ) q P1 H O 15 Coupling the intermediate of
compound XIII with an amine selected from ( CHz ) ~, R4 ~f R5 R6 (CH2)o B1
Rg B2 ~(CHZ)n B3 ~(CH2 ) ~~ Y . (CH2)J i9 Rg O i9 R9 0 HN-A2- N- C-R4 ~ or
HI`~-A2- N- C- OR4   20 gives the compound of the formula 15 November 2002
11 pl ~'-C _ N- ( CH2 ) q Ri5 P1 H NH O 0 R wherein Ris is _ ~_N~ ~ R5
~(CH2)v~ 0 TT 1V~ ( CH2 )~ g Rg 0 _ C- N--A2- N-- C--R4 O ('-(CH2)m C-
(N_I~ R6 (CH2)o Bl li ~ ~ R - C- N ~ ~ 8 B2 ~(CFi2)ri B3 



(I ( g Ro O ol, _ ~`'N_A2-N-.C_O_R4 Reacting the intermediate of formula
HIV with an acid chloride selected from o C1- C-R~ ( CH2 ) "~ 0 cZ c- N L (
cH2 )J O (--(CH2)m C1-C- ~N-I-' Rs ~(Ci-i2) o B1 I~ / ~ R C1-C- N ~ ` s B2
~(CHZ)n B3 10 C1-C-CH2-0-Rlo C1 C-NH-S02-R~ Rg O O C1-C-N-A2-N-C-RQ
C1-C-alkyl-S02-R~ Rg O C1-C-axyl-S02-R7 ~ C1-C-N-A2-N-'C-ORQ or Cl-S02-R7
or reacting with O~S02-Rg gives the compound of the formula   formulas IV)
V and VI. 15 November 2002 HI~~3--C-N-(CH2) q R15 1P1 N~ 0 Xi Removal of
the N-protecting groups gives the compounds of 5 10 15 The compounds of
formula IV and VI wherein R~ or Rla is carboxy or alkoxy carbonyl can be
prepared by reacting the intermediate of formula XIII with an alcohol,
bromide. or iodide of the formula ( 21 Ho- z , gr-Z, or I-Z wherein Z is
alkyl, substituted alkyl, benzyl or benzhydryl. When ~'VI is HO-Z, the
reaction is performed in the presence of a coupling reagent such as
dicyclohexylcarbodiimide, 1-ethyl-3-(3-dimethylamino)propyl carbodiimide,
benzotriazol-1-yloxvtris(dimethylamino)phosphonium hexafluorophosphate, or
carbonyldiimidazole. When XVI is Br-Z or I-Z, the 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_P1 C02Z HN- C- N- ( CH2 ) q pl H I NH 0 Reacting the intermediate
of formula XVII with an acid chloride 20 selected from o Cl C-R7 ~(~2)m Cl-
C-N Rs   22 ~(CH2)v~ O C1-C-- N `` ( CH2 )~ s 15 November 2002 Cl-C- N ~ I
Rs B2 ~(CHZ)n B3 O 0 C1-C-CH2-O-Rlo C1-C---Nf3-S02-R~ 5 Rg O " i9 R9 0 C1
C-~N-A2-N-C-!Rq C1 C-N-A2-N--C--ORq > > O O (I II Cl-S02-R~ ,
Cl-C-alkyl-SO~-R~ , or C1-C-aryl S02-R~ ~ or reacting with OCN-S02-R~ gives
the compound of the formula co2z ti Pl HN-C-;-(CH2)q pl H N 0 X1 When Z is
a protecting group such as benzyl or benzhydryl) removal io of this group
and the N-protecting groups from the compound of formula XVIII gives the
desired compounds of formulas IV and VI wherein Rs or R~.; is carboxv.
Also, when Z is alkyl or substituted alkyl and 11 is 



15 0 II -" C-' ~' R4 , the compound of formula XVIII can be treated to
remove the N-protectings groups followed by mild aqueous hydrolysis to give
the desired compounds of formula IV and VI wherein Ri or Ri4 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   23
15 November 2002 halo-R12 in the presence of base wherein halo is Cl, Br)
or I to give the azetidinone R12 H Cl- ( CH2 ) g C02H N_P3 5 0 The
azetidinone of formula X~ can also be prepared by reacting the azetidinone
of formula VII with the haloalkyl of formula XIZ in the presence of base to
give the azetidinone of the formula to Rl? H C02H H N_P3 0 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 YsX is then reacted in the same manner as the azetidinone of
formula I~ described above to give the desired 15 compounds of for mula
III. The compounds of formula II wherein Ri is other than alkyl can be
prepared by treating the olefin of the formula IRll HC= C - CH= CH2 20 with
chlorosulfonylisocyanate to give the azetidinone of the formula R11 CH. CH2
O   



24 15 November 2002 Oxidation of compound XXIII such by treatment with, for
example) potassium permanganate followed by silylation with a tri(Iower
alkyl) silyl chloride gives the azetidinone of the formula R11 C02Fi N_p3 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 Rig and R1 are both
alkyl can be prepared by treating the azetidinone of the formula R11 R1 N
-P3 O wherein R~ and Rl~ are both alb-yl in the same manner as the
azetidinone 15 of formula VII described above. The dialkyl substituted
azetidinones of formula ~V are known in the art, for example, see U.S.
Patent 4,775,fi70. The compounds of formula IV and VI wherein Ri or R14 is
-(CHa)z-aryl can be prepared by reacting an N-protected guanidine of the
formula 20 (X~Vn ll pl pl- i -C-NH~-(CH2 ) q CHZ_.cOzCH3 H with an
N-protected compound of the formula   25 (VII) can wherein Pz is
trimethylsilyl in the presence of lithium diisopropylamide to give the
azetidinone of the formula 5 II Pl Pl- i - C-NH- ( CH2 ) q CH= CH-aryl H O 



The azetidinone of formula YXVIII is then reacted with an acid 1~ 15 O
~tCH2)m chloride selected from o ~~^ C- ~N-~~ C1- C-R~ R6 , ~(CHZ)v~ O SY
C1- C- N `- ( CH2 )J O C1-C-CHZ-O-Rlo 15 November 2002 P2- N= CH- CH=
CH-aryl ~(~2) o C1-C- ~ ~ R8 B2 (CHZ)n O C1 C-IW:-SOz-R~ ,j i 9 Rg O O
Cl-C-N-A2-N--C--R4 ~ C1 C-alkyl-SOz-R~ ~g Rg O C1- C-axyl-S02-R~ C1- C-
N-A2- N- C` OR4 > > or ~1-so2-R~ ~ or with ~~'so2-R~ to give, following the
reduction of the alkene group and removal of the P1 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 formula   26
15 November 2002 0 C1-(CH2)q C-Cl with the N-protected compound of the
formula 5 R2 H3C- (J N=C-COOCH3 in the presence of base to give the
azetidinone of the formula R~ C1 (CH2)9 COOCH3 N 0 OCH3 10 Treatment of the
azetidinone of formula ~I with an azide such as sodium azide gives the
azetidinone R2 N;- t CHz ) ~ COOCH3 



N 0 OCH3 I5 Treatment of the compound of formula XXXII with ceric ammonium
nitrate removes the methoxyphenyl group and the resulting azetidinone can
be reacted in the same manner as the azetidinone of formula X described
above to give the desired compounds of formulas II, IV, and VI. / ( CH2 ) t
-N The compounds of formula I where A3 is ~` t CH2 ) a   27 15 November
2002 can be prepared by reacting the compound of the formula ~(CH2)t ~` (
CH2 ) u"Ll wherein Li is a leaving group such as bromo or iodo with the
azetidinone of 5 formula 'VII, XXI, XXIV or XXV in the presence of base to
give the azetidinone of the formula (X~IV~ / ( CH2 ) t R3 ~2 ~\ ( CH2 ) a
COON NH 0 Removal of the P1 protecting group and treatment of this
azetidinone as 10 described above for the azetidinone of formula ~iI gives
the desired compounds of formula I. Alternatively, the azetidinone of
formula XXXIV can first be treated with an acid chloride to introduce the
desired X~ group, deprotected) and then reacted with the guan~~lating agent
of formula XII. Alternatively, the compounds of formula I wherein A1 is
/(CHZ)t -N > , Ri is -(CHa)a-aryl and Ra and Rs are hydrogen can be (CH2)u
15 prepared by reacting a compound of the formula ~ ( CH2 ) t P1 N ~` ( CHZ
) u-CHZ-COOCH3 with the reagent of formula XXVII in the presence of lithium
20 diisopropylamine to give the azetidinone of the formula   28 15 November
2002 / ( CHZ ) t P1 N ~~ ( CH2 ) " CH=CH-aryl NH O  Removal of the P1
protecting group and reaction with the guanylating 



agent compound of formula XII gives the azetidinone of the formula 5
{~~VII) i 'P1~ (CH2) t H i-C-N , _ ~2 ) a CH-CH-aryl P1 NH O Reacting the
intermediate of formula XXXVII with an acid chloride selected from o C1-
C-R~ ( CH2 ) ~~ O C1-C- N CH2 )~ ~(~2)m 0 C 1- C-N R6 (CH2)e C1-C- N ~ I RB
B2 ~(CHZ)n B3 1L 0 R9 R9 O 10 C1-C-CH2-O-Rlo Cl-`C-N-A2-N-C-R4 O 0
Cl.-C-alkyl-S02-R~ Cl-C-ary~--S02wR~ , , 'I ( 9 R9 O C1- C-I3--A2-~- N--
C~-ORq , or Cl"'so2-R~ ~ or reacting with o~so2-R' followed by reduction of
the alkene gxoup and removal of the Pi protecting groups gives the desired
I5 compounds of formula I.   29 15 November 2002 Alternatively, the
compounds of formula I wherein AI is 5 ZO 



~(CHz)t -N , can be prepared from the azetidinone of formula ~~ ( CH2 ) u_
XXXVII. According to this process, the ring nitrogen is protected by
treating the azetidinone of formula X~~XVII with, for example, tert
butyldimethylsiiyl 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 silt' 1 protecting group gives the azetidinone of the formula (XX~'III)
~~ P1/(CH2)t P1N--C-N ~\ ( CH2 ) a COON H I NH 0 15 Treatment of this
azetidinone as described above for the azetidinone of formula XIII gives
the desired compounds of formula I. The following is a preferred route to
the intermediate of formula XIII. According to this procedure, the silyl
protected azetidinone of formula VII is treated with the N-protected iodo
compound of the formula p1 ~- ( CH2 ) q I Pl 20 to give after removal of
the silyl protecting group the azetidinone of the formula   30 15 November
2002 (~) P jN- ( CHZ ) q C02H pl I NH 0 which may be isolated as an amine
salt such as the tert-butylamine salt. The Pi 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 tent-butylamine salt. The iodo compound of formula SIX can be
prepared by reacting 10 the diprotected amine of the formula P1 P1 with the
alkyldihalide of formula VIII to give the chloro compound of the 



formula 15 (XI~I~ pi jr,_ ( cx~ ~ q-m p1 The chloro compound of formula
XLII is then treated with sodium iodide in the presence of base to give the
iodo compound of formula ~. 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   31 15 November 2002 C02-CH2--( V ) C 1- ( CH2 ) qq N_ P3 O
Treatment of the chloro compound of formula XLIII with sodium iodide gives
the iodo compound of the formula 5 (XLI~ C02-CH2 I-- ( CHZ ) q N_P3 O The
iodo compound of formula YLIV is reacted with the diprotected guanidine of
the formula ZO (XL~ N-P1 PI_.N-- C-NH2 H to give the azetidinone compound
of the formula (XLVI) H2N-. C-. N- ( CH2 ) q P~ N_ P3 O 15 Removal of the
silyl protecting group Pa from the azetidinone of formula XLVI for example
by reacting with ammonium fluoride gives the azetidinone compound of the
formula 



32 (XLVII) 15 November 2002 H N- C~ Nl ( CH2 ) C02- CH2--( V ) 2 I ~/4 pl
NH O Reacting the intermediate of formula XLVII with an acid chloride O
~(CHZ)m o Cz-~_N_tJ selected from C~ C-R~ , Rs ( CH2 ) ~~ O C3- C- N ro ~ (
CH2 )~ , ( CH2 ) ~ II / C1-C-- N B2 ~(CHy)r. B3 0 R9 Rg O C1-C--CH2-O-Rlo
C1 `C-N-A~-N-C-Rq O O li II C1- C-alkyl-S02-R~ C1 C-aryy S02-' R~ , C1
C-N-A2-N-C-ORq C1- C-NH-S02-R; , , or C1-sot-R~ or reacting with OCN-S02-R~
eves the compound of the 10 formula (XLVIII) i H2N-- C-N- ( CH2 ) q C02-CH2
P1 O Removal of the benzyl protecting group and the Pi hI-protecting groups
tom the azetidinone of formula XLVIII gives the desired 15 compounds of
formulas IV and VI.   



\ COzZ ~N,- ( CHz ) q pl NH O 15 November 2002 (CH2)q Rzo can be prepared
by reacting the azetidinone of formula XL with an alcohol, bromide, or
iodide of formula 1'VI to give the azetidinone of the formula p1 5 Reacting
the intermediate of formula XLI~; with an acid chloride 10 The compounds of
formula I wherein A1 is selected from o C3- C-R~ ( CHz ) ~'~ O C1 C-- N (
CHz )~ O C1-C-CHz-0-Rlp 33 ~(CHz)m If O _ C 1- C-N , R6 (CHz) o C1-C- N ~ I
R8 B2 ~(CHZ)n B3 C C1- C-NH--SOl-R, , R9 O 0 C1-C-N-Az-N-C-R4
C1-C-alkyl-S02--R~ !I l~~ ~ 9 R9 0 Cl-C-aryl S02-rR~ ~ C1-C-N-Az--N---C-OR4
or Cl-S02-R~ or reacting with O~SOZ-R9 eves the compound of the formula (L)
P1 \ COz Z --(CHz) q p1 p ~X1 



34 15 November 2002 Removal of the P1 protecting groups such as by
treatment with trifluoroacetic acid when Pi is tert-butoxycarbonyl gives
the trifluoroacetic acid amine salt of the formula CO2 Z HOOC-CF3  H2N-(
CH2 ) q N~ O Xi 5 Treatment of the trifluoroacetic acid amine salt of
formula LI with the appropriate aldehyde in the presence of a reducing
agent such as triacetoxy borohydride or sodium cyanoborohydride gives the
compound of the formula 10 C02 Z R2;,-N:=~tCH~; ~ N~ p X1 The compound of
formula LII is reacted with the diprotected guanylating agent of formula
XII to give the azetidinone of the formula ~~ P r C02 Z Pi IN-C- ~ ( CH2 )
~ H N~Xi 15 0 Removal of the P1 and Z protecting groups gives the desired
compounds of formula I. 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   35 15 November 2002 3 2 1 N 0 Of course, the compounds of formula
II where Ri and Rii are the same and the compounds of formula VI where Rla
is hydrogen contain only one 5 asymmetric ring carbon. Additional
asymmetric carbons may be present in the compounds of formula I to VI
depending upon the definitions of the substituents Ri, Al, Xi, X2, R13, Xs
and Ri.s. As is well known in the art, see for example J. March. Advanced
Organic Chemistry, Fourth Edition, John Wiley & Sons, New York, NI' (1991))
pages 94-I64, such asymmetric 10 carbon atoms give rise to enantiomers and
diasLereomers, 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 traps isomers, or
as mixtures then eof. 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 I~% and VF wherein R,i or Ria is carboxy can exist in the
farm 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) malefic, 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.   36 15 November 2002 The novel
compounds of formulas I to V and the compounds of formula VI possess
tryptase inhibition activity. This activity was confirmed using either
isolated human skin tryptase or recombinant human tryptase; prepared from
the human recombinant beta-protryptase 5 expressed by baculovirus in insect
cells. The expressed beta-protryptase was purified using sequential
immobilized heparin affinity resin followed by an imnaunoaffinity column
using an anti-tryptase monoclonoal antibody. The protryptase was activated
by auto-catalytic removal of the N-terminal in the presence of dextran
sulfate followed by dipeptidyl 10 peptidase I (DPPI) removal of the two
N-terminal amino acids to give the mature active enzyme (Sakai et al., J.
Clin. Ivest.. 9 i, pages 988 - 995, 1996). Essentially equivalent results
wer a obtained using isolated native enzyme or the activated expressed
enzyme. The tryptase enzyme was maintained in 2M sodium chloride, 10 nNI
4-morpholinepropanesulfonic 15 acid, p H 6.8. The assay procedure employed
a 9f well microplate. To each well of the microplate (Nunc MaxiSorp}, 250
~.1 of assay buffer (containing low molecular weight heparin and tris
(hydroxymethyl)aminomethane] was added followed by 2.0 ~,1 of the test
compound in dimethylsulfoxide. The 20 substrate (10 ~tl) was then added to
each well to give a final concentration of either 370 p.M
benzoyl-arginine-p-nitroaniline (BAPNA) or 100 ~.NI
benzyioxycarbonyl-glycine-proline-arginine p-nitroaniline
(CBz-Gly-ProArg-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 ~.1. of
the working stock solution of tryptase (F.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   15
November 2002 minutes. After this time the microplate was read on a
microplate reader (Molecular Devices W max) in the kinetic mode (405 nm
wavelength) over twenty minutes at room temperature. To determine the
compound concentration that inhibited half of the enzyme activity (ICso),
the fraction 5 of control activity (FCA) was plotted as a function of the
inhibitor concentration (I) and curve to fit FCA/(1 + (~]IICso). The ICso
for each 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 antiinffammatory 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,
I5 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 diabetic 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 hydrolyzabie ester thereof, or a solvate thereof may also be useful in
the treatment or prevention of thrombotic events associated with coronary



38 15 November 2002 artery and cerebrovascular disease which include the
formation andlor rupture of atherosclerotic plaques, venous or arterial
thrombosis, coagulation syndromes) ischemia and angina (stable and
unstable), deep vein thrombosis (DVT), disseminated intravascular
coag~ulopathy, 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 plaque
rupture. The compounds of formula I to ~'I possessing Factor ~a and/or
Factor VIIa 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 aneurysms, 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
chemotherapy. 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
`I~s pa~n~ysqns-~-j~~ t~a~ pan~ysqns-~~-j~fxs `I~~-~-j~S.t~ `I~.z~oaa~a~ t~
pa~n~t~sqns I~fx~e apn~om sdnor~ t~uru~a~ o~~dod~ alqE~ms 0~ ya , o~ z (
ZH~ ) --O pus EH~ , O o~ Z (zH~)-~iL~Io~ z ( zj~~ ) ~ _ oa  ( z H~ ) - s8
qons ~u~ t~uaud ~ puE s~ao~n EH~ aaoiu ~o g ~utu~~uoo sdno~ se dam s~ `w~a
, ~--F3 0~  ( zFi~ ) ~ _ puE , ~~ oa ~ (zH~)-ziL~I- H ~ ~I 6 oa b ( ZH~ )
---i~I ' ~~ o~ s(zH~)-0- ~ -4-5 oa v(zHJ) ~ c~ 4 ( zH~ ) --~i~- s m v ( zg~
) ---0--- s~ r~ons suco~~ aaoui -OZ oa S (ZH~) so g ~o sdnox.~ apntout
szaoEds ajq~eynS ~dnoz~ o~qdodr~ E m ~uy~uturaa~ OZ aaosds ~ si ~z~ pug
sz~-~ ~~~-~_ dnoz~ aq~ st zY to tg aaaqn~ ~~ o~ I s~jnuzao~ ~o spunodu~oo
ac~~ u~im uaas st ~tnyo~ asE~d~~ anyoalas siq~ `ajdulExa xo3 -peg ao~o~3
pug mquzo~u~ ~utsd~.x~ ~ypnjom su~a~s~is auuszua ~au~o ~sum~~ ant~o~e ssat
uonut aa~ ynyo~ uoyiqtqm as~~d~fz~ ~ua~od ~uinE~ aim spunoduioo asauy
v~znyoE uoytq~ as~~d~~ anyoa~as .ziau~ o~ anp jn~asn osje aaE ~ o~ Z
s~Inruao~ ~o spunoduzoo ut~e~aa~ g ~poojq ajoum ~o uot~~BOyo~z~ puE 



`a~E~o~s `uoyEaEdaxd aq~ ~manp se qons uoy~p~~oo pooZq ~o s~o~tq~ sg jn~asn
aq osjg ~f~uc pub `anoq~ paqi~osap s~ as~asip a~jnos8noaqa~ao puu ~xa~re
~~uozoo q~inn pa~~moss~ s~uana oyoquzozu~ ~o uo~~uanaad ZOOZ aaq~anoN g ~
6E   40 15 November 2002 and aryl-As-heteroaryl, etc. These compounds of
formulas I to IV as well as an inner salt, 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 5 and may also be useful in treating or preventing allergic rhinitis
as well as some of the other diseases described above for the non-selective
tryptase inhibitors. It is believed that as a result of their selective
tryptase inhibition activity that these compounds will have less tendency
to 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
mglkg, 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 salt or a pharmaceutically acceptable salt thereof, a hydrolyzable
ester thereof, or a   41 15 November 2002 solvate thereof are employed to
treat asthma or allergic rhinitis they will preferably be formulated as
aerosols. The term "aerosol" includes any gasborne suspended phase of the
active compound which is capable of being inhaled into the bronchioles or
nasal passage. Aerosol formulations 5 include a gas-borne suspension of
droplets of the active compound as produced in a metered dose inhaler or
nebulizex or in a mist sprayer. Aerosol formulations also include a dry
powder composition suspended in air or other carrier gas. The solutions of
the active compounds of formulas I to VI used to make the aerosol
formulation will be in a concentration of 10 from about 0.1 to about 100
mgl ml, more preferably 0.1 to about 30 mglml, and most prefer ably from
about 1 to about 10 mg/ml. The solution will usually include a
pharmaceutically acceptable buffer such as a phosphate or bicarbonate to
give a pH of from about 5 to 9, preferably 6.5 to 7.8, and more preferably
7.0 to 7.6. Preservatives and other agents can 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, (3adrenergic agonists such as albuterol, ter butaline. 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 I 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:   42 



q is 3; Ri is carboxy, O II -C-N~R6 0 a or - C ~"-' ( s~stituted alkyl ) .
15 November 2002 0 - C 0 -C-NV 0 _'C ~2 is ~ ~ -C-N` ( CH2 ) ~--N,--C_ORq ~
or 5 I I9 -wC-N-w t CH2 ) 2-N-C~^RQ 0 0 11 II Rc, is aminocarbonyl) - C-'~
( alkyl ) , oi. - C-N ( alkyl ) 2 q is N-R4, ~C A3-R, , ~.~-C-A;-o--'R-, 10
II N-C O-A;-R~ ~ I~~-C~-A3-C-R ; , or N-C' R.~ in the definition of ~ and
R~ is alkyl, cycloalkyl, substituted alkyl, substituted cycloalkyl, or
heteroaryl; R7 is alkyl, cycloalkyl, substituted alkyl, substituted
cycloalkyl) ~R9 Ra Nw -CH2 Nw aryl, -(CH2)i co 4'~'Yl~ -(CHz)~ co
a-aryl-As-aryl) R$ , or R~ ; W --N ~ R5 is amino, -~ ( alkyl ) , or -N (
alkyl ) a Rs is lower alkyl; As is a bond, an alkylene bridge of 1 to 6
carbons)   43 15 November 2002 --. ( CH2 ) d-'~ ( CH 2 ) e.._ R21 ~r
-(CH2)d-0""'(CH2)e-' ; 



d and a are independently selected from zero and an integer tom 1 to 6; Rz~
is hydrogen or lower alkyl; and an inner salt or pharmaceutically 5
acceptable salt thereof. Also preferred are the compounds of this invention
of formula I wherein .(CH2) t - ///N :~~ is ( CHZ ) "_ R2 and Rs are both
hydrogen; 10 Ri is a defined above; 0 -C N ~Y q s ~s W is ~--~ , -C-I~-- (
CH2 ) 2-~~----C-OR4 ; or -C-N---(CHz) z-1~~---C-R~ Wherein ~'. R.~ and Rs
are as preferably defined above; t is two or three; I5 a 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 C02H 0 H ~H-C- (CH3)3 0 20
44 15 November 2002 N'IH HZN~H Vii,,,. C02H N I ~N'~\ 0 N 0 



0 `I II HzN~H~/i~~., C-N\-./ C_NHz I O ~ C/ N N- ~ - 0- CH- CH ( CH3 ) z ~t
U I O 0 CH(CH3)z 0 HzN~N~'~~~ C H 0 N I~-- ~C- O- CH- CH ( CH3 ) 0 C U I O
CH ( CH3 ) z O C-' ~N' O ~2 H2 H H I ~--1 N O ~C/~N~\ N and 0 NH C02 H H2
NH N-IqC-- ( CHz ) 0 0   45 15 November 2002 Also most preferred are the
following compounds of formula I including an inner salt or
pharmeceutically acceptable salt thereof: ~i~,, C02H ~N~ N N-OC-O-CH-CH
(CH3 ) 2 O ~ ~ CH ( CH3 ) 2 and COZH i~. N--~ (CH2) s NHz 0 0 The following
compounds of formula IV including an inner salt or a 1 pharmaceutically
acceptable salt thereof are also preferred: N'`H H2N~H ~/y,,, C02H O 0 O 11
C-O- CH2- CH ( CH3 ) 2 



NH Fi2N~N~~~,, C02H H ~ /~ O c' ~ - C_ n O N ~N~' N H   46 15 November 2002
NI`H H2N~Ny,,. COzH H O /"1 II O ~ C' ~ - C- CH2-N [ CH ( CH3 ) 2 ] 2 I I 0
NH H N~N~~~'~ COzH z H O 0 II II O N~ C' N N- C- C- N- CH- CH i CH3 ) 2 p ~
H CH ( CH3 ) 2 NH HZN~N~/i,, C02H O H O ~ N- (,CHz ) z - N O_" C i CH3 ) 3
O ~3 CH3 NH H NI - N~~~~~ 002H 2 H CH3 CH3 CH3 O N ~ ~ I ~ cH3 ~~ N ( CH2 )
2-N-- C ~3 O CH3 NIIH H2N~H ~/4, COzH _ O O N~ C/ V IC- O- I H- CHz _ CH (
CH3 ) O CHz- CH ( CH3 ) 2 1~   47 15 November 2002 N''H H2N~H ~''. C02H CH
O 3 CH3 0 C 0 CH3 NH H N~ N~~~'' 002H 2 n o 0 I3~ C' ~N C- CH2- 0-; H' CH (
CH3 ) 2 0 CH c CH3 ) 2 ; ana 



0 _ _ H2N N~~~'' C NH CH2 C NH2 H ~ O 0 ~ C/ ~ - C-- O- ICFi- CH ( CH3 ) 2
'p CH ( CH3 ) 2 The following examples are illustrative of the invention.
4$ 15 November 2002 Example 1 N'tHCF3COOH H2N~H~i,,,. COzH I (homochiral)
~N \ ~0 O 5 a) Iii.... C02H N3 NH O 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 -?8C with mechanical stirring. After warming to 0C and
stirring for 30 minutes, the solution was cooled to -78C and
(4S)-N-(t-butyldimethylsilyl)-azetidine2-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 -78C for 5 minutes, the reaction was warmed to -20C to -10C
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 -20C 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 HCl. 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   49 15 November 2002 water (2 x 100 ml) adjusted by
the dropwise addition of 25% sodium hydroxide). The combined basic aqueous
layers were then washed with ethyl acetate (2 x 150 ml). The basic aqueous
layers were then acidified with concentrated HCl to pH 3, saturated with
sodium chloride (solid) and 5 extracted with ethyl acetate (2 x 150 ml),
dried over sodium sulfate, filtered and concentrated. Evaporative drying
with toluene then gave C02H lir,... C1~ 0 as a crude yellow oil. TLC
(silica gel, 1% acetic acid in ethyl acetate) Rr = 0.1, streaks. 10
Tetrabutylammonium iodide (0.5 g) 1.36 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 mi). The aqueous layers were
extracted, in order) with ethyl acetate (2 x 150 ml). The combined organics
were then extracted into pH ?.5 - 8 water (2 x 100 ml, 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   50 15 November 2002 b) 0 o
~H2- ~-. ~~- N O C02H II Cgz- O.~ C_ H H NH O Acetic acid (4 ml, 66 mmol)
was added to a solution of the azide from step (a) (6.5 g, 32.8 mmol) in
dimethylformamide (40 ml) followed by 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(benzyioxycarbony)-1-guanylpyrazole (I5 g, 39.7 mmol) [W'u 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 (3 x 150 ml). The aqueous washes were
extracted, in order) with ethyl acetate (2 x 100 ml). The combined organics
were then extracted with pH 7.5 - 8 water (2 x I50 ml, adjusted by the
dropwise addition of 25% sodium hydroxide). The combined basic aqueous
layers were then washed with ethyl acetate (3 x 150 ml) to remove excess 20
N,N ~ -bis(benzyloxycarbonyl)-1-guanylprazole 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
51 15 November 2002 desired product {8.5 g, I?.6 mmol) as an off white
solid. TLC (silica gel, 1% acetic acid in ethyl acetate) Rf = 0.2. c) CH2-
O- C C02-CH2 l ~Cx2-~C`H H O 5 Solid sodium bicarbonate (1.5 g, 1?.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.? g, 3.52 mmol) in dimethylformamide (20 ml) under nitrogen at room
temperature. The reaction mixture was stirred at roam 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, 3.2I mmol) as a
yellow oil. d) 



0 CHZ- O-!C-N ~lln~.. C02-CH2~ CH2- O- C N N N N O ~ H ''0   52 15 November
2002 Sodium bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 100 ul) 0.1
mmol) was added to a solution of the product from step (c) (46 mg, 0.08
mmol) in dry tetrahydrofuran (1.0 ml) under nitrogen at -78C. The reaction
mixture was stirred at -?8C for 10 minutes and then at -20C for 5 10
minutes. After cooling the reaction mixture to -?8C, benzyl isocyanate (100
~,1, 0.78 mmol) was added in a single portion. The reaction mixture was
stirred at -78C for 5 minutes and then at -20C for 15 minutes. 1N HCl (1
ml) was added followed immediately by ethyl acetate (3 ml). The resulting
biphasic solution was stirred vigorously while warming to roam 10
temperature. The organic phase was separated and washed once with saturated
aqueous sodium bicarbonate. dried over magnesium sulfate, filtered and
concentrated to leave a Iight 3rellow residue. Purification by flash
chromatography- (silica gel. 0-30% eth~rl acetate in hexane) gave the
desired product (33 mg, 0.047 mmol). I5 e) CFgCOOH y,,, COZH (homochiral? -
O ~N \ ~0 Concentrated HCl (4 ~1, 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 (I5 mg). Hydrogen gas was bubbled 20
through the reaction mixture for 1.5 hours. Water (0.5 mI) 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   53 15
November 2002 desired product (8.? mg, 0.019 minol). IR (film) I773 cm-1;
MS 348.0 (M+H)*, 346.3 (M-H)-. Example 2 5 ~ cF3cooH H2N N~~~~ C02H H I H N
( homochiral ) O O a) O CH2- O- (C-N O ~ COz-CH2 t: / ~CH2^~~~-H H~In.,..
~: .1-- IQ N O ~ H ''O 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, c~rclohexyl isocyanate (100
ltl, 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)-.   54 15 November 2002 b)  CF3COOH H2N N~ ~''~ 002H H I H O ~ ~T i
homochiral ) O Concentrated HCl (11 ~,1, 0.132 mmol) was added to a
solution of 5 the pxoduct from step (a) (9I mg, 0.I3 mol) in dioxane (2 ml)
followed by 10% palladium on carbon catalyst (45 mg). H~ was bubbled
through the reaction mixture for 45 minutes. Water (1 mI) was added and the
reaction was stirred under hydrogen for an additional 45 minutes. The
reaction mixture was then filtered through Celite which was then washed
with 10 three portions of water. The combined eluent was lyophilized to
give white powder. Purification bar preparative HPLC (reverse phase,
methanol water, trifluoroacetic acid) provided after lyophilization the
desired product (28 mg, 0.062 mmol). IR (KBr) 1773 cm-'; MS 340.1 (M+H)',
338.2 (M-H) _. xs Example 3 I'~IIHHC1 H2N~ H ~i~,,. C02H (homochiral) ~N ~
I O r   55 15 November 2002 a) 0 CH2- O- IC- N ~ Iln... C02 CH2 ~CH2_0-C_N
N H H ~ H N) ,N 0 0 l i Following the procedure of Example 1(d) but
substituting 4 biphenylisocyanate for the benzyl isocyanate, the desired
product was 5 obtained. IR (film) I77G cm-1: MS 7G8.1 (11-1+H)', 76G.2
(M-H)-. 



b) N'`HHC1 Fi~N~H~~~'~ C02H H o ~N i I (homochiral) i~ Concentrated HC1 (IO
~1, 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). Hi 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 (1G.3 mg, 0.036 mmol).
IR (film) I769 cm-~; MS 4I0.1 (M+~', 408.3 (M-H)-.   56 15 November 2002
Example 4 NIIHCF3COOH H2N~ N~ i,,~, COZH H H (homochiral) ~N ~0 O Following
the procedure of Example 1 but substituting phenethyl 5 isocyanate for the
benzyl isocyanate in step (d) followed by the deprotection work-up
described in Example 1 step (e), the desired product was obtained. IR.
(film) 1775 cma: MS 362.1 (M+H)', 360.3 (M-H) _ . 10 Example 5 NIIHCF3COOH
H2N~ H~i,,. C02H H (homachiral) ~N 0 0 ~ / CF3 Following the procedure of
Example 1 but substituting 4 15 trifluoromethyiphenyl 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~l; MS 402.1
(M+H)') 400.2 (M-H)_. 



15 November 2002 Example 6 NHHC1 H2N~H~i~,,, C02H (homochiral) H ~N ~(O O
CH3 Following the procedure of Example 1 but substituting (R,)-a
methylbenzyl isocyanate for the benzyl isocyanate in step (d) followed by 5
the deprotection and the work-up described in Example 3 (b), the desired
product was obtained. IR (KBr) 1777 cm-1: MS 362.1 (M+H)', 360.2 (1VI-I~' .
Example 7, 10 NHHC1 G,,, C02H ( homochiral ) 1 0 ~N ~O( CH3 Following the
procedure of Example 1 but substituting (S)-a 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) I777 cm-1; MS 362.1 (M+H)', 360.3 (M-H)_.   58 15 November 2002
Example 8 NHCF3COOH H N_ _ N~~~'~~ C02H I \ 2 H i (homochiral) H o ~N ~ I 0
\ 5 Following the procedure of Example 1 but substituting 2-biphenyl
isocyanate for the benzyl isocyanate in step (d) followed by the 10
deprotection and work-up described in Example 1(e), the desired product was
obtained. IR (KBr) 1780 cm~~; MS 410.1 C:1Z+H)-. 408.2 (M-H)-. 



Example 9 CF3COOH HZ ~~..) COZH / (homochiral ) ~I 0 0 CH3 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-I~' .   59 15
November 2002 Example 10 NHCF3COOH HZN~ H ~/~~.,. COZH ( homochiral ) H _
~I 0 CH3 Following the procedure of Example 1 but substituting {S)-(+)-{1.
5 naphthyl)ethyl isocyanate for the benzyl isocyanate in step (d) followed
by the work-up described in Example 1(e)) the desired product was obtained.
IR (KBr) 1?77 cm-~: A~IS 412.3 (M+H)', 410.2 (M-H)-. IO Example 11 CF3COOH
H2N H^/G,,. COzH I H thomochiral) O ~ N4... O f a)
trans-4-phenvlcvclohexvlisocvanate Ammonium formate (18 g, 285 mmol) was
added to a solution of 4 I5 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 IN
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  



60 15 November 2002 chromatography (silica gel, 0 - 20% methanol/methylene
chloride) provided 3.46 g of traps-4-phenyl-cyclohexylamine as a white
solid. Phosgene (20% in toluene, 5 ml) was added to a solution of traps-4
phenylcyclohexylamine (500 mg, 2.85 mmol) in toluene (5 ml) under 5
nitrogen at room temperature. The resulting solution was heated at 80C for
24 hours. Solvents were then removed under vacuum to Ieave a solid residue.
This residue was dispersed in ether and filtered. The eluent was collected
and concentrated to give 379 mg of tr ans-4phenylcyclohexylisoc3ranate as a
light yellow oil. IR (filin) 22b9 cm-'. IO b)  CF3COOH H2N N~~''~ C02H H I
g (homochiral) O 0 Following the procedure of Example 1 but substituting
traps-4 phenylcyclohexylisoc~~anate fox the ben~~l isocy anate in step (d)
followed 15 by the deprotection and worn-up described in Example 1(e), the
desired product was obtained. IR (KBr) I778 cm~l; MS 4I6.2 (M+H)") 414.4
(M-H)' . Example 12 20  CF3COOH H2N H ~4,,. COZH ( homochiral ) 1 H ~I ~I 0
N~N O 0   61 15 November 2002 i i a) O= C..N ~ I O \ Ammonium formate (7.95
g) 126.12 mmol) and sodium cyanoborohydride (4.75 g, 75.66 mmol) were added
to a solution of 3 5 phenoxybenzaldehyde (5g, 25.22 mmol) in methanol (125
ml) and the mixtura was stirred at room temperature overnight. After 16
hours, the mixture was evaporated in vacuo and partitioned between IN HCl
and ethyl acetate. The aqueous layer was then basified using 6N sodium
hydroxide solution to pH 12 and re-extracted with ethyl acetate. The 10
organic phase was washed with brine, dried over sodium sulfate and 



i concentrated to give 300 mg of H2N ~ ~ ~ ~ as a colorless oil. 0 MS 199.2
(M+H)+. This amino compound (300 mg, 1.51 mmol) ul 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 80C for 2 hours, followed by
stirring at 110C for 1 hour and stirring at 80C 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) 0 OO --CH2-O--IC- N O C02-CHz/~a., ~CH2_O-IC_H H H o ~ o 0   62 15
November 2002 The benzyl ester product from Example 1(c) (69 mg) 0.121
mmol) was dissolved in tetrahydrofuran (1.5 ml) and cooled to -78C. Sodium
bis(trimethylsilyl)amide (0.15 ml, 0.145 mmol) was added over 2 minutes and
the mixture was stirred at -78C for 1 hour. A solution of the 5 isocyanate
from step (a) (0.328 g, 0.145 mmol) in tetrahydrofuran ( 1.2 ml) was added
over 1 minute and the reaction mixture was stirred at -78C. After 30
minutes, the mixture was quenched with 0.5 N potassium bisulfate solution
(10 ml) and extracted with ethyl acetate (2 x 10 ml). The organic phase was
washed with brine (1 x 15 ml), dried over sodium 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)*, ?98.3 (M - H]- ; IR (film) 17?6.8
cm~l. 15 c) NHCF3CGOH HZN~N~~''~~ CO2H (homochiral) H I 0 ~N 0 0 10%
Palladium on carbon catalyst (25 mg, wet type) was added to a 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
uacuo 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) 1?73   63 15 November 2002
cm-1. Example 13 CF3COOH H2N N~~~'~~ C02H H (homochiral) H 0 ~ N - O 5 



a) 0 il CH2- O- C- N 0 I~ C02-CH2--O ~cH2-o-~c-N H `' H 0 ~N O Sodium
bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 106 ~t.l, 0.106 mmol)
was added to a solution of the benzyl ester product from 10 Example 1(c)
(57.9 mg) 0.101 mmol) in dry tetrahydrofuran (2 ml) under nitrogen at -78C.
The reaction mixture was stirred at -78C 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 -78C
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   64 15 November 2002 leave a bright
yellow residue. Purification by flash chromatography (silica gel, 0 - 20%
ethyl acetate in hexane) gave the desired product (54.8 mg) 0.068 mmol). IR
(film) 1776 cm-1; MS 810.2 (M+H)', 808.4 (M-H)_ 5 b) NHcF3cooH H N~N~~~'~.
C02H 2 H (homochiral) H .~N O 0 Concentrated HCl (2U ~,~1. 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 catah~st (50 mg).
Hydrogen gas was bubbled through the reaction mixture for 5 minutes and
then the reaction mixture was stirred under hydrogen gas for 1.3 hours. The
reaction mi3.rture was then filtered through Celite~ which was then washed
with two portions of dioxane and three portions of water. The combined
eluent vvas lyophilized I5 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)', 450.4 (M H)_.   65 15 November 2002 



Example 14 NHCF3COOH (homochiral) H2N~H~i~''. C02H H ~N O O 5 a) 1-
Naphthvlmethvlisocvanate A solution of phosgene (20% in toluene. ~ ml) was
diluted with toluene (10 ml). A mixture of 1-naphthalenemethylamine (500
~tl, 3.41 mmol). triethylamine (0.9~ ml, 6.82 mmol) in toluene (~ ml) was
added dropwise. The reaction mixture was heated at reflex overnight. The 10
mixture was cooled to room temperature, and the solvent was removed. The
residue was stirred with ether (50 mI) for 10 minutes and filtered. The
filtrate was concentrated to give the cr ude pr oduct which was purified by
flash chromatography (silica gel) methylene chloride) to give the desired
product (518 mg) as a colorless oil. III. 2260 cm-I. 15 b) 0 CH2- O- IC- N
C ~ ~/n,.. C02 CH2 ~CH2-~-IC H H H o ~N ~ r O ~r Sodium bis
(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 300 Etl, 20 0.30 mmol) was
added dropwise to a -78C solution of the ben2yl ester product from Example
1(c) (144 nag, 0.25) in tetrahydrofuran (3 ml). The   66 15 November 2002
mixture was stirred at -78C for 1 hour. A solution of
1-naphthylmethylisocyanate (55 mg, 0.30 mmol) in tetrahydrofuran (1 ml) was
added. The reaction mixture was stirred at -78C for an additional 40
minutes. The reaction was quenched by the addition of 1N potassium
bisulfate (I5 ml). 5 The mixture was extracted with ethyl acetate (2 x 40
ml). The organic layers were combined and washed with brine (15 ml), dried
over magnesium sulfate, filtered and concentrated to give 185 mg of crude
product as a yellow oil. Purification by chromatography (silica, 30 - 50%
ethyl acetatelhexane) gave the desired product as a colorless oil (122 mg).
10 MS: (M+H)+ 756.1; IR (KBr) 17?6 cm~~, 1732 cm~l, 1639 cm~~. c) r1H
CF3COOH ( homochiral~~ H2N~H~i~''. COZH I H ~1 r~n 0 o ~I A mixture of the
product from step (b) (11 r mg, 0.15 mmol)) 1N HCI (1?0 p.l, 0.17 mmol))
palladium on carbon catalyst (10%, 50 mg) in dioxane 15 (3 ml) was stirred
under hydrogen atmosphere (hydrogen balloon) at room 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 (fib 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)398.4; IR (KBr)
1?80 cm-1, 1670 cm-', 1541 cm-1.  



15 November 2002 Example 1~ N[IHHC1 H N~ N~ ~~'~~ C02H 2 H N O ~H 0 COOCH~
(homochiral) 5 Following the procedure of Example 1 but substituting
methyl-(S) (-)-2-isocyanato-3-phenylpropionate for the benzyl isocyanate in
step (d) followed by the deprotection and work-up described in Example
3(b), the desired product was obtained. IR (KBr) I769 cm~'. I674 cm-1, and
1632 cm-1; MS (M+H)+ 420.I. 10 Example lfi NIIHCF3COOH H N~N~~~''~ C02H 2 H
H N ( homochiral ) 0 0 CH~CH3 a) R-(+)-1-Phenvlpropvlisocvanate 15 A
solution of phosgene (20% in toluene, 5 ml) was diluted with toluene (IO
ml). A mixture of R-(+)-1-phenylpropylamine (640 u.l, 4.40 mmol))
triethylamine (1.03 ml, 7.4 mmol) in toluene (5 mI) was added dropwise.
Another 10 ml of toluene was added due to the difficulty of 20 stirring.
The reaction mixture was heated at reffux 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   68 15
November 2002 filtrate was concentrated to give the crude product which was
purified by flash chromatography (silica, methylene chloride) to yield the
desired product as a colorless oiI (410 mg). IR 2262 cm-i. 5 b) NI1HCF3COOH
C02H H i H ~ (homochiral) ~N ~0 O , CH2CH3 Following the procedure of
Example 1 but substituting R-(+)-1 



phenylpropylisocyanate for the benz~~l isocyanate in step (d) followed by
10 the deprotection and work-up described in Example 1(e), the desired
product was obtained. 111S (I42+H)+ 376.1, (2M+H)+ 751.2; IR (KBr ) 1780
cm-t, 1670 cm-1. E~cample I? 15 Nf`HCF3COOH H2N~ H^/G... C02H . H / ~
(homochiralf O N O a) 2-Naphthvlmethvlisocvanate 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 0C. A solution of sodium   69 15 November 2002 azide
(700 mg) 11 mmol) in water (10 ml) was added. The reaction mixure was
stirred for 30 minutes at 5C and was then poured into a mixture of ice
water (30 ml), ether (40 ml), and hexane (40 ml). The organic phase was
separated) washed with brine, dried and concentrated to 5 ml. 5 Chloroform
(5 ml) was added to the residue. The resultant solution was added to
chloroform (10 ml) at 80C dropwise. The mixture was heated at reflex for I
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-1, 2336 10 cm-1)
2267 cm-~. b) N~`HCF3COOH H2N~ H ~/ 4,) C02H thomochiral) ~N ~ / O O
Following the procedure of Example 1 but substituting 2 I5
naphthylmethylisocyanate for the benay 1 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-1,
1541 cm-1. 20 Example 18 N'IHCF3COOH H N~ N~~~''~ COZH 2 H N O 



O   70 15 November 2002 Following the procedure of Example 1, but
substituting 4 isocyanatomethylbiphenyl 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) 1758 cm-1; MS 424.1 (M+H)', 422.3 5
(M-H)-. Example 19 NHCF3COOH i,, COzH H2N H ~/ '. I N~ N ( homochiral ) O 0
I 0 ll a) CH2 2 N C-CI io A solution of diphosgene (680 p.l, 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, 8~ mmol) in toluene (I3 ml). The resultant
mixture was stirred at 15 room temperature for 4 hours. The mixture was
poured into 2N HCI 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-'. 20   15 November 2002 b) 0 CH2- O- C- N O CO
-CH2 O- C- N~ ~ gin,,, C~ H H o ~N O 0 Triethylamine (42 ~tl),
4-dimethylaminopyridine (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 da~s. Analytical HPLC indicated the reaction was
complete. The reaction was quenched by the addition of 1N potassium
bisulfate (I~ ml). The mixture was 10 extracted with ethyl acetate (100
ml). The organic Iayer was washed with brine (15 ml)) dried over magnesium
sulfate, and concentrated to give the crude product. Purifiation by flash
chromatography (30% ethyl acetate/hexane) gave the desired product (95 mg).
MS (M+H)+ 796.1, (M-H)- 794.4; 1R (film) 1 r85 cm-1. 1732 cm-i, 1G 71 cm-1,
1639 cm-1. 



15 c) I3,I~  CF3 COON 4,,, C02H N~ N ( homochiral ) O 0 0 A mixture of the
product from step (b) (95 mg, 0.12 mmol), 1N HCI 20 (145 ~tl), and 10%
palladium on carbon catalyst (61 mg) in dioxane (3 ml) was stirred under
hydrogen atmosphere (hydrogen balloon) at room   15 November 2002
temperature for 2 hours. Analytical HPLC indicated the reaction was
complete. The reaction mixture was filtered through a Celite cake and
concentrated to give the crude product as a white powder. Purification by
reverse phase HPLC using the solvent system described in Example 1(e) 5
gives the desired product (36 mg) as a white powder. MS (M+H)+ 438.1,
(M-H)- 436.3; IR (KBr) I786 cm~l, 16Z2 cm-~. Exam~Ie 20 N'IH-CF3COOH H~N~ N
~ ~''~ C02H ' H p (homochiral) I I~~I`- C- G- C ( CH3 ) 3 ~,~JO 10 G a) 0 0
( H3 C ) 3 C- O- C~- ~N--- C- C1 :~ mixture of tert-butylpiperizine
carboxylate (1.0 g) and 15 triethylamine (753 ~tlj in methylene chloride (5
ml) was added to a solution of diphosgene (326 N.1, 20lo in toluene) in
methylene chloride at 0C. The resultant mixture was stirred at 0C 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 flash chromatography (methylene chloride)
provided 913 mg of the desired product as a white solid. IR (KBr) 1680   15
November 2002 cm-1, 1747 cm-1. b) 0 II 



CH2- O- C- N C00-CH2--O O ~ ~ ~i~.,, CHI O-'C H H O 11 V -C-O-C (CH3 ) 3 0
O 5 Sodium bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 180 ~.1,
0.18 mmol) was added dropwise to a -78C solution of the benzyl ester
product of Example I(c) (85 mg, 0.I5 mmol) in tetrahydrofuran (3 ml). The
mixtur a was stirred at -78C for 90 minutes. f1 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 -78C for 5 hours. The
reaction was quenched by the addition of IN 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 I5 ml), dried over
magnesium sulfate, filtexed and concentrated to give the crude product. 15
Purification by flash chromatography (30 - 50% ethyl acetatelhexane)
provided 32 mg of the desired product as a colorless oil. MS (M+H)' 785.4,
(M-H)' 783.7; IR (neat) 1786 cm-1) 1732 cm~l, 1681 cm-1, 1640 cm-1. 20 c) ~
.cF3cooH H2N N~~~''~ C02H H ~ 0 (homochiral) IZ N-- C-- O- C ( CH3 ) 3 O O
15 November 2002 Deprotection and purification of the product from part (b)
(32 mg) according to the procedure of Example 19(c) gives 17 mg of the
desired product as a white fluffy powder. MS (M+H)' 427.1, (M-H)- 425.2; IR
(KBr) 1792 cm-i, 1670 cm-'. 5 Example 21 NI'HHC1 H2N~ N~i,,) C02H H O
(homochiral) C _ ( CH3 ) 3 O 0 10 a) (H3C13C-~~~ ~ C H"_C(CH3)3 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 mI) 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) 



0 Hrr rr-c-N-c ccH3) 3 ~..J H.   15 November 2002 The product from part (a)
(0.475 g, 1.67 mmol) was suspended in methylene chloride (4 ml) and
triffuoroacetic acid (4 ml) was added over I minute. The mixture was
stirred at room temperature. After 1 hour, the mixture 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~ ml). The organic phase was washed with
saturated sodium chloride (1 x 50 ml), filtered, dried over sodium sulfate,
and condensed to obtain 0.I13 g of the desired product as a white solid. c)
0 ~CH2_O-C_~1 C00--CFi~--~ 0 ~ il ~C~'C-C-N 0 IT N H---C(CH3)3 U 10 0 A
solution of the benzyl ester product from Example 1(c) (65 mg, 0.114 mmolj
in methylene chloride (1 ml) was cooled to -10C and triethylamine (24 ~.1,
O.I 7 mmol) was added, followed by the addition of 20% phosgene in toluene
(0.15 ml, 0.285 mmol). 4fter 90 minutes at 15 -10C, the mixture was
evaporated ira urzcuo. The residue was taken up in methylene chloride (1
ml) and cooled to -10C. Triethylamine (24 p.l, 0.I7 mmol) was added,
followed by the addition of the piperazine product from part (b) (21 mg,
0.114 mmol). The mixture was stirred at -10C. 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 (I x 30 ml), dried over sodium sulfate, and concentrated to
obtain a pale yellow oil. Purification by preparative HPLC (reverse phase,
methanol, water, trifluoroacetic acid) gave 27 mg of the desired product as
a white foam. 25 MS 784.2 (M+H)+; IR (film): 1787.1, 1741.9, I636.6 cm-1.
15 November 2002 d) NHHC1 H2N~N~/i~,,, COZH H O (homochiral) ^N~C~N-C (CH3)
3 O ~ ~...I H O 5 A solution of the product from part (c) (25 mfl) 0.032
mmol) in 1,4 dioxane (7 ml) was treated with 1N HCl (40 ~1, 0.038 mmol) and
10% 



palladium on carbon catal~rst (15 mg). Hydrogen gas was bubbled through the
mixture for 2 hours. The reaction 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 1~ rng of the desired product as a white
lyophillate. I1-IS 428.1 (11I+H)+, 424.3 (M - H)-;iR (KBr) 1780 cm-I.
Example 22 15 NIH  HC 1 H N~ N~~~''~ C02H 0 y"' N~ c~c ( cH~ ) 3 0 ~ U
(homochiral) ' 0 a) 0 i! .... C ( Cg3 ) 3 (H3C) 3C-0-C-~N-C-CH2 20   15
November 2002 A solution of tert-butyl-I-piperazine carboxylate (0.5 g,
2.58 mmol) in methylene chloride (5 ml) was cooled to 0C. N,N-Diisopropyl
ethylamine (0.42 g, 3.22 mmol) and 4-dimethylaminopyridine (30 mg) were
added, followed by the addition of tent-butyl acetyl chloride (0.36 g, 5
2.68 mmol) over 1 minute. The mixture was stirred at 0C for 2 hours. After
two hours, the mixture was partitioned between water (20 ml) and ethyl
acetate (2 x 20 nll). The organic layer was washed with brine (1 x ?5 ml),
dried over sodium sulfate and condensed to give 0.?63 g of the desired
product as a white solid. MS 285.0 (M + H)+. 10 b) -c ccH HN~1~- C-- CHI 3
~ 3 The product from part (a) (0.? 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 irt 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 (1VI + H)+. c) q 



Cl-C- ~ -C--CH2-C (CH3 ) 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, L48 mmol) in
methylene chloride (2 ml) at 0C followed by the addition of triethylamine
(82 lt.l, 0.59 mmol). The 25 mixture was stirred at 0C 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 1N HCl (40 ml),
brine (50 ml)) dried over   15 November 2002 sodium sulfate and condensed
to give a brown oil. Purification by flash chromatography (silica gel, 0 -
30% ethyl acetate/Hexane) gave 70 mg of the desired product. d) 0
~CH2-O-C-N O Il ~ ~n~.. COz-CH2 O_~--CHZ U-C H U O ~CfCH3)3 IfO ' o The
product from part (c) (70 mg, 0.122 mmol) was dissolved in tetrahydrofuran
(1 ml) and cooled to -78C. Sodium bis (trimethylsilyl)amide (0.15 ml, 0.I46
mmol) was added over one minute and the mixture was stirred at -78C for 1
hour. A solution of the benzyl 10 ester pr oduct from Example 1(c) (36 mD,
0.146 mmol) in tetrahydrofuran (0.5 mI) was added and the reaction mixture
was stirred at -78C. After 2.5 hours, the reaction mixture was quenched
with 0.5 N potassium bisulfate solution (25 ml) and extracted with eth~=1
acetate (2 x 25 mI). 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, trifluoroacetic acid)
gave 21 mg of the desired product as a colorless oil. MS ?83.4 (M + I-~+)
?81.3 (M - H)'. e) N'IHHC1 H2N~ N^/ 4, C02H O (homochiral) ~ a N
N~C~CtCH3)3 0 20 0   15 November 2002 



The product from part (d) was deprotected and worked-up as described in
Example 21(d) to give 12 mg of the desired product as a white lyophilate.
MS 42.1 (M+H)*, 423.3 (M - H)-; IR (KBr) I786, 1736 cm-1 5 Example 23
NHCF3COOH H N~N~~'' C02H g 0 (homochiral) Il 0 ~ ~N--C-(CH2) ~~ 0 , a) 0 0
(H3C) 3C`O-IC_ ~I3-C_ (CHz ~ `~ 10 N,N-Diisopropylethylamine (560 ~tl).
4-dimethylaminopyridine (33 mg) and a solution of 3-phen~lpropanoic acid
chloride (400 ~tl, 2.69 mmol) in methylene chloride (2 ml) were added to a
0C solution of tert-butyl-1 15 piperazine carboxylate (500 mg, 2.68 mmol)
in methvlene chloride (4 ml). The mixture was stirred at 0C 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) n ( CH2 ) 2-C--~NH CF 3COOH   15 November
2002 A mixture of the crude product from part (a) (860 mg, 2.68 mmol))
trifluoroacetic acid (10 ml) and methylene chloride (10 ml) was stirred at
room temperature for 1 hour. TLC showed the reaction was complete. The 5
solvent was removed and IN sodium hydroxide solution (15 ml) was added. The
mixture was extracted with ethyl acetate (100 ml). The combined organic
solution was washed with brine (10 ml), dried over magnesium sulfate,
filtered and concentrated to give 238 mg of the desired product as a yellow
oil which was used without further purification. IO IR(film) 1fi33 cm-1. ,
c) o ^ o ( CH2 ) ~-C- ~ -C-C1 A mixture of the product from part (b) (200
mg, 0.92 mmol) and 15 triethylamine (154 ~1) in meth3~lene chloride (4 mh
was added to a solution of phosgene in toluene (584.1,11. 20%) at 0C. The
resulting mixture was stirred at 0C for 20 minutes. TLC showed the
completion of the reaction. The solvent was removed. and anhydrous ether
(50 mll was added. The miaaure was filtered and the filtrate w as
concentrated to give 20 the crude product as a yellow oil. Purification of
the crude product by flash chromatography (50% ethyl acetatelhexanes)
provided 235 mg of the desired product as a yellow oil. IR(film) I741 em-1,
1?03 cm.~.   15 November 2002 d) 0 



V t--CH2-- O- IC_ N O ~ C02 -CHz-_ I I ~ /~ ~i~~.. O~-CHz O-C H H O N -
N-C- tCFi2 ) 2~ 11 0 0 Sodium bis(trimethylsilyl)azide (1.0M in
tetrahydrofuran, 210 ~tl, 0.21 mmol) was added dropwise to a -78C solution
of the benzyl ester 5 product from Example 1(c) (I00 mg, 0.17 mmoi) in
tetrahydrofuran (2 ml). The mixture was stirred at -78C 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 -78C for 2.5 hours.
Analytical HPLC indicated that the startinn material was not completely
consumed. This 10 was quenched with the addition of 1N 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)" 8I7.1, (M-H)- 815.4.
e) N'`HCF3COOH H N~ N~~~'~~ 002H g p thomochiral) I O N N-C- t CHz ) z U 0
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   82
15 November 2002 white powder. MS (M+H)' 459.2, (M-H)- 457.4; IR (KBr) 1790
cm-1, 1680 cm-1. Example 24 5 NHHC1 C02H O H2l~i H ~i., N~ OCH3 NJ
(homochiral) 0 O a) o ~ c (H3C) 3C--0-C- ~ --C-OCH3 10 A solution of
tert-butyl-1-piperazine caxbox5 sate (0.5 g, 2.68 mmol) in methylene
chloride (5 ml) was cooled to 0C. N,N Diisopr opylethylamine (0.42 g, 3.22
mmolj 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 0C 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 73 ml), dried over sodium
sulfate and condensed to give the desired product as a cream colored solid
(0.636 g). 20 b) 0 HI~1~ -C- OCH3 The product from part (a) (0.3 g, 1.23
mmol) was dissolved in methylene chloride (3 ml) and cooled to 0C.
Trifluoroacetic acid (3 ml)   83 15 November 2002 was added and the mixture
was warmed to roam temperature and stirred for 1 hour. The mixture was then
evaporated in uacuo. The residue was dissolved in water, the pH adjusted to
12 - 13 with 6 N sodium hydroxide, and extracted with ethyl acetate. The
organic phase was washed with 5 brine) dried over sodium sulfate and
condensed to give 91 mg of the desired free amine product. IR(film) 1696.2
cm-'; MS 144.9 (M+H)'. c) o ~ o C1-C- ~ -C-OCH3 10 :~ mixture of the
product from part (b) (89 mg. 0.617 mmol) and triethylamine (86 ~,1, 0.59
mmol) in methylene chloride (2 ml) was added to a mixture of phosgene (D.82
ml of a 20% phosgene in toluene solution, i.54 mmol). The mixture was
stirred at 0C for 1 hour. The reaction mixture was then partitioned between
water (25 mI) and ethyl acetate (2 x 15 25 ml). The organic phase was
washed with 1N HCl (40 mi)) 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, 17 04.7 cm-1. d) 0 II ~' CHZ! 0- C N Co2 CH2-.. /Irr,, CHZ-
O-'C N ~ ~H /"'1 o ~ ~"~ V ~~ 0~3 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 -78C. Sodium bis(trimethylsilyl)amide (0.23 ml, 0.234 mmol)
was added over 1 minute   $4 15 November 2002 and the mixture was stirred
at -78C for 1 hour. A solution of the product from part (c) (48 mg) 0.234
mmol) in tetrahydrofuran (1 ml) was added and the reaction mixture was
stirred at -78C. After 1 hour) the mixture was quenched with 0.5 N
potassium bisulfate solution (25 ml) and extracted 5 with ethyl acetate (2
x 2~ 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 desir ed product as a colorless oillfoam. MS 743.1
(M+H)*, 74L4 (M - H)-; IR(film) 1786.6 cm-;. 



10 e) N`'HHC1 ~/ ~~,,. COZH O H2N~ H OCH3 (homochiral) O O Deprotection of
the product from part (d) (22 mg, 0.02 t mmol) and 15 work-up as described
in Example 21(d) gave 12 mg of the desired product as a white lyoghilate.
MS 385.1 (11'I+H)+, 383.2 (M-H)-: IR(film) I786 cm-1. Example 25 Nfi  HCl
Ii2N- _ H~~~. C02H . 0 N N~C~O--(CH2) 3~ O 20 0 (homochiral)   $5 15
November 2002 a) 0 C1----C-O- (CHZ) 3~ 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 0C. The
mixture was stirred at 0C for 5 hours. The reaction mixtuxe was evaporated
in Uczcuo to give a colorless oil. Purification by flash column
chromatography (silica gel, 0 - 5% ethyl acetatelHexane gave 1.33 g of the
desired product. 10 b) o `_` '' o (H3C) 3-'C-~-"C-N N-C-O-(CH2) 3~ A
solution of tent-butyl-1-piperazine earboxylate (0.2, 1.07 mmol) in
methylene chloride {3 ml) was cooled to 0C. N,N-Diisopropylethylamine 15
(0.25 g, 1.93 mmol) and 4-dimethylaminopy ridine (~ - 7 crystals) were
added, followed by addition of a solution of the product from part (a) (0.2
g, 1.0 i mmol) over 1 minute. The mixture was stirred at 0C 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) 0 N-C-O-(CHZ) 3~ 25 The product from part {b) (0.35 g) 1.03
mmol) was dissolved in methylene chloride (4 ml) and cooled to 0C.
Trifluoroacetic acid (4 ml)   a6 15 November 2002 was added over 1 minute
and the mixture was warmed to room temperature and stirred for 1 hour. The
mixture was then evaporated in uavuo. The residue was dissolved in water,
the pH was adjusted to 12 - 13 using 6 N sodium hydroxide and extracted
with ethyl acetate. The organic 5 phase was washed with brine) filtered
over sodium sulfate and concentrated to give 0.23 g of the desired product
as a white solid. MS 248.9 (M + H)+. 



d) 0 0 cl-c-~ rr-c-o-(cxz)3~ l0 A solution of the product from part (c)
0I00 mg. 0.403 mmol) in methylene chloride (1 mI) was added to a mixture of
phosgene (0.53 ml of a 20% phosgene in toluene solution, 1.01 mmol)
followed by the addition of 15 triethylamine (60 ~t.l) 0.403 mmol). The
mi~.rture was stirred at 0C for 1 hour. The reaction mixture was then
partitioned between water (25 ml) and ethyl acetate (2 ~. 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
e) 0 ~CH2-O-C N COz_CHzO ~ >>~.. O C O-C-N' _N O H H II O ~N-'-C-O-(CH2) 3~
O A solution of the benzyl ester product from Example 1(c) (43 mg, 0.075
mmol) in methylene chloride (1 ml) was cooled to 0C and   15 November 2002
triethylamine (11 mg) 0.113 mmol) and 4-dimethylaminopyridine (6-8
crystals) were added. A solution of the pxoduct from part (d) (58 mg) in
methylene chloride (0.5 ml) was added and the mixture was stirred at 0C for
45 minutes followed by stirring at room temperature fox 3 hours. The 5
mixture was then evaporated in uacuo. Purification of the residue by flash
column chromatography (silica gel, 30% ethyl acetatelhexane) gave 40 mg of
the desired product as a pale yellow oil. MS 847.1 (M + H)*, 845.4 (M  H
)~; IR (film) 1784 cm-1. 10 f) NIIHHCi H2N~N~i,,) CO~H H 11 N N-C-O- ( CH2
) 3~ o 0 (homochiral) Deprotection of the product from part (e) (40 mg,
U.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-'. Example 26 



NHHCl H N~N~~~'~~ C02H H /"~ (homochiral) ~~NHHC1 ~/O O 20   $a 15 November
2002 a) 0 il (H3C) 3-C-G'-C-N~N--C-Cl A solution of tert-butyl-1-piperazine
carboxylate (0.5 g, 2.8 mmol) in 5 methylene chloride (1 ml) was added to a
mixture of phosgene (3.6 ml of 20% phosgene in toluene solution) 6.71 mmol)
in methylene chloride (2 ml) at 0C. Triethylamine {0.27 g, 6.7I mmol) was
then added and the mixture was stirred at 0C 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 acetatelhexane) gave
0.515 g of the desired product as a white solid. IR (film) 1737.6. 169?.0
cm~~. 15 b) 0 II -- CHZ O- C N CO` Cry=-.-~ O I l ~i~~,. o-~c-N/`N CO~-
cx~- H n ^ o 0 ~ V ,-C_ O_^ ( CH3 ) 3 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 0C 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 0C 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   89 15 November 2002 flash chromatography
(silica gel, 0 - 30% ethyl acetate/hexane) gave 48 mg of the desired
product as a colorless oil. MS 785.1 (M + H)*, ?83.4 (M-H)'. c) O CHz 0 C N
COZ-CH2-~Q~ n ~ o ~ ~/~~,,~ C 0-C- N_ _ N H H I O ~ v CF3COOH 5 O The
product from part (b) (40 mg, 0.051 mmol) was dissolved in 



methylene chloride (1 ml) and cooled to 0C. Trifluoroacetic acid (1 ml) was
added over 1 minute and the mixture was warmed to room temperature and
stirred fox 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) N'IFi  HC 1
H2N~ H~i,,,. C02H 1 (hornocniral? HC1 0 0 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 cm-~. 20   15 November 2002
Example 2? NHHC1 H N~N~~~'~ C02H H N N 0 ~ ~J o,~~0 (homochiral) O 5 a) 0 "
'-` o (HgC) 3--'C"O_'C- ~ -S02 A solution of tert-butyl-1-piperazine
carboxylate (0.2 g, 1.07 mmol) in methylene chloride (2 ml) was cooled to
0C. N,N dusopropylethylamine (0.167 g, 1.28 mmol) and 4-dimethy
laminopyride 10 (30 mg) were added, followed by addition of benzenesulfonyl
chloride (0.19 g, 1.0? mmol) over 1 minute. The mixtur a ws stirred at 0C
for 2 hours. After two hours, water (20 ml) was added to the mixture and
extraced with ethyl 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) 



HrT --S02-( U ) ~/ The product from part (a) (0.35 g, 1.07 mmol) was
dissolved in 20 methylene chloride (3 ml) and cooled to 0C. 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
uacuo. The residue was dissolved in water) the pH adjusted to I2 - 13 using
6 N sodium hydroxide and extracted with ethyl acetate. The organic   15
November 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.
MS 226.8 (M+H)+. 5 c) O C1-C-N \N-SOz A mixture of the product from part
(b) (100 mg, 0.442 mmol) and triethylamine (62 ~.1, 0.442 mmol) in
methylene chloride (1 ml) was added to a mixture of phosgene (0.59 ml of a
20% phosgene in toluene solution, 10 1.1 mmol). The mixture was stirred at
0C 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 --CHZ O-C N
C02_CHz-O ~ ~~n.. O CH O-C-N"N H H 0 r~ ~/ i~ S\\ O O O 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 0C and triethylamine (17 mg, D.168 mmoi) 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 0C
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   92 15 November 2002 



by preparative HPLC (reverse phase, methanol, water, triffuoroacetic acid)
gave 28 mg of the desired product as a colorless oil. MS 825.I (M+H)+. 5 e)
NHHC1 H2N~Ny ,,~, C02H H ~ N N.~ \ O ~ ~ ~,y ( homochiral O 0 O The product
from part (d) (23 mg) 0.03 mmol) was deprotected and worked-up as described
in Example 21(d) to give 12 nag of the desired product as a white
lyophilate. MS 4G 7 .0 (11I+H)T, 465.3 (M-H)- ;IR (film) 10 1787.20 1662.13
cm~ 1. Example 28 N'IHHCl H2N~ H^/i,. C02i~ . (homochiral) ~T~G-C-O-CH2-CH
(CH3) 2 0 O 15 a) 0 0 (H3C)3-"C'_p_~C- ~ ~C-p-CHz_CHtCIi3)2
Diisopropylethylamine (30 mg)) 4-dimethylaminopyridine {30 mg) and a
solution of isobutyl chloroformate (366 N.1, 268 mmol) in methylene
chloride (2 ml) were added to a 0C solution of tent-butyl-I-piperazine 20
carboxylate (500 mg, 2.68 mmol) in methylene chloride (2 ml). The mixture
was stirred at 0C for 1 hour. The reaction was quenched with the addition
of water (20 ml). The mixture was extracted with ethyl acetate (2   93 15
November 2002 x 50 ml). The organic layers were combined and washed with
brine (2 x 10 ml), dxied over magnesium sulfate) and concentrated to give
819 mg of the desired product as a yellow solid; IR(film) 1701 cm-1, 1688
cm-1. b) 0 -C--O-CH2-CH (CH3? 2 5 A mixture of the crude product from part
(a) (800 mg, 2.79) mmol), trifluoroacetic acid (10 ml) and methylene
chloride (10 ml) was stirred at room temperature for 1 hour. TLC showed the
completion of the reaction. The solvent was removed and 1N sodium hydroxide
solution (15 ml) was 10 added. The mixture was extracted with ethyl acetate
(100 ml). The combined organic solution was washed with brine (10 ml),
dried over magnesium sulfate, filtered and concentrated to give 511 mg of
the desired product as a yellow oil which v~as used without further
purification. IR(film) 1692 cm-1. 15 c) 0 0 CZ-~C- ~ -C-p-CHZ...CH (CH3 ) 2
A mixture of the product from part (b) (47 7 mg, 2.56 mmol) and 



triethylamine (432 ~1} in methylene chloride (5 ml) was added to a 20
solution of phosgene in toluene (1.6 ml, 20%) at 0C. The resultant mixture
was stirred at 0C 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) i741 cm-1, 1703
cm-1.   94 15 November 2002 d) 0 II CH2-O- C- N C02-CH2-O O C O-C-N- 'N H H
^ 0 O ~ ~ -C-O-CH2-CH ( CH3 ) 2 0 Triethylamine (36 ~tl),
4-dimethylaminopyridine (30 mg} and a solution of the product from step (c)
(65 mg) 0.24) in methylene chloride (1 5 ml) were added to a solution of
the benzyl ester product from Example 1(c) (100 mg) 0.1? mmol) in methylene
chloride (1 ml). The mixture was stirred for 4 hours at room temperature.
Analytical HPLC indicated that the reaction was complete. The reaction was
quenched by the addition of 1N potassium bisulfate (15 mi}. 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 ?85.2 (M+I~+,
?83.4 (M-H)-. 15 e) N~~HHC1 HZN~ N~ i,,~. C02H H 0 ~ N-C-O-CH2wCH (CH;? 2 O
O (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+I~+ 427.1, (M-H)- 425.3; IR (KBr) 1786 20
cm-1, 1653 cm-1.   95 15 November 2002 Example 29 N'IHHCl H?N~ N~i,,~, C02H
~ H N' 'O-(CH2) 2 O I ~N (homochiral) O 0 5 a) O C1--C- ~ -C-p-(CHZ) 2~
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) 0 CHZ O- IC N COz
CH2-O ~ii~.. O CHT' O-'C' N~ N H I O ~ N-C-O-(CHZ) 2~ O A solution of the
benzyl ester product from Example 1(c) (69 mg, 0.121 mmol) in methylene
chloride (1 ml) was cooled to 0C and triethylamine (18 mg, 0.181 mmol) and
4-dimethylaminopyridine (6 - 8 Z5 crystals) were added. A solution of the
product from p art (a) (54 mg) in methylene chloride (1 ml) was added and
the mixture was stirred at 0C for 45 minutes followed by stirring at room
temperature for 2.5 hours. The mixture was then evaporated ira vacuo.
Purification of the residue by flash chromatography (silica gel, 0 - 30%
ethyl acetatelHexane) gave 90 mg of 20 the desired product as a colorless
oil. 112S 833.1 (M+H)+, 831.4 (M-H)'; iR (film) 1?86) 1737.7 cm-I.   96 15
November 2002 c) NHHCl Q N~O-(CHz) z H2N~ H~'',~~ COzH .O I (homochiral)
~~0 O 5 The product from part (b) (85 mg, 0.108 mmol) was deprotected and
worked-up as described in Exampie 21(d) to give 34 mg of the desired
product as a white lyophilate. AZS 475.1 (M+H)+) 473.4 (M-H)'; IR (film)
I783 cm~l. I665 cm-1. 10 Example 30 CF3COOH H2N H ~,/ i,,~, COzH 0 O ~N C 0
(homochiral) a) Cvclohexyl chioroformate A mixture of cyclohexanol (500 mg)
5.0 mmol) and triethylamine 15 (8$6 ~.~L) is methylene chloride (4 ml) was
added to a 0C solution of phosgene in toluene (5.3 ml, 20l0). The resultant
mixture was stirred at 0C 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 nag
of the desired 20 product as a colorless oil which was used without further
purification. IR 



(film) I770 cm-1.   15 November 2002 b) o ~ o (CH3) 3-C-O-C-~N-C-0'-( )
Diisopropylethylamine (5fi0 ~tl), 4-dimethylaminopyridine (30 mg) and a
solution of cyclohexyl chloroformate (473 mg, 2.68 mmol) in 5 methylene
chloride (2 ml) were added to a 0C solution of tert-butyl-1 piperazine
carboxylate (500 mg, 2.68 mmol) in methylene chloride (3 ml). The mixture
was stirred at 0C and warmed to room temperature over 4 hours. The reaction
was quenched with the addition of water (15 ml). The mixture was extracted
with ethyl acetate (100 ml). The organic layer was 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) --~- o 15 A
mixture of the crude product from part (b) (832 mg, 2.68 mmol),
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 mI) 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 desixed product as a light
yellow oil which was used without further purification. d) o ^ o C1-C-iZ
N-C-O 25   9$ 15 November 2002 A mixture of the product from part (c) (459
mg) and triethylamine (448 ~tl) in methyiene chloride (2 ml) was added to a
solution of phosgene in toluene (2.1 ml, 20%) at 0C. The resultant mixture
was stirred at 0C for I hour. TLC showed the completion of the reaction.
The solvent was 5 removed and anhydrous ether (50 ml) was added. The
mixture was filtered and the filtrate was concentrated to give the crude
product (626 mg) as an orange oil. Purification of the crude product
provided 626 mg of the desired product as a yellow solid. IR (film) 1740
cm-1 169? cm-1. e) O (I 



CHy O- C N COZ CFi2-^-~Q 0 ~. ~~i.~. ~~O-IC~H H O . ~._/ - I _ O 0 10 O
Triethylamine (34 Ill)) 4-dimethylaminopyridine (20 mg) and a 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) (I13
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 acetatelhexane) gave I13 mg
of the desired product. IR (film) I786 cm-1, 1734 cm-1, 1683 cm-1, 1639
cm-1.   99 15 November 2002 ~'Ix.cF3cooH H2N~ H ^/ i~,,. C02H (homochiral)
0 U O O Deprotection and purification of the product from part (e) (113 mg,
0.14 mmol) according 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-1, 1674 cm-1. Example 31 NFiHCl y,,,. C02H O --C-C ( CH3 ) 3 0 O
(homochiral) IO a) o ~ o C1-C- ~N--C~-C (CH3) 3 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.   



100 15 November 2002 b) 0 CH2 _ ~ C_ N l~r~. O~-CHyO-CN ~ vN O O ~ NV - C-C
( CH3 ) 3 O Triethylamine (24 mg, 0.236 mmol) and 4-dimethylaminopyridine
(8 - 10 crystals) were added to a solution of the benzyl ester product from
5 Example 1(c) (90 mg, 0.157 mmol) in methylene chloride (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 0C 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) 0 - 30% ethyl acetatelHexane) gave 89 mg of the desired product as a
colorless. MS ?69.4 (M+H)*, 767.6 (M-H)'; IR (film) 1785.4, 1733.4, 1679.4)
1635.9 cm-1. c) . NHHCl H2N~ H ^/ i~,,. C02H 0 ~~N--C- C ( CH3 ) 3 O
(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-I~'; IR (KBr) 1788.0, l742.0 cm-1.   101 15 November 2002 Exam,~~le 32
The product of Example 21 was also prepared as follows: a) p ~ o (H3C?
3C-O--C-I~1~ -C-~-C (CH3 ) 3 5 A solution of tert-butylisocyanate (10.28 g,
103 mmol) in methylene chloride (20 ml) was added over 2 minutes to a
solution of tert-butyl-1piperazine carboxylate (9.17 g, 49.2 mmol) in
methylene chloride (40 ml) at 0C under nitrogen. After stirring the
reaction mixture at room temperature for 2 hours, the reaction mixture was
poured into hexane (60 10 ml). The resulting precipitate was collected by
filtration and washed with hexanelmethylene chloride (2:1) (2 a 50 ml). The
combined eluent 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 Z4.1 g 15 of the desired product. MS 286.2 (M+H)+. b) IC1 H - C- N-
C t CH3 ) 3 Triffuoroacetic acid (23 ml) was added dropwise over b minutes
to a 20 solution of the product from part (a) (14.1 g) 49 mmol) in
methyiene chloride (25 ml) at 0C under nitrogen. The reaction mixture was
stirred at 0C 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  



102 15 November 2002 combined organics were dried over sodium sulfate,
filtered and concentrated to give 11 g of the desired product as a white
solid. c) u ~"~ 101 H C1 C- V -C--N-C(CH3)3 5 A solution of the product
from part (b) (about 11 g) in methylene chloride: acetonitrile (1:1, 40 ml)
was added dropwise over 10 minutes to a solution of phosgene (20% in
toluene, 70 ml, 132 mmol) at 0C under nitrogen. Triethylamine (30 ml) was
then added dropwise over 5 minutes. The reaction mixture cvas then stirred
at room temperature for 2 hours. 10 The reaction mixture w as transferred
to a separatoiy funnel, diluted with ethyl acetate (150 mI) and washed with
2N HCl (2 ~: 150 ml). The organics were dried over sodium sulfate. filtered
and concentrated to a yellow oil. Purification by flash chromatrography
(silica gel, 0 to 50% ethyl acetate in hexane) provided 7.8 g of the
desired product. I5 d) 0 (I O CH2- O--C- ~ C04-CH2-O- C- 1 ~~n.. O~--- CH ~
` ~ v~ H H I ^ O H O N~ V -C-N-C(CH3)3 0 The carbamoyl chloride product
from part (c) (4.5 g, 18.2 mmol), 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) (lg) 4 mmol) and triethylamine (1 ml, ? mmol) were
added. The reaction was stirred for an additional 3 hours. The reaction was
diluted with   103 15 November 2002 hexane (5 ml) and the crude reaction
mixture was loaded onto a silica column (wetted with hexane) for
purification by flash chromatography (0 to 60% ethyl acetate in hexane) to
provide 7.46 g of the desired product. MS 784.4 (M+H)+, 782.2 (M-H)' . 5 e)
C02H ~ii~. H2N H H O N N^N- O- N- C ( CH3 ) 3 L O (homochiral) Water (50
ml), concentrated HC1 (0.8 m1. 9.6 mmol) and 10% palladium on carbon
catalyst (?.~ 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. Hydrogen 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 100m1) until no product I5 could be detected in
the eluent. The solution was frozen and lyophilized to give 4.5 g of a
white solid. Purification by HPLC (r everse phase, methanol) water,
trifluaroacetic acid), subsequent lyophilization, filtration through
polyvinylpyridine with a water mobile phase, and final Iyophilization
proved 3.3 g of the desired product as a voluminous white solid. MS 426.2
20 (M + H)+, 424.4 (M - H)'; IR (KBr) 1777 cm-1. Anal. calc'd for
C~sHs~N70~ 1.56 HaO: C, 47.66; H, 7.58; N, 21.62; 0, 23.14 Found: C,47.58,
H,7.37; N, 21.4I.   104 15 November 2002 



Example 33 NHCF3COOH COZH (homochiral) 0 0 ~N-C-CH2 0 a) II /'-~ - o /~ (H;
C) 3C-O-C-N~N-C-CHI ~.I5 Following the procedure of Example 23(a) but
substituting phenylacetyl chloride for the 3-phenylpropanoic acid chloride,
the desired compound was obtained as a yellow solid. b) 0 ' HN NN-- C-
CH2-( < J ) 10 `--rr A mixture of the product from part (a) (2.68 mmol),
trifluoroacetic acid (10 ml) and methylene chloride (10 ml) was stirred at
room temperature for 90 minutes. TLC showed the completion of the reaction.
The solvent was removed and IN sodium hydroxide solution (10 ml) w as 15
added. The mixture was extracted with ethyl acetate (I00 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 c) o ~..~ o c 1-
c- ~N-c- cHz   105 15 November 2002 A mixture of the product from part(b)
(113 mg, 0.55 mmol) and triethyiamine (92 ~,1) in methylene chloride (1 ml)
was added to a solution of phosgene (351 ~1, 20% in toluene) in methylene
chloride (1 ml) at 0C. The resultant mixture was stirred at 0C for 2 hours
and worked-up 5 according to the procedure of Example 23(c) to give ?4 mg
of the desired product as a yellow solid. IR(fiim) 1735 cm-1, 1645 cm-1. d)
0 CH2 O- C N C02 CH` --~Q  ~~ ~~,,.. O- C-N- _ N CH~0 NON- C-CH2 0 ~ ~, ~//
0 Triethylamine (34 ~1), 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 benzyl ester product from Example 1(c)
(113 mg, 0.20 mmol) in methylene chloride (1 ml). The mixture was stirred
at room temperatur a for 2 hour s. Analytical HPLC indicated that the
reaction w as 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 ml), dried {magnesium
sulfate) and concentrated to give the crude product as a colorless oil.
Purification using flash chromatography (30 - 50% ethyl acetatelhexane)
gave 73 mg of the desired product. MS (M+H)+ 803.4, (M 20 H)- 801.5; IR
{film) I785 cm-1, 1733 cm-1) 1733 cm-1, 167? cm-1, 1640 cm-1.   106 15
November 2002 e) CF3COOH H2N N~~~'~~ C02H 



O ( homochiral. ) /~ II ~~N-C-Cfi~ ~/0 0 The product from part (d) (6 r mg,
0.83 mmol) was deprotected and worked-up according to the procedure of
Example 19(c) to give 5 mg of the 5 desired product as a white solid. MS
(11Z+H)+ 440.2, (Ni-H)' 443.4; IR (film) 1782 cm-1, 1677 cm-1. Example 34
NI'HHC1 H2N~ H ~/ i.,, C02H 101 ~N---C-O-CH_ O 0 (homochiral) 10 a) O ~ 0
~''~ Cl-C- ~ ~---C-0-CHI 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. IA (film) 1743 cm-1,
1702 I5 cm-1. b) 0 II OO--CH2-- O- C N C02-CHs0 ~ ~i~... Q 0-C-N"N O---CH~H
g ~ ~ O O IZ _N N-C-O--CH2 ~~~/0   107 15 November 2002 The product from
part (a) is reacted with the benzyl ester product from Example 1(c)
according to the procedure of Example 30 (e) to give the desired product as
a colorless oil. IR (film) 1786 cm-1, I732 cm-1, 1680 cm-1) 1639 cm-'. 5 c)
I'~ITHHC1 H2N~ H^/!i, COZH O -C--O-CH2 0 0 (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)+
4fi7.3, (M-H)- 4G~.~: IR (KBr) 1778 cm-1, 1541 cm-1. 10   108 15 November
2002 Example 35 HC1 O H N N~ ~'''. [Cr' D~ C2H5 H O ~N~N-C(CH3)3 0 ~ ~/ H O
(homochiral) a) O CH2 O- C_ N . 0 C-O-CzHs O ( V }--CIiTO-C-N N F: H I NH 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
~.1, 0.332 mmol) in dimethylformamide (200 ~1) at room temperature. After 3
hours) the reaction mixture was partitioned 10 between ethy 1 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. I5 b) 0 CH2- O- C- N
C- O- C2H5 O Eli.. CHI- 0- IC- N N H ~~ V '-C~N_C ~CH3) 3 H O   



109 15 November 2002 The product from part (a) (86 mg, 0.168 mmol) and the
piperazinyl carbamoyl chloride of the formula 0 ~ o cl - c- ~ -c- H- c (
cH3 ) 3 5 (56 mg, 0.227 mmol) [prepared as described in Example 32(c)J were
dissolved in methylene chloride (1.80 ml) and tetrahydrofuran (0.20 ml).
Triethylamine (35 p.l, 0.252 mmol) was added followed by
4dimethylaminopvridine (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. c) HC1 0 [C-0--02H5
H2RT Hue/ I 0 ~N~ -i -~y-C(CH3)3 Q p (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 a lyophilate. IR(KBr) 1788
cm-1. Eacample 36 CF3COOH H N N~~~~ 002H 2 H 0 (homochiral) O
~~N~C-O-0H2-CH(CH3) Z 20 0   1 10 15 November 2002 a) 0 c H3c ) 3- c- o- c-
~r~H A solution of the di-tert-butyl dicarbonate (1.09, 4.99 mmol) and
triethylamine (700 ~tl. 4.99 mmol) in tetrahydrofuran (15 ml) was added 5
dropwise over 20 minutes to a solution of homopiperazine (400 mg, 4.99
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 chromatograph~ (5% 2 I`' ammonia in 10 methanolimethylene chloride)
gave 410 mg of the desired product as a colorless oil. IR (film) 1691 cm-1.
b) 0 ~ o ( H3C ) 3- C- O- C- N~NH- C- O- CH2- CH ( CH3 ) 2
Diisopropylethylamine (380 ~,1), 4-dimethylaminopyridine (35 mg) 15 and a
solution of isobut~rl chloroformate (242 N.1, 1.87 mmol) in methylene
chloride (2 ml) were added to a solution of the product from part (a) (374
mg. 1.8 t mmol) in methylene chloride (2 ml). The mixture was stirred at 0C
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) I698 cm-1. c) 0 HN~N-c-o-cH2-cH (cH3) z 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   



111 15 November 2002 give 324 mg of the desired product as a colorless oil
which was used without further purification. IR(film) 1695 cm-1. d) o ~ o
Cl-C-NON--C-O-CH2-CH (CH3 ) 2 5 The product from part (c) (303 mg, Z.51
mmol) was reacted with phosgene in toluene (1.2 ml, 20/) at 0C according to
the procedure of Example 28 (c) to give 298 mg of the desired product as a
colorless oil. IR (film) 173 7 cm-1, 1697 cm-I. e) 0 ~CHZ-O-C-N C02-CH~--O
O ~CHZ--O-C-N N ~.J H ~ NH O ~N~N- i - O-CH2- CH ( CHI ) 2 O O 10
Triethylamine (34 N.1), 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 methylene 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 fj NHCF3COOH H2N~ N~~~''~
C02H H O (homochi.ral ) O ~N~~ It II C- O-CHz-CH (CH3 ) 2 O   112 15
November 2002 The product from part (e) (81 mg, 0.10 mmol) was deprotected
and worked-up according to the procedure of Example 19(c) to give 5 mg of
the desired product as a colorless glass. MS (M+H)+ 441.3, (M-H)' 439.4; IR
(film) 1784 cm-1, 1665 cm-1. 5 Exam lp a 37 



NIIHCF3COOH H2N~N1/~,,,. C02H g ` (homochiral) 0 0 a) o N C02-CH2 O ~ ~la.,
CHI 0-IC- N N S H H 0 N 10 O Sodium bis(trimethylsilyl)amide (1.0 1VI in
tetrahydrofuran) 154 ~1) 0.I5 mmol) was added dropwise to a -78C solution
of the benzyl ester product from Example 1(c) (80 mg, 0.14 mmol) in
tetrahydrofuran (2 ml). The mixture was stirred at -78C for 40 minutes. A
solution of 2 15 thiophenecarbonyl chloride (34 ~.1, 0.30 mmol) in
tetrahydrofuran was added. The reaction was stirred at -78C for an
additional 6 hours and was stored in a freezer (-50C) overnight. Analytical
HPLC indicated the reaction was complete. The reaction mixture was quenched
by the addition of saturated ammonium chloride solution (5 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 mI), dried (magnesium sulfate),
filtered and concentrated to give the crude product which was purified by
113 15 November 2002 flash chromatography (silica, 20 - 30% ethyl
acetate/hexane) to give 5? mg of the desired product as a white solid. MS
(M+H)+ 683.7, (M-I-~- 681.6; IR (KBr) 179f cm-1, 1734 cmu) 1640 cm-1. b)
CFgCOOH H2N N~~~''~ C02H S (homochiral) 0 v 5 0 The product from part (a)
(53 mg) 0.07$ mmol) was deprotected and 10 worke d-up according to the
procedure of Examp le 19 (c) to give 11 m g of the desired product as a
white powder. MS (M+H)+ 324.9) (M-H)- 323.1. Example 38 `NHCF3COOH H2NJ~ N
~ ~~'' C02H (homochiral) I o ~ / ~ / 0 a) 



O CH2 O- C N COz _CH2- ~ ~lly. ~CHZ-O-C-N ~ v H I 0 N ~ 0 O 15 Sodium
bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 13I ~.1, 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 -?8C. The
reaction mixture was stirred at -?8C for 30 minutes then 4-biphenylcarbonyl
chloride (29 mg, 0.134 mmol) was added   114 15 November 2002 in a single
portion. The reaction mixture was stirred at -78C for 5 minutes and then at
-15C for i5 minutes. 1N HCl (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% ethyl
acetate in hexane) gave 28 mg of the desired product. IR (film) I797 cm-1;
MS 753.1 (11I+H)+. b) N''HCF3COOH H2~~ H~/i~., C02H (homochiral) O 10 . The
product from part (a) (28 mg, 0.03 i 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-i: MS 395.1 (M+H)+, 393.3
(M-H)-. 15 Example 39 CF3COOH H2N N~~~'~~ C02H H O a) Biphenvlacetvl
chloride homochiral) 20 Oxalyl chloride (246 ~,1, 2.86 mmol) and one drop
of dimethylformamide were added dropwise to a suspension of    115 15
November 2002 biphenylacetic acid (30 mg, 1.41 mmol) in methylene chloride
(IO 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. 5 



b) 0 CH2 O- C N C02 CH2-0 ~CH~-'0_iC_N H H I N 0 Sodium
bis(trimethylsilyl)amide (1.0 hi in tetrahydrofuran, 315 ~,1, 0.31 mmol)
was added dropwise to a -78C solution of the benzyl ester 10 product of
Example 1(c) (120 mg) 0.2I mmol) in tetrahydrofuran (3 ml). The mixture was
stirred at -78C for 2.5 hours. A solution of biphenylacetyl chloride (58
mg, 0.25 mmol) in tetrahydrofuran (1 ml) was added. The reaction mixture
was stirred at -78C for an additional 2.5 hours and was stored in a freezer
(-50C) overnight. The reaction mixture I5 was partitioned 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 acetatelhexane) to give 22 mg of the
desired pxoduct as a yellow solid. MS 20 (M+H)+ 767.1; IR (KBr) 179fi cm-1,
1730 cm-1, I640 cm-1.    116 15 November 2002 c) NI'HCF3COOH H2N~H~i,,~.
C02H I O homochiral) The product from pairt (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:
1~ZS:(:~-T+H)+ 409.2,(M-H)' 40?.2: IR (KBr) 1782 cm~i, 1684 cm~l, 1G4 cm-1
Example 40 NHHC1 C02H ` (homochiral) ' NJ ~J 0 10 0 a)
4-Benzvlpiperidinvlcarbonvl chloride 4-Benzylpiperidine (0.5 g) 2.86 mmol)
was added to a mixture of phosgene (3.8 mI of 20% phosgene in toluene
solution, 7.13 mmol). The mixture was stirred at 0C 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 HCl (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 acetatelhexane) gave 0.47 g of
title product. IR (film) 1733.1 cm-1.  



117 15 November 2002 b) 0 CHZ- O- C N C02 CH2-~O~ O ~ ~ ~i~.. \ O-C~--~~ H
N ~~i(0 O Triethylamine (17 mg, 0.16 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 0C.
4-Benzylpiperidinylcarbonyl chloride (39 mg, 0.165 mmol) was added and the
mixture was stirred at 0C for 4~ minutes followed by stirring at room
temperature for 2.5 hours. The mixture was then evaporated in uacuo.
Purification of the residue by flash chromatography (silica gel, 0 - 30% IO
ethyl acetatelliexane) gave 68 mg of the desired product as a colorless
oil. MS 774.2 (M+H)+, 7 72.4 (M-H)-; IR (film) 1785.1, 1732.0) 1674.2,
1639.3 cm-1. c) NHHC1 H2N~N~~~'~ C02H (homochiral) H ~ \ ~N ~0 0 15 The
product from part (b) (fi5 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
lyophiiate. MS 416.2 {M+H)+, 414 (M-H)-; IR(KBr) 1784, 1857 cm-I.   118 15
November 2002 Example 41 NI'HHC1 H2N~ Ny ,,~. C02H H ~N O (homochiral) 0 a)
N-Piperidinvlcarbonvl 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 0C. The mixture was stirred at 0C for
1 hour. The reaction mixture was evaporated irz 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.I62 g of the title product. IR (film)
1738.9 cm-1. 



b) 0 CH2- O- C-N C02 -CH2 //rr,. ~CH~ G--C-N I /~v N ` /N J ~'tO 0
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 0C.
N-Piperidinylcaxbonyl 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) 1'183.9, I731.0 cm-i.   119 15 November 2002 c) NHHC1 H N~ N~~~'~.
C02H 2 H ~N ~0 (homochiral) 0 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 (A-T+H+), 324.3.
(M-H)-. Example 42 N'fHCFzCOOH H2N~H~/i,,~. COzH N I O ~ (homochiral) 10 a)
L2.3,4-Tetrahvdroisoguinolinvlcarbonvl chloride
1,2,3,4-Tetrahydroisoquinoline (0.5 g. 3.76 mmol) was added to a cooled
mixture of phosgene (o ml of 20% phosgene in toluene solution) 9.4 mmol) in
methylene chloride (5 ml) at 0C. The mixture was stirred at 15 0C for I
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 acetatelhexane) gave 0.586 g of the desired product. IR (film)
1735.3 cm-1.   



120 15 November 2002 b) 0 CH2- O- C- N C02 -CHI--~O~ ln,, CHI- O- C- N N H
H I N Nr O O 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 0C.
1,2,3,4-Tetrahydroisoquinolinylcarbonyl chloride (39 mg, 0.2 mmol) was
added and the mi~,rture was stirred at room temperature for 2.5 hours. The
mixture was then evaporated i~a vacuo. Purification of the residue by flash
column chromatography (silica gel, 0 - 30% ethyl acetatelhexane) 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. c) CF3COOH Vii,,,
C02H H2N H i N I / O ~ (homochiral) O 15 The product from part(b) (65 mg,
0.089 mmol) was deprotected and worked-up as described in Example I9(c) to
give 33 mg of the desired product as a white foam. II~lS 374.2 (M+H)+,
372.4 (M-H)- ; (film) 1788.0, 1s68.0 ~m-1.   121 15 November 2002 Ezample
43 NHHC1 H N- _ H~~~''~ C02H 2 0 ~ 0 ( homochiral 3 0 5 a) 0 CH2- O- ~C- N
C02-CHZ II 0 I~ gym.. CHZ- O- C- N N H f 0 N II 0 Sodium
bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 180 ~t.l, 0.18 mmol)
was added dropwise to a -78C solution of the benzyl ester product from
Example 1(c) (92 mg, 0.16 mmol) in tetrahydroftzran (2 ml). 10 The mixture
was stirred at -78C for 1 hour. Phenoxyacetyl chloride (24 ~tl) was added.
The reaction mixture was stirred at -78C for an additional 20 minutes and
was stored in a freezer (-50C) overnight. Analytical HPLC indicated that
the reaction was not completed. Another 24 ~.1 of phenoxyacetyl chloride
was added and the mixture was stirred at  



15 78C for an additional 3.5 hours. The reaction mixture was quenched by
the addition of water (10 mI). This was extracted with ethyl aceate (3 x 20
mI). The organic layers were combined and washed with brine (2 x 10 mI),
dried (magnesium sulfate), filtered and concentrated to give the crude
product which was purified by flash chromatography (silica, 30% ethyl 20
acetatelhexane) to give 65 mg of the desired product as a colorless oil. MS
(M+I-~+ ?07.1, (M-H)- 705.4; IR (KBr) 1798 cm-1,   122 15 November 2002
1640 cm-I b) NHHCI H N_ _ H~~~'~- C02H 2 1 (homochiral) 0 The product tom
part (a) (63 mg, 0.089 mmol) was deprotected and 5 worked-up as described
in Example 2i(d) to give 31 mg of the desired product as a white powder:
MS: (M+H)+ 349.0, (11I-H)- 347.2: IR (KBr) 1800 cm-~. 1723 cm~i, 1649 cm-'.
Example 44 10 CF3COOH HZN N~~''~ C02H (homochiral) N _ _ 0 S02 a)
4-Biphenvlsulfonvl chloride Sulfuryl chloride (392 ~.1) 4.74 mmol) was
added dropwise to a 0C suspension of triphenylphosphine-resin (1.58 g) in
methylene chloride {10 15 mI). A solution of 4-biphenyisulfonic acid (400
mg, 1.58 mmol) and triethylamine (220 pl) in methylene chloride (5 ml) was
added. The mixture was stirred at room temperature for 6 hours and stored
at 5C 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 3.80 mg of the title product as a white
solid.   123 b) 0 ~CHZ-O-C-N 0 ( V t-- CHZ-- 0-C- N N H H 15 November 2002 



C02-CHz---~ I~,,, N--S02 ~ I ~ I O Sodium bis(trimethylsilyl)amide (1.0 M
in tetrahydrofuran) 255 u.l, 5 10 15 0.26 mmol) was added dropwise to a
-78C solution of the benzyl ester product tom Example 1{c) (95 mg, 0.17
mmol) in tetrahydrofuran (3 ml). The mixture was stirred at -78C for 40
minutes. A solution of 4biphenylsulfonyl chloride (64 mg, 0.26 mmol) in
tetrahydrofuran (I ml) was added. The reaction was stirred at -78C for an
additional 20 minutes and was stored in a freezer (-50C) overnight.
Analytical HPLC 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.
Purification of the crude product by flash chromatography (silica, 30%
ethyl acetatelhexane) gave 76 mg of the desired product as a colorless oil.
MS (M+H)~ 789.0. c) CF3COOH H N N~~~'~~ C02H 2 H (homochiral) N - O \S02 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   124
desired product as a white fluffy powder. MS (M+MeOH+H)~ 463.2, (M+MeOH-H)'
461.5; IR (KBr) 1773 cm-1, 1665 cm-1, 1595 cm-1. Example 45 5 trans-3-(3-f
(Aminoiminomethvl)aminolpropyll-2-oxo 15 November 2002
4-(2-phenvlethyl)-N-(phenvlmethvl)-1-azetinecarboxamide) monohvdrochloride
NHBC1 II r. w 1 g H I O ~ ~ ~ i racemate 0 10 a) 0 ~. /~/~,,,. o ~~-Q H H
cf:--~ A solution of trans-4-(2-phenylethenyl)-3-[3-[N' ( N"-bis(carbo 15 



20 benzyloxy)guanidine]propylJ-2-azetidinone (130 mg) 0.2 mmol, prepared as
described in Example 3 of Han U.S. Patent 5,037,819) in tetrahydrofuran
(1.5) was cooled to -78C under an argon atmosphere. A I M solution of
sodium bis(trimethylsilyl)amide (0.21 mI) in tetrahydrofuran was added and
the mixture stirred for 15 minutes. Benzylisocyanate (40 mg, 0.3 moral) was
added dropwise and the mixture was allowed to warm to room temperature and
stirred fox 1 hoax. The reaction was 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 sodium sulfate. The solution was      125 15 November
2002 filtered and the solvent evaporated to give an oil. The residue was
purified by flash column chromatography (silica, ethyl acetate:hexane, 2:3)
yielding 69 mg of the desired product as a colorless oil. MS (M+H)+ 6?4. 5
b) traps-3-f3-(Aminoiminomethvl)aminolpropyl~-2-oxo-4
2-phenylethyl)-N-(phenvlmethyl)-1-azetinecarboxamide, monohvdrochloride A
solution of the product from part (a) (6? mg, 0.1 mmol) in dioxane (1.5 ml)
containing aqueous 1N HCl (0.15 ml) and 10% palladium on 10 carbon catalyst
was stirred under a hydrogen atmosphere for 2 hours. The reaction was
filtered and lyophilized to give 66 mg of the titled product as a colorless
solid: m.p. 145 - 154C(dec). MS (M+H)+ 408: IR (KBr) I761 cm-1. 15 Example
46 traps-3-(3-f(Aminoiminomethvl)aminolpropvlLN-methyl-2-oxo
4-(2-phenvlethvl)-1-azetinecarboxamide, monohvdrochloride HC1 H2N N~ ~''~~
H O N-li-H-CH3 (racemate) O 20 a) O O~--- CH2- O- IC- N CH=CH--^-~O~ O b..,
~~O-iC-N H 1 O ~ H CH3 O   126 15 November 2002 Following the procedure of
Example 45(a) but substituting 



methyiisocyanate (23 mg, 0.5 mmol) for the benzylisocyanate, the desired
product (80 mg) was obtained as a colorless oil. MS (M+H)+ 598. 5 b)
traps-3-~3-I(Aminoiminomethvl)aminoipropvllN-methvi-oxo
4-(2-yhenvlethvll-1-azetinecarboxamide. monohvdrochloride The product from
part (a) (?? mg, 0.I3 mmol) was deprotected and worked-up as described in
Example 45 (b) to give 42 mg of the titled 10 product as a colorless solid;
m.p. 138 - 14G (dec). MS (M+H)+ 332; IR(KBr) 1761 cm~l. NIIHHC1 H2N~ H ~\/
15 a) Example 47 i i~,, O N - li - CH3 O [Chiral(+)] 0 11 O!~-- cHL- o- c-
N cH=cH---~O 0 CHI- O- C- H H NH O [Chiral(-)]
traps-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-propanollhexane.   127 15 November 2002 b) 0 CH2- O- C- N CH=CH~ O ~
~in.. O~-CH~--0- C-N H I N- `-CH3 O O A solution of
chiral(-)-trans-4-(2-phenylethenyl}-3-[3-[N ~ , N"
bis(carbobenzyloxy)guanidino]propyl]-2-azetidinone (216 mg, 0.40 mmol) 5 in
tetrahydrofuran {2.0 ml) was cooled to -78C under an argon atmosphere. A 1M
solution of sodium bis(trimethylsilyi)amide (0.44 ml) in tetrahydrofuxan
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 sodium 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) NI,HHCl H2N LChiral(+)] N- C- CH3 ll 0 A solution of
the product from part (b) (140 mg, 0.258 mmol) in 20 dioxane (3.5 ml)
containing 1N HCi (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   ~ 28 15 November
2002 as a colorless solid. MS (M+H)* 317; IR(KBr) 1782 cm-1; [a]n = +18 (c
= 1, methanol). 5 N'IH.HCz H2N~ ~ Example 48 [ Chiral. ( - ) ] i ~J I O N.
~ - CH3 O Following the procedure of Example 4?(b) and {c) but employing 10
chiral(+)-trans-4-(2-phenylethenyl)-3-[3-[N' ( N"-bis(carbobenzyloxy)
guanidino]propyl]-2-azetidinone, the desired product was obtained. Example
49  HC1 HZNJ~H~~~' ~`~ ` (racemate) O N O a) 0 CH2- ~ `C- N NCH=CH---~O~ O
~ ~~i~.. . CHI- O- C- N N H H O O O O 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 5,03?,819) in
tetrahydrofuran (2.5 ml) was cooled to -?8C 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 



15 November 2002 Biphenylcarbonyl chloride (180 mg, 0.832 mmol) was added
dropwise and the mixture was allowed to warm to room temperature and
stirred for 4 hours. The reaction was diluted with aqueous IO% potassium
hydrogen sulfate solution (I5 ml) and extracted with ethyl acetate (3 x 15
ml); the 5 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
chromatography (silica, ethyl acetate:hexane, I:4) yielding 320 mg of the
desired product as a colorless solid. MS (M+H)+ = 721. 10 b) HC1 (racemate)
H N N~~~''. I p N A solution of the product from part (a) (300 mg, 0.48
mmol) in dioxane (3 ml) containing aqueous 1N HCl (0.65 ml) and 10%
palladium 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 cm-1. Example 50 NI1HHCl g2N~ H~~~'~ \ (homochiral ) I N O O 20   130
a) 0 C_O~---cH2- o- c-N  ~ ~r~,. ~~"OwIC_H H 15 November 2002 ' 0 0 N I O A
solution of chiral-(+)-trans-4-(2-phenylethenyl)-3-[3-[N' , N^
bis(carbobenzyloxy)guanidino]propyl]-2-azetidinone (264 mg, 0.49 mmol) 5 in
tetrahydrofuran (2.5 ml) was cooled to -78C under an argon atmosphere. A IM
solution of sodium bis(trimethylsilyl)amide (0.74 ml) in tetrahydrofuran
was added and the mixture stirred for 15 minutes. 4Biphenylcarbonyl
chloride (163 mg, 0.7~ 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 aqueous 10% potassium hydrogen sulfate solution (15 ml) and
extracted with ethyl acetate (3 x I5 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) rsx.HCl (homochiral) I p N O 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(I~Br) I782 cm-I; (a~z2 = + 12 (c = 1, methanol).   131 Example 61
NHHCl H2N~ H''\~ 15 November 2002 ,,, ,~~ ( racemate ) f ~ ( / o ~o 0 5 a)
O cH2-o--q `CH=CI~-/~ Q ~ ,,,,. a- -N~ ~CH~- C H ~ / \ \ ( / 0 ~0 O
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) HC1 H2N N~~~` ,~~ \ (racemate) / ~ \ o ~o \ / 0 



The product from part (a) (I25 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-1.   132 15 November 2002
Esarnple 52 NHHC1 HZN~N~~`'~ ~ ' (homochiral) / ~ \ O ~O \ / ilO a) 0 ~CH2-
O-~ CH=CSI---~ O ~ gin.. ~CH~-O-,C'- ~ / \ H ~0 5 0 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) NHHC1 H N~N~~`~ ~ I (homochiral) / \
0 11 0 \ ~ / 0 The product from part (a) {200 mg, 0.276 mmol) was
deprotected and woxked-up as described in Example 49(b) to give 108 mg of
the desired product as a colorless solid. MS (M+H)+ 459; IR (I~r) 1780
cm-1; [a]zz = + 15 18 (c=1, methaaol).   133 15 November 2002 Example 53
HCl C H N N~~~'~ ,ClN (CH3 ) 2 2 H H ~ I (homochiral) 0 ~N \ 0 ~3 a) 0 V
}-- CH2- O- C- N C- N ( CHg ) 2 0 ~ ~In., 



CFA- O- IC- N N H H I NH 0 A solution of the carboxylic acid product from
Example 1(b) (140 mg, 0.288 mmol) in tetrahydrofuran (2.5 ml) was cooled to
-20C under an argon atmosphere and N-methylmorpholine (32.1 mg, 0.31? 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) Q.31? mmol). The
reaction was stirred at -20C 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+I~+ 510.   134 15 November 2002
b) 0 ~ 0 ~CH2-O-C-N C-N (CH3 ) 2 ~ O ~ ~In,. ~CI~--Ow-C-N N H H ~ H / o ~N
~ I O CH3 A solution of the product tom part (a) (48 mg, 0.094 mmol) in
tetrahydrofuran (0.4 ml) was cooled to -78C 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 78C 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 c) l3Fi  HCl O H N~N~~~''
IC"N(CH3?2 2 H I H / I (homochiral) ~N \ ~0 ~3 A solution of the product
tom part (b) (24 mg, 0.03 mmol) in dioxane (1 ml) containing HCl (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 



135 15 November 2002 desired product as a colorless solid; MS {M+H)+ 439;
[a]n = + 12 (c=1, methanol). Example 54 5 C02H ~in.. O H2N H p N
N-(CHZ)2-N~O-C(CH3)3 ~I I 0 CH(CH3)~ CH(CH3)2 (homochiral) a) 0 H!~--- (
CH2 ) ~- ~t_ C._ O- C ( CH3 ) 3 CH ( CH3 ) = CH ( CH3 ) 2 10 A mixture of
di-tert-butyl dicarbonate (L51 g, 6.9 mmol) and triethylamine (0. i g) 6.9
mmol) in anhydrous tetrahydrofuran (3 ml) was added over 20 minutes to a
solution of N, N' -diisopropylethylenediamine (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 I5 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 methanollmethylene chloride) gave 50 mg of the desired product as a
colorless oil. MS 245.2 (M+H)+. 20 b) 0 0 C 1- C--- N- ( CH2 ) 2-N- C- 0- C
( CH3 ) 3 1 1 CH ( CH3 ) 2 CH ( CH3 ) 2   136 15 November 2002 The product
tom part (a) (44 mg, 0.18 mmol) was added to a mixture of phosgene (0.24 m1
of a 20% phosgene in toluene solution, 0.45 mmol) in methylene chloride (1
ml) at 0C followed by the addition of triethylamine (25 ~tl, 0.18 mmol).
The mixture was stirred at 0C for 1 5 hour. ~ The reaction mixture was
evaporated in vaccuo. The residue was purified by dash chromatography
(silica gel, 0 - 10% ethyl acetatelliexane) to give about 30 mg of the
desired product as a colorless oil. IR(neat) 1732.0, 1694.5 cm-1. 10 c) 0
CHz- O- C-N C02 CH2 w-CO~ ~4... O ~N- ( CHZ ) 2-' y C_' O-C ( CH3 ) 3 O O
CH(CH3)2 CH(CH3)2 



Triethylamine (15 ~.1, 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 than evaporated in vaccuo and
purified by flash chromatography (silica gel, 0-30% ethyl acetatelhexane)
to give 21 mg of the desired product as a colorless oil. MS 843.5 (M+H)+,
841.8 (M-~'; IR (film) 1785.1, 1733.1, 1681.7, 1640.9 20 cm-1.   137 15
November 2002 d) COZH /~~i.,, 0 H2N H N.r ( ~2 ) 2_ N~ 0_' C ( CH3 ) 3 0 ~I
O CH ( CH3 ) 2 CH ( CH3 ) 2 ( homochiral. ) 10% Palladium on carbon
catalyst (20 mg, wet type) was added to a solution of the product from part
(c) (21 mg, 0.025 mmol) in 1,4-dioxane (5 5 ml) containing 1N HCl (25 ~l.
0.025 mmol). Hydrogen gas was bubbled through the solution for 4 hours. The
r eaction mixture was filtered through a pad of Celitec~ which was then
repeatedly Washed with 1.4-dioxane {10 ml) and water (I~ ml). The combined
eluents were lyophilized. The white lyophilate was dissolved in water and
passed through a plug of 10 polyvinylpyrrolidone eluting 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 ) 3.778.0) 1665.0 cm-1.
Example 55 N',H 2CF3COO~i H2N~ H~i,,, C02H N 0 15 ' 0 fhomochiral) a)
C1-C~N   138 15 November 2002 1-Phenethylpiperazine (0.5 g) 2.63 mmol) was
added to a mixture of phosgene (3.5 m1 of 20% phosgene in toluene solution,
6.6 mmol) in 



methylene chloride (2 ml) at 0C, followed by the addition of triethylamine
(0.37 ml, 2.63 mmol). The mixture was stirred at 0C for 2 hours and then 5
evaporated in uacuo. The residue was suspended in ether, filtered and the
eluents were condensed to give a cream solid. Purification by flash
chromatography (silica gel) 0 - 10% ethyl acetate/hexane) gave 32.2 mg of
the desired product as a crystalline, white solid. IR (film) 1729.3 cm-1.
10 b) O ( V r-CH?-O-C-N C02Ci:~- ~In,, ~C~O-C ~ v x i 0 ~ ~ \ O
Triethylamine (47 ~,tl, 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
uacuo giving a pale yellow paste) Purification by flash chromatography
(silica gel) 0 - 35% ethyl acetatelhexane) gave 120 mg of the desired
product as a colorless oil. MS 789.4 (M + I-~+, 787.? (M - H)'; 20 IR
(film) 17$5.5, 1732.1, 1679.1, 1639.4 cm-I.   139 15 November 2002 c) 2
CF3COOH H2N N~~~~~ C02H ~I I ~N 0 0 (homochiral) IO% Palladium on carbon
catalyst (60 mg) wet added) was added to a solution of the product from
part (b) (1I8 mg, 0.15 mmol) in 1,4-dioxane 5 (8 ml) containing 1N HCl
(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 repeatedly washed with 1,4dioxane (10 ml) and water (I5 ml). The
combined eluents were lyophilized to obtain i r mg of a white lyophilate.
Purification by HPLC (revese phase. 10 methanol, water) trifluor oacetic
acid) gave 52 mg of the desired product as a white lyophilate. MS 431.2
(M+H)+, 429.3 (M-H)-; IR (KBr) I790.0, 1678.0 cm-' Example 56 



NHHC1 H~N~N~~~~ C02H H H N ' VN~\ 0 N I5 0 (homochiral) a) O ~ N C1-C-~N-~~
N A solution of 1-(2-pyrimidyl)piperazine dihydrochloride (4.0 g, 16.9
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   140
15 November 2002 over sodium sulfate, filtered and concentrated to give 2.6
g of 1-(2pyrimidyl)piperazine. A solution of 1-(2-pyrimidyl)piperazine (2.6
g) in methylene chloride (5 ml) was added dropwise over 3 minutes to a
solution of phosgene (25 ml) 5 20% in toluene, 47.3 mmol~ in methylene
chloride (15 ml) over solid sodium bicarbonate (3g ) under nitrogen at room
temperature. The resulting solution was stirred vigorously for 10 minutes,
filtered through a fritted funnel, and the remaining solids were washed
with methylene chloride (2 x 5 ml). The combined eluent was concentrated
under vacuum 10 to give a white solid. The solid was then recrystallized
from methylene chloridelhexane to give 3g of the desired product as a white
solid. 1R(film) 1735 cm-1. b) 0 CH2- O- C- N C02CH2 O ~ /~~~~. 0- ~C- N' _
N n. 0 N O 15 The acid chloride from part (a) (1.11 g) 4.8 mmol),
triethylamine (700 ~t.l, 5.0 mmol), aimethylaminopvridine (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 methyiene chloride (1~ ml) under nitrogen at
room temperature. Aftex 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 chloride) for
purification by flash chromatography (0 to 30% ethyl acetatelmethylene
chloride) to give 1.6 g of the derived product as a white foam. M~ 763.2
(M+I~+, 761.7 (M - I~-; IR (KBr) 1788 cm-' .   141 15 November 2002 c)
NHHC1 G C02H H2N~ N^/ . H i ~ n N H 0 ~ N O (homochiral) 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 



product as white solid lyophilate. MS 409.2 (M+H)+) 407.5 (M-H)'; IR (KBr)
I777 cm~i. Anal. calc'd for Cl~H2aNa0a  1.0 HCl  1.~4 H20: C, 43.20: H)
6.84: N. 23.71: 0. 18.75: Cl, 7.50 Found: C, 43.31; H. 6.59; I~T. 23.09: 0
(not calculated) ; Cl, 7.06. 10 Example 57 N'IH2HC1 HzN~N^/~~,, C02H . O I
~1 ~ CHz H 0 ~~N _= I 0 NH2 / (homochiral) a) 0 N n ~cH2 w (H3C) 3-C-0-C-N
N ; I/ O-CH2 V 15 . O Triethyiamine (d.22 ml, 1.6 mmol) and pyridine
benzotriazol-1 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   142 15 November 2002 addition of
tert-butyl-1-piperazine carboxylate (0.3 g, 1.6 mmol). The mixture was
stirred at room temperature for 2 hours. The mixture was then diluted with
methylene chloride (30 ml) and washed with 1hF HCl (1 x 25 ml), saturated
sodium bicarbonate (1 x 25 ml), and saturated sodium 5 chloride (1 x 25
ml). The organic phase was dried over sodium sulfate and concentrated to
obtain a pale yellow oil. Purification by flash chromatography (silica gel.
0-20% ethyl acetatelhexanes) gave 554 mg of the desired product as a white
foam. IR(film) 1698.2. 1649.6 cm-1. b) 0 ~ ~ch2 i~ ~ / I O CI3z 10 0
Trifluroacetic acid (3 ml) was added to a solution of the product from paxt
(a) (550 mg, 1.14 mmol) in anhydrous methylene chloride (3 ml) at 0C. 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 mlj. 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 c) 



0 Cl-C-~ ~N~ ~2 O CFiz-( U) ~--~O 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
m1 of a 20% phosgene in   143 15 November 2002 toluene solution, 2.1 mmol)
in methyiene chloride (3 ml) at 0C, followed by the addition of
triethylamine (0.12 ml, 0.84 mmol). The mixture was stirred at 0C for 1
hour. The reaction mixture was evaporated in vacuo. The residue was
suspended in ether, filtered, and the eluents were 5 concentrated to give a
yellow oil. Purification by flash column chromatography (silica gel, 0 -
20% ethyl acetate/hexane) gave 0.243 g of the desired product as a
colorless oil. d) 0 ~CH2.0-IC_N O ''' CO~CH~( V r--C .I~O-C-u H G C3~ ~N G
~ ~ ( / C \ ~ -O-CH 2 V G 10 Triethylamine (3? ~tl) 0.262 mmol) and
dimethylaminopyridine (IO  12 crystals) were added to a solution of the
benzyl ester product from 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 temperature
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 I31 mg of the desired product as a colorless oil. MS
966.4 (M+H)*) 964.6 (M-~'; IR (film) 1788.0, 1?38.3) 1677.1) 1637.0 cm-1.
144 15 November 2002 e) N``H2HC1 HZN~ Ny ,,) C02H CFi2 H 0 ~ ~_.J L \ ~2 O
(homochiral) 10% Palladium on carbon catalyst (65 mg, wet type) was added
to a solution of the product from part (d) (127 mg) 0.I32 mmol) in
1,4-dioxane 5 (8 ml) containing 1N HCl (0.26 ml, 0.264 mmol). Hydrogen gas
was bubbled through the solution for 1 to 1.5 hour s. The reaction mixture
was filtered through a pad of Celite~ which was repeatedh~ washed with
1.4dioxane (10 ml) and water (1~ ml). The combined eluents were lyophilized
to give 64 mg of the desired product as a pale cellow lyophilate. MS 474.2
10 (M+H)T, 472.4 (M-H)': IR (I~Br) I786.0, 1730.0. 1647.0 cm~l. Example 58 



NHHC1 ~ COZH ~0 H2N" IVY H N-(CH2! t-N~G-"~: (C~i3); 0 ~~ I O CH3 CH3
(homochiral) 15 a) O !I HIi - ( CH2 ) 2'- i "' C- 0-- C ( CH3 ) 3 CH3 CH3 A
solution of di-tert-butyl dicarbonate (1.24 g, 5.67 mmol) and triethylamine
(790 ~1, 5.6? 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   145 15
November 2002 room temperature for 4 days. The mixture was then filtered
and the filtrate was concentrated to give the crude product as a colorless
oil. Purification by flash chromatography (10% 2N ammonia in
methanollmethylene chloride) provided 362 mg of the desired product as a
colorless oil. IR(film) 1694 cm-'. b) 0 0 Ci C-N--(CH2)Z- i-~`C'-'C(CH3)3
CH3 Ch: mixture of the product from part (a) (250 mg) and triechylamine IO
(`Z78 ~tli m methylene chloride (3 mli was added to a solution of phosgene
in toluene (I.4 ml. 20%) at 0C. The resultant mixture was stirred at 0C for
3 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
acetatelhexane) to give 313 mg of the desired product as a colorless oil.
IR (f lm) 1740 cm-', 1694 cm-I. c) 0 If O~-cH=-o-c-; cozc~~-~O l n,.. O cH~
o- ~- N~ u~ . Q H H II ~N-(CHZ)z ~C-0-C(CH3)3 I0 0 CH3 CH3 Triethyiamine
(25 ~,1), dimethylaminopyridine (15 mg) 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   146 15 November 2002 mixture was
extracted with ethyl acetate (2 x 30 ml). The organic layers were combined
and washed with brine (10 ml), dried over magnesium sulfate and
concentrated to give 101 mg of the crude product as a yellow oil.
Purification using flash chromatography (30 - 50% ethyl 5 acetate/hexane)
gave 77 mg of the desired product as a colorless oil. IR .. (film) I786
cm-1, 1733 cm~~, 1681 cm-1, 1&39 cm-1. d) NHHC1 ~ CO H 



HZN- _ 1~ .. H 0 ~ i,-- ( CH Z ) (^,- i _- C_- C"'- C ( CH 3 ) 3 0 CH; CH_
(homocniral) A mixture of the product from pare (c) ( i 4 mg. 0.094 mmol),
1N HC1 IO (94 pl). and palladium on carbon catalyst ( 10.rb. 19 mg) in
dioxane (2 ml) was stirred under hydrogen atmosphere (hydrogen balloon) ac
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-1. 15 Example
59 N''H CF3COOH H2N~'~/4., COZH 0 ~ N-CH2 0 0 ~3 (homochiral) a) O C1-
~C-N-CH2 20 ~H3   147 15 November 2002 A solution of
N-methyl-4-phenylbenzylamine [158 mg, 0.8 mmol) prepared as described by
Dahn et al., Helv. Chim. Acta., 35, 1348 - 1358) (1952)] in toluene (3 ml)
was added to a solution of phosgene (3 ml, 20% in toluene, 5.6 mmol) in
toluene (3 ml) under nitrogen at room temperature 5 followed by
triethylamine (200 p,l, 1.43 mmol). After stirring the reaction mixture at
room temperature for 30 minutes, the solvents were removed under vacuum and
the residue was purified by flash chromatography (silica gel, 100%
methylene chloride) to give I36 mg of the desired product as an oily
residue. IR(film) I745 cm-l. 10 b) 0 O~-cr=-o-c-N co~cu 0 n - ~ rr~~~,,,
O~-- cue- o-c H O ~ ~- CH2 O CH3 The acid chloride product from part (a)
(100 mg, 0.38 mmol), triethylamme (53 ~tl, 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 mli 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-1.   148 15 November 2002 c)
NHCF3COOH H2N~ ~/i,,) COZH i 



-CH? 0 CHI 0 (homochiral) Deprotection and purification of the product from
part (b) (148 mg) 0.186 mmol) according to the procedure of Example 19(c)
gave 33 mg of the 5 desired product as a white foam. I1~IS 438.2 (NI+H)r,
436.4 (M-fi)'; IR (KBr) 1788.0, 1699.0 cm-1 Example 60 NHHC1 H N~ N~~~'~
CO_H 2 14 0 ~N~N--C-O-C(CH3)3 ~fl~ ~ H 10 a) 0 ~~ Cl-C-N N-C-G-C ; CH3 ) z
H Phosgene (20% in toluene) ( 1.54 mI. 2.90 mmol) was added to a stirred
solution of 3-tentbutoxycarbonylaminoazetidine [250 mg) 1.45 mmol, prepared
as described by Arimoto et al., J. Antibiot., 39(9), 1243  15 56, ( 1986))
and triethylamine (222 u,l, 1.6 mmol) in methylene chloride (5 ml) at 0C.
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.   149 15 November 2002 b) 0 II CHZ- O-C- N CO ZCH=~"~ 0 .. o cH
o-~ . ~,~ ~i O ~N~N-C-0-~C(CH3)z O ~/ 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 5 dissolved in methylene chloride (2.5 ml).
Trieth~~iamine (71 ul, 0.506 mmol) was added followed by
dimethylammopyridine (8 mg, 0.06 7 mmole). After 1? hours the reaction
mixture was concentrated and the crude product was purified by silica gel
chromatoQraph~~ to give 180 mg of the desired product. 10 c) NHHC1 CO H 



HZN~ ~/ ., 2 II 0 ~N~ i-C--O-C(CH3)3 0 H ; ~~omochiral ) 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 HCl (104 ul. 0.104 mmol) was added followed by i0%
palladium on carbon catalyst (I6 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   150 15 November 2002 Example 61 NH2HC1 H N~
N~~''~~ C02H 2 H ~ N~~NH2 0 O (homochiral) a) 0 Il CH2'- o- C- N C02CH2---~
y, ~,J. If CHI-- O- C- N N H ~' I 0 ~ N~T~ri~ CF=C00H 5 0O Trifluoroacetic
acid (0.20 ml) was added drowise to a stirred solution of the product from
Example 60 (b) (100 mg. 0.13 mmol) in methvlene chloride at 0C. The
reaction mixture was then stirred at room temperature. After 40 minutes)
the reaction mixture was concentrated in 10 vacuo to give 120 mg of the
desired product. b) NI'H2HC1 H2N~ N^/y,,. CO~H H ~ N~~NH2 v0 0 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. 



151 15 November 2002 Example 62 NIIHHC1 H N~N~~~' C02H 2 H ~, N O II H O
COOCHg ~ a) 0 C~:~- O- C- N ., O ~ COZC.-..~--~ II ~ H~O-C-N~Iv 0 O COOCh3
1N Sodium 1.1,1.3, 3.3-hexamethyldilsilazane m tetrahydrofuran (143 ~1)
0.14 mmol) was added dropwise over 5 minutes to a solution of the benzyl
ester product from Example 1(c) (81.3 mg. 0.I42 mmol) in dry
tetrahydrofuran (5 ml) under nitrogen at -78C. After warming to -20C 10 and
stirring for 30 minutes, methyl-(S}-(-)-2-isocvanato-3 phenylpropionate
(29.2 mg) 0.14 mmol) dissolved in tetrahydrofuran (5 mh was added dropwise.
After one more hour of stirring, the reaction solution was allowed to warm
to 0C 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
acetatelhexane (1:1) as eluent gave 90.8 mg of the desired product as 20 a
colorless oil. IR(film) 1780 cm-1) 1743 cm~ l ) and 1639 cm-1; MS 788.8
(M+I~+.   152 15 November 2002 b) NHHC1 i~,, C02H HZN N~ N ~H ~O 0 COOCH;
The product from part (a) (0.Z2 mmol) was dissolved in dioxane (5 ml).
<lfter addition of 10% palladium on carbon catalyst (40 mg) and 1N 5 HCl in
ether (120 ~1). hydrogen was bubbled in the form of a constant slow stream
over 90 minutes through the reaction suspension. After completion of the
reaction as confirmed by TLC. a stream of nitrogen was used to remove
excess hydrogen from the reaction material before filtering off the
catalyst. Filtration through a layer of HyfloSuper Cel. which was washed 10
first with dioxane followed by dioxanelwater yielded a clean filtrate. This



was concentrated i~z ~acuo and the remaining material lyophilized to give
45 mg of desired product as a white powder. IR (KBr) 1769 cm-1) 16?4 cm-z
and 1632 cm~~; MS 420.1 (M+H)+. 15 Example 63 NH2CFzC00H H2N~ N^/~i.,. C02H
O H O 0 O (homochiral)   153 15 November 2002 a) O 0 (H3c>3-c-o-c- ~N ~` ~
O- CH2 0 Triethylamine (0.37 ml, 2.68 mmol) and pyridine
benzotriazol-1yloxvtris(dimethylamino)phosphonium hexafluorophosphate (0.84
g, 2.68 5 mmol) were added to a solution of
N-carbobenzyloxy-D-phenylalanine (0.84 g. 2.68 mmol) in anh~~drous
methylene chloride (10 ml), followed by the addition of
tert-butyl-I-piperazine carbox~flate (0.~ g. 2.68 mmol). After stirring the
mixture for 5 hours at room temperature, methylene chloride (20 ml) was
added and the mixture was washed with 1N HCl (1 x 10 25 ml). saturated
sodium bicarbonate (1 x ?5 ml)) and saturated sodium chloride (1 h 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% ethyl acetatelhexane) gave 1.14 g of the desired
product as a white foam. 15 b) 0 O ~~ C`wCr-CH2~ 0 Tritluoroacetic acid (2
ml) was added to a solution of the product from part (a) (220 mg) 0.48
mmol) in anhydrous methylene chloride (2 ml) at 0C. 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 11T HCl in
ether (0.48 ml) and stirred vigorously. The   154 15 November 2002
resulting suspension was concentrated to give 230 mg of the hydrochloride
salt of the desired product. MS 368.2 (M+I-~+. c) 0 0 C1- C ~~' C- O- CH: 5
0 The product from part (b) (110 mg. 0.2 r 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 meth~rlene chloride (4 ml). After
stirring for 3 hours at room temperature, the mixture was filtered 10 and
the eluents were concentrated to give 1G~ mg of the desired product as a
clear gel. IR (film) I707.4, 1645.6 cm-1. d) 0 O~-_ CH2_ ~" ~C- N CO~ CH.
-_'~ 0 O cH~- o- c- ~ ~ rr r s n o ~yr~ ~\ p- 0 15 Triethylamine (31 ~,~1,
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.I5 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, 0  50% ethyl acetate/hexane) to
give 90 mg of the desired product as a   155 15 November 2002 colorless
oil. MS 966.5 (M+H)+, 964.7 (M-H)'; Ift(film) 1786.4, 1727.5, 1639.5 cm-1.
e) 2CF3COOH H2N N~~~,,. COZH O H ~ ' ~ ~N O NH2 0 (homochiral) 5 The
product from part (d) (89 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 l~~ophilate. MS 474.3 (M+H)+. 472.6 (M-H)' ; IR CIiBr)
I?90.0. 16 i 0.0 cm-i. 10 Example 64 NH HZN~ ~/i~,,. COOH ( homochiral ? H
I VN-SOz N ( CH; ) 2 O 0 a) 



(H3C)3C-0--C- ~ -S02-NICH3)2 15 Diisopropylethyiamine (560 ~.I),
dimethylaminopyridine (33 mg) and dimethylsulfamoyl chloride (462 mg, 3.22
mmol) were added to a solution of N-(tert-butoxycarbonyl)pipexizine (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 HCl solution (20 ml). The mixture was extracted with ethyl
acetate (2 x 100   156 15 November 2002 ml). The extracts were combined and
washed with brine (2 x 20 ml), dried over magnesium sulfate and
concentrated to give 0.93 g of the crude product as a white solid which was
used without purification. b) n HC1  ~ -S0~-N ( CH3 ) 2 5 ~ mixture of the
product from part (a} (0.60 g. 2.0 mmol), trifluoroacetic acid (15 ml) and
methyiene chloride C30 mI) was stirred at room temperature for 2 hours. TLC
showed completion of the reaction. The solvent and excess tr ifluor oacetic
acid wer a removed. The residue was 10 dissolved in a minimum amount of
meth~~lene chloride followed by the addition of 1N HCllether (?.0 ml) and
anh~~drous echer 120 ml). The product was collected b~- filtration to give
430 mg of the desired product as a white powder. MS (~I + H)+ 194.1. 15 c)
0 II Cl-C- ~ -SO~-N(CH3)2 Sodium bicarbonate (3.0 gj 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) I738 cm-1.   



157 15 November 2002 d) 0 /~ il ~CHz-O-C-N -.--~ ~1 O ~ C02CHz~ Ii~.. O C
O- CW H H t O ~ V - SOz-N ( CH3 ) z 0 Diisopropylethylamine (35 ~,1, 0.20
mmol), dimethylaminopyridine (23 mg) and a solution of the acid chloride
product from part (c) (51 mg, 5 0.20 mmol) in methylene chloride (2 ml)
were added to a solution of the benzyl ester product of Example 1(c) (100
mg) m methylene chloride (1 ml). The mixture was stirred at room temperatur
a overnight. :~nal~-cical HPLC indicated the reaction was complete. The
reaction was quenched with the addition of 1N potassium sulfate. The
mL~ctur a was extr acted with ethyl 10 acetate. The extracts were combined
and washed with brine, dned over magnesium sulfate, and concentrated. The
resultine crude product was purified by flash chromatograph~~ (3%
methanollmethylene chloride) to give I01 mg of the desired product as a
white foam. MS (M+H)T 792.4. (MH)- 790.7; IR (film) 1786 cm-1) 1 ~ 36 cm~~,
1680 cm-~, 1640 cm-1. 1~ e) NH HzN~ ~~~,,. COOH I ~N-SOz-N ( CH3 ) z O 0
(homochiral) A mixture of the product from part (d) (95 mg, 0.12 mmol), 1N
HC1 (120 ~t.l. 0.12 mmol)) and 10% palladium on carbon catalyst (49 mg) in
20 dioxane (3 ml) was stirred under hydrogen atmosphere (hydrogen balloon)
at IUOm temperature for 2 hours. Analytical HPLC indicated completion of
the reaction. The reaction mixture was filtered through a Celite cake   158
15 November 2002 and concentrated to give the crude product (HCl salt).
Purification by preparative HPLC (reverse phase. methanol, water,
triffuoroacetic acid) followed by passing through a polyvinylpyrrolidone
column gave 32 mg of the desired product as a white fluffy powder. MS 434.3
(M+H)*, 432.3 (M5 H)'; IR (KBr) 1778) 1663 cm-1. Example 6~ NHHC1 ~ 4 ,)
C-N-CHI-C-O-C(CH3)3 His N H H O ~N N-~~-O-(CHI! ~~ 0 0 (homochiral) 10 a) 0
0 CH2-O-C-N - N-CHy- C- O-C ( CH3 ) 3 H ~ h~~. C 0- OC- N_ H a NFi 0 :~
solution of the carboxylic acid azetidinone product of Example 1(b) (482
mg) 1.0 mmol) in tetrahydrofuran (~ ml) was cooled to -20C under an 15
argon atmosphere and N-methylmorpholine (223 mg, 2.2 mmol) was 



added. 1.1 Equivalents of a 0.5 M solution of tert-butylglyczne ester,
hydrochloride (184 mg, 1.I mmol) was added followed by the addition of
beazotriazol-1-yloxvtris(dimethylamino)phosphonium hexafluorophosphate (486
mg, 1.1 mmol). The reaction was stirred at 20 -20C for 24 houxs, 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   159 15 November 2002 chromotography eluting with
ethyl acetate to give 396 mg of the desired product as a colorless solid.
MS 596 (M+H)+. b) 0 0 /~ i! H H a ~CHz-O-C-~ C-N-CHI-C-O-C (CH3)3 I~~.. O
CHI- O- OC- N H `~ N :`:- i - O-- ( CHZ ) 2-"~ 0 O O 5 A solution of the
product from part (a) (200 mg, 0.336 mmol) and triethylamine (38 mg, 0.37
mmol) in methylene chloride (4 ml) was stirred at room temperature and 1.1
equivalents of 1-phenetht~lox3~piperazine-4carbonylchloride ( 110 mg) 0.3 7
mmol) was added. Dimethylammopyridine (10 mg) was added and the reaction
mixture was stirred for 30 hours. The 10 reaction was diluted w ith
methvlene chloride, washed with brine, and dried over anhydrous sodium
sulfate. The crude product was purified by flash chromatography on silica
gel eluting with ethyl acetate yielding 210 mg of the desired product as a
colorless glass-libe residue. MS 856 (M+~+. 15 c) NHHC1 ~ 0 H2N~N^/i,,)
C-H-CHZ-C-O-C (CH3) ; H 0 N-C-O-(CH2) ~~ 0 O (homochiral) A solution of the
product from part (b) (200 mg) 0.234 mmol) in dioxane (5 ml) containing 1.I
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)+,   160 15 November 2002 Example 66 NI'HHC1 H
N~N~~''~~ C- N-CH~--COZH 2 H 0 ~ ~ - ~-O-(CH2 ) ~~ 0 0 (homochiral) 5 The
product of Example 65 l30 mg, 0.05 mmol) was added to trifluoroacetic acid
(1 ml) at 0C and the mixture was stirred for 30 minutes. The
trifluoroacetic acid was evaporated and the residue was dissolved in
waterldioxane (1:1l ( 1 m11 and Iyophiiized to give 22 mg of the 10 desired
product as a colorless solid. 'HIS Q32 (1~+H)+. Example 67 



HC1 . 0 H H2N N~~''~ C- N-CH3 H 0 i /~`~ II -C-p-i-[CHlCH3)272 O H
(homochiral) 15 a) O II H O~- CH2- O- IC- N C. N-- CH3 0 /~~i... CHI' 0- IC
H H NH 0 A solution of the carboxylic acid azetidinone product of Example
1(b) (150 mg, 0.311 mmol) in tetrahydrofuran (3 ml) was cooled to -20C
under an argon atmosphere and N-methylmorpholine (34.6 mg) 0.342 mmol) was
161 15 November 2002 added. 1.1 Equivalents of a 2 M solution on
monomethylamine in tetrahydrofuran was added followed by the addition of
benzotriazol-1yloxytris(dimethylamino)phosphonium heYafluorophosphate (1~1
mg) 0.341 mmol). The reaction was stirred at -20C for 48 hours, poured into
~ 5% potassium bisulfate solution, and extracted with ethyl acetate. The
ethyl acetate extract w as washed with water and brine, and dried over
sodium sulfate. The solvents were evaporated and the crude residue was
purified by silica chromatography eluting rith eth~-1 acetate to give 124
mg of the desired product as a colorless solid. 3IS 49G (M+H)+. 10 b)
O~-cH~- o-- c- rr C~ w,~Cy~: ~li~. C~ p _ C_ TT Tv H O IJ~~~~., ,I
O--[-(CH(CH3)a~ 'O p H A solution of the product from part (a) (100 mg, 0.2
mmol) and triethylamine (23 mg. 0.22 mmol) in, meth~~lene chloride (2 ml)
was 15 stirred at room temperature and 1.1 equivalents of
1-diisopropylmethoxy carbonylpiperazine-4-carbonylchloride (6~ mr. 0.'?25
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+Hjt.   162 15 November 2002 c) HC1 HzN
N~~~''~ C ~ CH3 H 1 ~ - C-O- i - [ CH ( CH3 ) 2 l 2 O 



O H (homochiral) A solution of the product from part (b) (53 mg, 0.07 mmol)
in dioxane (3 ml) containing 1.1 equivalents of 1N HCl was stirred under a
5 hydrogen atmosphere with 10% palladium on carbon catalyst (20 mg) for 2
hours. The reaction was filtered and the solvents lyophilized to yield 32
mg of the desired product as a colorless solid. RZS 482 (1VI+H)+. Example
ss IO N'IHHC1 O H2N~ N^/i~.) IC_ ~-CH3 H O ~ ~ -- ~-O-C (CH3 ) 3 O O
(homochiral) a) 0 CHZ- O_ ~C- N q H C-i~-CH3 0 gin.. ~CH~o-lC_H H O N` 'IQ
_N-i-O-C(CH3)s ~O ~/ 0 15 A solution of the product from Example fi?(a)
(120 mg, 0.242 mmol) and triethylamine (3? mg) 0.363 mmol) in methylene
chloride (3.5 ml) was stirred at room temperature and 1.1 equivalents of
I-tert-butoxy carbonylpiperazine-4-carbonylchloride (90 mg, 0.363 mmol) was
added.   163 15 November 2002 Dimethyiaminopyridine (fi mg) was added and
the reaction mixture was stirred for 2 hours. The reaction was diluted with
methylene chloride, washed with brine, and dried over anhydrous sodium
sulfate. The crude product was purified by flash chromatography on silica
eluting with ethyl 5 acetate to g~.ve I00 mg of the desired product as a
colorless glass-like residue. MS 708 (M+H)+. b) N~IHHC1 H2N~N~/i,,,,
C-~-CHz H I~N N-C-G-C ~;CH3),; G `,-/ ll G G ~homoc^~ral) ~ solution of the
product from part ~a) (90 mg, 0.127 mmol) in 10 dioxane (3 ml) containing
1.5 equivalents of HCl was stirred under a hydrogen atmosphere with 10%
palladium on carbon cataly st f,35 mg) for 2 hours. The reaction was
filtered and the solvents lyophilized to give 38 mg of the desired product
as a colorless solid. MS 439 (M+H)+; (a] = I4 (c=1. methanol). 15 Example
69 N'`HHC1 O H N~N~~~''- C H 



I O ~ ~ -~ ~-O-C (CH3 ) 3 p O (homochiral) a) 0 0 CHZ 0- C N C- NH2 CFA-'
O- C~ N H t NH O   164 15 November 2002 Following the procedure of Example
67(a) but substituting a 0.5 M solution of ammonia in dioxane for the 2M
solution of monomethylamine, the desired product was obtained as a
colorless solid. MS 482 (M+H)+. b) 0 CH` O- C N C--NH2 ~CH~-O-C-N N I -- i
-O-C ( CH3 ) 3 0 5 0 Reacting the product from part (a) with 1-tert
butoxycarbonylpiperazine-4-carbonylchioride according to the procedure of
Example 68(a), the desired product was obtained as a colorless glass-like
residue. MS 694 (I1~I+H)*. 10 c} NHHC1 II ll H2N~ H~/i~.,. CyZ I - ~--O-C
(CH3 j g p ~ tnomocniral) 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 I5 solid. MS 426 (M+H)+. EzamEle 70 NH  He 1 ~ ~--~ 11 ,, C-
~ - C- 0-- C ( CH3 ) 3 H . O -C-O-i---1CH(CH3)212 o H (homochiral)   165 15
November 2002 a) 0 



~CH2lO-C_N O ~ O '- N N- C- O- C ( CH3 ) 3 ~- N~ ~',,.. O~-c~z-o_ C H H l
NH 0 Following the procedure of Example 6?(a) but substituting
1-tertbutoxycarbonyipiperazine for the monometh~-lamine. the desired
product 5 was obtained as a colorless solid: 1ZS 651 (~~I+H)T. b) O CHZ-~O
N -,. \ h: '-' l_. ~ G- ~. ( r~l'~. ~ ) ; _ N~ ~,,,.. II OO-cH~ o-c i~~~
~1-C-O-C-(CH(CH3)2]~ G I O ii solution of the product from part (a) (100
mg, 0.2 mmol) and triethylamine {23 mg, 0.225 mmol) m methylene chloride (2
ml) was 10 stirred at room temperature and 1.1 equivalents of I-diisopropyl
methyloxycarbonylpiperazme-4-carbon~~lchloride (63 mg, 0. Q25 mmoi) was
added. Dimethylaminopyridine l8 mg> was added and the reaction mixture was
stixred for 48 hour s. The reaction was diluted with methvlene chloride,
washed with brine) and dried over anhydrous sodium sulfate. The I5 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)*. c) O  HC1 O H2N I~ ~'''- C! ~N IC O- C ( CH3 ) 3 H
~..~ 0 O N~ ~ - C-O- ~~ - I CH ( CH3 ) 212 H (homochiral)   166 15 November
2002 A solution of the product from part (b) (60 mg, 0.07 mmol) in dioxane
(2 ml) containing 1.1 equivalents of 1.0 N HCl was stirred under a hydrogen
atmosphere with 10% palladium on carbon catalyst (25 mg) for `? hours. The
reaction was filtered and the solvents lyophilized to yield 42 5 mg of the
desired product as a colorless solid. MS 637 (M+H)+_ Example 71 NHHC1
H2N~iv~~'' CCZH (homochi~al) H O ~N ~0 C~3 CH--CH; a) HN CH3  10 CH2 CH3
Methyliodide (200 mg, 1.41 mmol) was added 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 i5
stirred at room temperature for 4 hours and then heated at 40 - 45C 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 yellow oil. 20 b) 0 0 ~3 CHz-CH3   167 15 November 2002 A solution
of the product from part (a) (40 mg, 0.268 mmol) and triethylamine (27 mg,
0.268 mmol) in methyiene chloride (1 ml) was added dropwise to a solution
of phosgene (0.265 ml. 0.536 mmol) 20 % in toluene) in methylene chloride
(1 ml) at 0C over 10 minutes. The reaction mixture 5 was stirred at 0C for
1 hour. The reaction mixture was concentrated and the residue was added to
anhydrous ether (20 ml). The formed white solid was filtered out. The
resulting filtrate was concentrated to ~ield 51 mg of the desired product
as a yellow oil. c) 0 ~C"=-O--C-N CG~-Cn_ 0 ,) ~O--IC_N~N . ~-H a H H I
sT~N 0 ICH3 U IIC 10 CH2 ~ Cri; A mixture of the ben~ll ester product from
Example 1(c) (80 mg, 0.14 mmol), the acid chloride product from part (b)
(44 mg) 0.21 mmol), dimethylaminopyridine (17 .1 mg, 0.14 mmol) and
triethylamine (21 mg, 0.21 mmol) in methylene chloride (3 ml) was stirred
at room temperature I5 for ? hours. The reaction mi~,-ture was purified b~
flash column chromatography (eluting with 25% ethyl acetate in hexane) to
yield 62 mg of the desired product as a colorless oil. d) NHHC1 H2N~N~~''~
COzH (homochiral) H 0 ~N 0 CH3 CHZ-CH3 20 A mixture of the product tom part
(c) (60 mg, 0.08 mmol)) 10% palladium on carbon catalfst (8.48 mg, 0.0008
mmol), and 1N HCl (0.08  



168 15 November 2002 ml, 0.08 mmol) in dioxane (3 ml) was stirred under
hydrogen atmosphere (hydrogen balloon) at room temperature for 1 hour. The
reaction mixture was filtered through a Celite~ cake. The resulting
filtrate was lyophilized to yield 31 mg of the desired product as a white
solid. MS 390.1 (M+H)*; 5 IR(film) 1780 cm~l. Example ~2 NHHC1 H2N~ N~~~'~~
CO=-CHI-CH (CH3 ) H 0 ~N N- _- I3-C ( CH3 ) 3 0 ~ H 0 t nomocY:~ral ) a) 0
/~ !I ( V )--CH2-O-C-N C0~-CH=-CH (CH3 ) 2 0 ~ ~ i~~,. O-C-N- _N H H NH 10
0 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 I-iodo-2-methylpropane (81 ~1. 0.705 mmol) in dimethylformamide (500
~1) 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 desired
product.   169 15 November 2002 b) 0 ~CH2-O-IC-N C0~-CHz-CH (CH3 ) 2 ~ ,.
~CH~O-C-N N _ H H I Q N N~N- C- H- C ( CH3 ) 3 0 0 The product from part
(a) (62 mg, 0.115 mmol) and the acid chloride product from Example 32 (c)
were dissolved in methyiene chloride (1.2 ml). 5 Triethylamme (24 ~tl.
0.173 mmol) was added followed by dimethvlammopyridme !3 mg. 0.023 mmol).
After-12 hours, the reaction mixture was concentrated and the crude product
was purified be silica gel chromatography to give 6~ mg of the desired
product. c) N'riHC1 HzN~ I~~~~'~. CO?-CH=-CH (CH3 ) ~ H 



O -C--ii-C (CH3) 3 0 10 O (homochiral) The product from part (b) (65 mg,
0.087 mmol) was dissolved m 1,4 dioxane (1.0 ml). 1N HCl (8 7 ~1, 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) lb the reaction mixture was diluted with water: 1,4-dioxane
(I:1) 4 ml) and filtered. The filtrate was lyophilized to afford 47 mg of
the desired product. IR(KBr) 1788 cm-1.   170 15 November 2002 Exa~rnple_73
NHHC1 H N~ I~``' COz- (CHz) z~ 2 H I ~--~ O ~N- C- H- C l CH3 ) ; 0 O
thomochiral) a) 0 H ~CH2-O-C-N Oz- (CHz) z~ o ~ ~/ O-IC_N~~T CHI H r l NH 0
5 Following the procedure of Example ~ 2 part la) but substituting (2
iodoethyl)benzene for the 1-iodo-2-meth~~lpropane, the desired compound was
obtained. b) 0 U ~ O CHz-O-C-N C02- (CHz) z~ n~. ~--~. CHI- p... IC_ N H ~
0 0 N N 1N- C- N- C ( CH3 ) 3 -/ H O 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. c) N'IHHC1 H2N~ ~/i~,, COz- (CHz) z
`.-../ 



O H / ~~N- C- N- C ( CH3 ) 3 O H O (homochiral) 15   171 15 November 2002
The product from part (b) (97 mg, 0.122 mmol) was deprotected and worked-up
according to the procedure of Example 72(c) to give 67 mg of the desired
product. IR (IiBr) 1790 cm-1. 5 Example 74 NHCF3COOH COzH ~ nomoc hira l )
H~N~ N 0 ii 0 ~~ _ ~~ Ch`~ 0 Following the procedure of Example 34 but
employg cyclopentylmethanol in place of the cyclohex~lmethanol. the desired
10 product was obtained as a colorless glass. 1\ZS 453 3 Cl~t+H)+, 45L4
(M-H)-; IR(IiBr) 1788 cm-1. 1665 cm-1 Example ?5 I~Tf~i  2HC1 q ~,-~ C ~~..
~/~,,. C-N N- ~-NHS ~?N .. 0 C N 0 H 15 a) (homochiral) 0 CH2- O- C^ ~ _
C`'~2 Trimethylsilyl isocyanate (3.8 ml, 3.22 g) 28 mmol) was added 20
dropwise over 15 minutes to a solution o N-carbobenzyloxypiperazine (5.5
172 15 November 2002 g, 2~ mmol) and diisopropylethylamme (9.6 ml, ?.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 wafer and e~ctracted with ethyl acetate, washed 5
with water and brine, and dried over sodium sulfate. The crude product was
purified by column chromatography eluting with 20% ethyl acetate/hexane to
give 5.1 g of the desired product. ?~'IS (1M+H)' 264. fl HN N- C-Nf=-: b) 



10 :~ mi.xture of the product from step (a) (3.96 g, I5 mmol) and p
alladium on carbon cataly st ( 10~0. ~? i m methanol ( 100 ml? was stirre d
under hydrogen atmosphere (hydrogen balloon) at room temperature for 1.25
hours. Filtration and concentration of the reaction gave 2.0 of the I5
desired product. ( V j--- CH - O- C- N 2 ~^-IV N- C-Nf..;~ ~- N~ ~'~,,. Q
NH c) O 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 p.l, 0.48 mmol), ethyl-3-(dimethylamino}propyl
carbodiimide, hydrochloride salt (92 mg, 0.48 mmol) and
1-hydroxy-7azabenzotriazole (65 mg, 0.48 mmol) in tetrahydrofuran (10 ml)
was heated at 60C overnight. The mixture was diluted with methylene   173
15 November 2002 chloride, washed with water, dried over magnesium sulfate,
and concentrated to give the crude product. Purification of the crude
product by flash column chromatography (silica. ~ - 10% methanol/methylene
chloride) gave 128 mg of the desired product as a ~i-hite solid. MS 594.3
(M+H)~. 592.3 lM-H) II ~ II ~CH^_~,_C_N ~-N N-C-NHS 1_ I\ Ij ~~n, CH ~ _
/Ti~1`: --C N d)  mixture of the product from step ~c) (110 ma. 0.18o
mmol), the 10 acid chloride from Example 56(a) (63 mg. 0.'_'8 rnmol).
diisopropylethylamme (96 ~1), and 4-dimethylammopyridine (18 mg) m
methylene chloride (4 ml) was stirred at room temperature for 18 hours. The
reaction was quenched by the addition of saturated sodium chloride solution
and extracted with ethyl acetate ( 3.1 a0 ml ~ . The extracts were I ~
combined. dried over maenesium sulfate. and concentr ated. The crude
product was purified by flash chromatography (0 - 15% methanollmethylene
chloride) to g2ve 114 mg of the desired product as a white solid. MS 784.5
(lbi+H)+, 782.5 (M-H)- ; IR (Ii,Br) 1782 cm~l, 1732 cm-1, 1643 cm-1, 1586
cm-1. 20 e) ~ .2H~~ q H2N N ~ ~~'~~ H ~ N O N O H (homochiral)   174 15
November 2002 



A mixture of the product tom step (d) (1.39 g, 1.77 mmol)) 1N 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 m~.xture was filtered through a Celite cake and
lyophilised to give 1.01 g as a white solid. MS 260.6 (M+2H)2*; 1R 1780
cm-1, 1632 cm~l.   The following additional compounds of formula IV were
also prepared: NH II N~N~~~~ R1 2 H N O \Xz X2 R, salt stereochemistry M+H
O o 0 0 76 -C-I~N-C-N--C (CH3) 3 -C-N~C-NHz l.U ICI homochiral 53G ~lH O i
H3 ~ H3 O H3 11 CH3 -C-N- (CHz ) z-N-C 77 CH3 -~ozl~ -- holnocliiral 453
CH3 CH3 CH3 0 -C-N- (CHz ) z N-C-O- H-CEI (CH3 ) z -CpzH 7g ---- homochiral
471 CH ( CH3 ) z V Z 0 m m N O O N   176 x L7 ~_ ^rC: :r,L,'"'OU^-^, rCJO_
Ciw~~.^,O C 



^~~NvLC_y.~r-,,v 1Nr-f NNUO- U_UI NIN UI NUC= UIZC= U I N N xr U N U N U U
U U x x U-U I U-U O O O-_ U O= U O-U O.U ~'C ~ I I O n 15 November 2002
~?C II n o - C- ~N-- C- 0- i H- CH ( CH312 CH (CH3 ) y O O 82 C ~N-C-O-iH
CH(CH3)2 CH ( CFi3 ) 2 R, salt stereochemistry M+H 0 0 -~C-~c-NHZ 1.0 HCl
homochiral 579 I -C-NBC-NIF~ 1_IF li(,`1 hoinocl~ii~al G15 H II O V V Z O
cD CD N O O N   178 x .., . ", s., U ~r ~r '~"w, 



p V U O 0 8 0 .. x c7 x _V U ~_ O J ~' c;' U o U v~ .-~ ~ o N x x U U I z z
o- U xl , o-U o=U N _N N U ~ U N U N M x x U U U U U U U--U U-U U-U O O o.
a o-_ c~ o= v J'C I O 1 O- ~ O= U 1 u7 CO 15 November 2002   179 x ~....:.
:.,~..., ...C U J wiir1vCp r~rHN zN xU=O O O= UN xazx o=~zx ao-y II 



N N rt r~ U N U N I U ~ U U-U U-U I I O O I I O-_ U O= U O=U O.U t I 15
November 2002   ~C X2 0 II n ~ ~HZ-~ - C-~N- C 88 H- i-O-~H-CH(CH3)z O
CH(CH3)2 II /~ 89 -C-~N-C-N(C2H5)z ft~ salt stereochemistry M+H + -COZH
__._ homochiral 616 -COZH ____ homochiral 426 00 0 cn Z 0 m 3 m N O O N
FxXzR, ssalt tereochemistryM+HOH-CH(CH3)z ~C H C ~90~ /-COzH____
homochiral468CH ( CH3 ) 20 O 91 -C-IQ N-C-N(CH (CH3 ) 212-C02H _-__
liornochiral454O -C-~N"C- N- C-O-C (CH3) 3_ C02H ---- homochiral 



539-/ 1 - C- N N- C- 0- H-93-C02H1.U ~iCl homochiral549 z 0 m rn N O O N
x w w ar N c A t) C i~ r C~ ~Cd U r xy c :J .~, U . 182 0 fi .. i J J V G r
x N U N M U ~N.. U U v N ',L~, U N 1 U 1 p psU ~tU er 



15 November 2002 0 U C d xN 0 U ~N C U M x U U U U U Usd .,W~x M x ~U V ps
~O y O~U a Or U cD   Ex X2 O --- IC- N- C CH2 CH ( CH3 ) z 9'l H-i
-O-C-lCf~3) 3 O O II. ~ ~ O ---C-~N-C CHz 98 H- i-O- i fl-Cfi (Cff3 ) ; O
Cff(CH3)~ ~ O /~ 9 9 _ C-1 ~ - C---( ) -C- N-o 0 100 R~ salt
stereochemistry M+H + -COzH ____ homochir~il 540 -CnzH ____ lu~moc:hiral
G1G 1 I) II('I Icu~l~~;~I 4;37 -COZH I.0 HCI hamochiral 43l GJ 



cn Z 0 m m N O O N   ~C X2 O 0 O 1 ~C ~N- C- 0- CH- CH ( CH 3 ) 2 1 CH (
CH3 ) 2 Ei3 q ~--~ o ~H3 _ ~_ ~E,r--. C 1U2 . CH3 CH3 0 1U3 C`r~
-C-CH-CH(CH3)2 CH ( CH3 ) 2 R~ salt stereochemistry M+H + -002H 0 02 ('.1~
,('.( ut ( l~omochi~wl -COZH j 0 ~~1; ((~(~,y homochiral 451  -C02H _-__
homuchiral 453 N Z04 - ~- N N--~/ H Z 0 m .rC-I~~C-NH2 2.OliCl homuc:hiral
519 ~l m N O O N   x s, .,. a~ x U O O it O CO c r .^ U O C w u~ n7 x 2 C~
O- a C r, x _U N x _~ U U I x w U..-.. U O O=U Z I 



O- U 185 a: .^ O a w U x x Z-U O- U 1 O O 15 November 2002 ~r :3 .^ J 0 r,
x _U U I O O= U ,~ ~-a Oo U I O   ~c X2 R, II n 108 -C-~N--C-I~N--l -COZH H
0 II ~ -~C~ZH 1Q0 -C-~N-SOz-CH2-CH(Cfij),~ 0 ~H3 I H3 ~ H3 - C-N- ( CH2 ) Z
-N- C CH3 ~ O 11o CH3 -C-N, r-C-NFi; CH ~/3 O ~ 111 -C-H }-COzH -COzH salt
stereochemistry M+H + 1 () HC1 homochiral 521 



___ homc~chixwl 417 l.lIIIC;i homochiral 5G3 1 (1 11('.1 humc~cl~irnl 37u z
0 m N O O N   J~C X2 O-CH3 CHz O O II -C-~N 112 ~Hz O-CH3 C)- CH 3 Cliz O O
II ~ II - C- Z~N_ C 113 ~ Hz O- CH3 O - C- ~N~ C- CHz-N [ CH ( CH3 ) z 1 z
114 R, salt stereochemistry M+H '-COzH ___ hotnoc:liiral 512 -COiH ___
l~c~mc~c:liir:~l 512 -COzH 2 () ('.l,',l'( 1,1I Imnioo:hirnl ~tG8 V C m m N
O O N   ExX2R,salt stereochemistrynq+H +O ON'C-C-N- H-CH(CH3)2 -C-I~ ~ H -
COZH___ hotnocltiral 



496115 CH ( CH3 ) 20u_ C-NOI)-CO?H___ homochiral427H C-O-C (CH3 )
3116O-C-NV ~C-CHZ-O-iIi-CIi(CIi3),~-C(~lH_._ hcnocltir;tl 483 117CH (Cfi3 )
2-C- I~N~ C CH3 ~-COzH2,p (;l:,i(~().,11 homochtral43-~NH~ H3C118 00 -1 m s
m N O O N   15 November 2002 x iH .A U C 47 F U y _~ CC LJ r J H V .^. .^.
C r_ ' j . N M z o=U x z _ r_r. a N r~ U I O=CJ N N _U U U x o U .r Cr~.O U
U I 0 0 0= i ~, a- a o= v z z zx 



,. C __, O= U O I ~ I O= U I l C7 O N N rH rH ..a H   N O O N L 7 0 z O ~6~
jt;.rir[aouroy I',_)(1 ~)~[~-U_(EHU)o-O-J--rI~-U-~ 9 ~ I ~/o GLt.
(tr.itc(:>catrar( (~)~( () ! ~~-7-HJ I Io ['~I Hp
0ps.tauroa.ra~sLrpjt?.rttjaotuotj~o aan~xyu (7(( ()-[HzpU-HOp- - ELIfp o
H.~y~ .t~srmaqaoaaaas a(~s r~ zX ~3   bC X2 II / -C-~N-C-0-CH CH(CH3)2 12s
ii ~---\ -C-~N-C-O-CH CH(CH3)~ 127 ~/ R~ i " C- N N H H Il' /~ - c- ~(~ raH



salt stereochemistry A-1+I-1 + '? U ('.l~,t'.()UII hU111UC111Ta1 5~1 v 1)
('I' (('.()()1~ l~cnucacliiral tol4 c~ N II ~----~ - C_ I,, -C-N N- C-O-CH
CH (CH3 j z 128 ~/ 2 N t1 '' ~~ ('.I~',~`,()()!1 I~omc~c~I~ir~tl (il ~) N O
O N   N O O N L 0 r N jI:.III~~()LiIQI~ ~IC~C):)~:I;) l1 r. ~=IIPI-~-~H;
)-~~J`0- Z /~ JI ~/ Z(fHJ)HJ HJ-0 J-i~I~-0_ OEI ~~ ~~ ~--'~ II O L9~
Is.I~Ij~ouloq ~-1U0~_)`'~l~) t) Z HZO~-- O 6~I t~t -JI _ 1~I~ -0 _ zflN N
,~ ~ OI 1(' ~ zoH IAN + H+y11 t~simaqaoa.~a~s ~TEs I zX   The following
additional compounds of formula IV were also prepared NH HZN~L N H -N O X~
Ex Xz II -COzH -C-n[ .N- C-N-C(CH3)3 13 ~1 O ~ tt a Cr,,, ~ -C- ~ -C-Ntj? N



132 H salt stercochemisir_y I\~I+H homochir<<1 426 `?.llll(.'1 lwnu~cliirol
Q20 c~ W cn z 0 m m N O O N   194 x L'~ i.~ .,.., C3 O U y C C i ,, r.., w
N Z o= U x c v e-a cx I N M x U x N U z~ zx v 0 z o= a C Cz I . i o=a M Cr7
15 November 2002   195 15 November 2002 Example I35 NII'riHCi CH3 H~N~ iv
CH3 H C N~ C/ n (racemate) a) CH3 Cu3 



N~~~ iC~: I - 5 ;.(CH=m 4,4-Dimethyl-'?-azetidmone (I i g) 0.1 r I moll and
tert butyldimethylsilyl chloride (28.43 g. 0.188 mol) were dissolved m
methylene chloride (270 mI). :~ solution of diisopr opylethylamine (44.80
10 ml, 0.25? 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 w as washed with I:~ 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) CH3 C1 ~ CH3 N 0
~Si(CH3)2 C ( CH3 ) s   196 15 November 2002 A 1.6 M hexane solutuion of
n-butyl lithium (4.83 ml, 7.73 mmol) was added dropwise to a stirred
solution of isopropylamine (1.08 ml, 7.73 mmol) in tetrahydrofuran (5.0 ml)
at 0C. After 30 minutes, the solution was cooled to -78C and a solution of
the product from step (a) (1.50 g, 7.03 5 mmol) m tetrahydrofuran (~.5 ml)
was added drogwise. After 40 minutes . a solution of 1-chloro-3-iodopropane
(1.72 g, 8.43 mmol) m tetrahydrofuran (2.5 ml) was added dropwise. The
temperature was slowly raised to 0C. 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 1N potassium bisulfate and saturated sodium chloride. dried
over magnesium sulfate. and concentrated. The residue was purified by
silica gel chromatography to eve 1.46 g of the desired product. c) CH3 N3 ~
CH3 N C ~'~i(CH3)z Z5 'C(CH3)= Sodium azide (0.91 g. 14.0 r 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 45C, the solution was cooled to room
temperature gad 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.  



15 November 2002 d) CH3 H3CCOOHH2N ~ CH3 Ny O i1(Cxi3)2 C ( CH3 ) 3 The
product from step (c) (0.57g) 1.92 mmol) was dissolved m 1,4 dio~ane.
acetic acid (0.11 ml, 1,92 mmol) was added followed h~c~ 10% palladium on
carbon catalyst (0.15 mole/o). ~ hydrogen atmosphere was introduced ma
balloon. after 1 hour of stwrmg at room temperature the solution was
filtered and concentrated to eve 0.~9 g of the desirea product. e) CFi~-
G-- C-N CH3 ~Ci-ii-O~-CN N CH3 H H I N G ~Si (CH3 ) 2 C(CH3)3 I0 The
product from step (d) (0.59 g, 1. 7 8 mmol) was dissolved m acetonitrile
(8.0 ml). Triethylamine (0.26 ml, 1.8? mmol) was added followed by
N,N-.dicarbobenzyloxy-S-methylisothiourea (0.64 g, 1.78 I5 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 give 0.87 g of the desired
product.   15 November 2002 0 Q cH~_G-Ic-N 0 II CH3 ~CH2-0_ C., N CH 3 O A
1.0 M tetrah~dr ofur an solution tetr abut~-lammonium fluoride 5 (0.69 ml.
0.69 mmol) ~ccas added dropwise to a stirred soultion of the product from
step (e> (0.36 ~, 0.6? mmol) in tetrah~-drofuran (~ ml) at 0C. The reaction
mature eras then stirred at room temperature. After 1 hour the solution was
partitioned between eth~i 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 chromatography to give
2 t6 mg of the desired product. g) 0 CHI-G-~~-N O II CHI CH2- O- C- N CH3 H
N O \ ~~ N O H 15 A 1.0 M tetrahy drofuran solution of sodium
bis(trimethylsilyl) amide (0.28 ml, 0.28 mmol) was added dropwise to a
stirred solution of the product from step (~ (0.12 g, 0.26 mmol) in tetr
ahydrofuran (1.5 ml) at -78C. After 30 minutes of stirring) phenyl isocy
anate (42 E,tl, 0.39 mmol) was added dropwise. The temperature was slowly
raised to 0C. After 30   



15 November 2002 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
purified 5 by silica gel chromatography to eve 0.16 g of the desired
product. h) NHHC1 'I CH; H~I~~N C: i O _ i ('_'uC~a:~Le ) The product from
part tg) (0.16 g. 0.27 mmol) was dissolved m 1.410 dioxane. 10% Palladium
on car bon catalv st (0.15 mol %) ~w as added followed by 4N HCl m
1.4-dioxane (68 ~1. 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 in solution. ?after 30 more minutes. the reaction mL~ture was
diluted ~ith 50% acetonitrile m water 15 (2.0 ml) and filltered. The
solution was concentrated to remove organics and then lyophilized to give
84 mQ of the desired product: IP~ (IiBr) 1733. 1707 cm~ 1; (M+H)+ = 318.
The following additional compounds of formula II were also prepared F~ 136
137 138 NH CH3 fi?N ~ C'fi3 H N O ~X~ X~ salt 5lereochemistry M~-H O
--C-CH3 1.0 CF.sCOzti r~~ce~nate~ 241 O 1 0 I1C'! recc~i~<<le 303 ft o o
1.0 HCl racemate 379 N O O z 0 rn N O O N   Fu 



13s 141 142 X~ ft ~ - C--( ( J t--CF3 O - C- CHZ- O 0 - C NH S02 CH3 salt
stereochemistry 11I-+-H 1..0 HCl raceniatc~ 371 1.011C1 rucemute 333 1 f)
II(.'l r;icc~~i~;ate 3i2 1.0 Ht~l ~~aceinate 33Z N O Z 0 m m -, N O O N
143 144 145 Xi salt stereochemistry 0 II /~ - C- NFi~ F 1.0 CF:;COzI-i
racemate -SOZ-~-C (CH3 ) 3 1.0 HCl racemaLe S02- 1.0 CF:~CO2H racematc M+H
336 395 339 N O N 3 C N O O N  



203 15 November 2002 Example 146 NIIH  HC1 CH3 H~N~ H~n. CH3 l O ~ S02
(homochiral) a) 0 ~Cii~-O-'C-N O 11 i~,,~, CH3 OO -C_-~-c-N ~ c~~ NH 5 0
The racemic product from Example 135 seep (~ was separated into pure
enantiomers (-) isomer and (+) isomer on Chiralpak-AD prep-column eluting
with 30/ 2-propanol/hexane. 10 b) CHZ- O- C-- N ,,,,,) cH3 CH2- O- C- N ~
CH3 H O SOZ---( ( ) ) A solution of the (+) isomer from step (a) (125 mg,
0.268 mmol) in tetrahydrofuran (2 mI) was cooled to -?8C under an argon
atmosphere. A 15 1M solution of sodium bis(trimethylsilyl)amide (0.536 ml)
in tetrahydrofuran was added dropwise and the mixture was stirred for 20
minutes. Benzene sulfonylchloride (95 mg, 0.536 mmol) was added   204 15
November 2002 dropwise and the mixture was stirred at -78C for 4 hours. The
reaction was diluted with aqueous 10% potassium bisulfate solution (10 ml)
and extracted with ethyl acetate (3 x 10 ml). The combined organic phase
was washed with water (25 ml) and brine (2~ ml), and dried over sodium 5
sulfate. The solution was filtered and the solvent evaported to give an
oil. The residue was purified by flash column chromatography (silica, ethyl
acetate: hexane, 1:3) to give 149 mg of the desired product as a colorless
oil; (M+H)+ = 607. 10 c) N''HHCI CH3 H2N~ ~i~.. CH3 I N O 0 ~502~ 



(homochiral) A solution of the product from step (b) (140 mg, 0.23 mmol) in
dioxane (4 ml) containing aqueous 1N HCl (0.46 ml) and IO% palladium 15 on
carbon catalyst (70 mg) was stirred under a hydrogen atmoshpere for 1 hour.
The reaction was filtered and lyophilized to give 78 mg of the desired
product as a colorless solid; IR(I~r) I7?8 cm-1; (M+H)+ = 339; [aln = + 12
(methanol, c = 1).   The following additional compounds of formula II were
also prepared NH f' CH3 HzN~ N~~~.. CH3 H N O \X1 IBC X1 salt
stereochemistry M+H + 147 -~-CHz-O ~ 0 1.0 CF3COlH homochiral 409 148 -SOz
~ 0 1.OIIC1 l~onwchiral 4l5 149 -S02~C-N; ) l.U HC1 homochiral 450 N O Cr
cn z 0 m m N O O N   Ex X~ salt stereochemistry +H + 0 --~c-cH2-0 0 -O 150
1.0 HC1 homochiral 333 0 151 -IC-CH2-O O OH 1.011C1 homochiral 349 152
_C-CHZ-O \ I 1.0 tiCl homochiral 383 N O Z 0 m 3 m N O O N   be X~ 



153 -C-CH2-o~o 154 -C-CH2-O 155 -C-CH2-O-CH3 156 - C-CHZ- O- ( CH2 ) 2- O-
( CH2 ) Z- O- CH 3 salt stereochemistry M+H + 1.0 HCl homochiral 425 ---
homochiral 353 1.0 HC1 homochiral 270 1.0 HC1 homochiral 359 N o V Z 0 m m
N O O N   FF~c Xi salt stereochemistry M+H q -~-~HZ-o 0 157 O 1.0 HCl
homochiral 409 O - fC-CH2- O Z58 ~ 1.0 CFaC02H homochiral 409 O Ii 159 -C ~
S02-N(C3H~>2 1.0 HCl homochiral 46G N O cr Z 0 m m N O O N   15 November
2002 Example I60 ~  ~ . ocF3co2H CH3 HzN v CH3 H O SO~ (homochiral) a) U
r--CH2-O-C-N ~~2_'OwC-N N CH3 H N /~ 0 



~5 The (-) isomer from Example 146 step (a) (0.163, 0.349 mmol) was
dissloved in tetrahydrofuran (2 ml) and cooled to -78C. 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 -78C 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 p, column) to give 108 mg of the desired product as an
oil; (M+H)* = 607.2; [a]n = -?.0 (c = 0.3, chloroform).   210 15 November
2002 b) NH1.~CF3C02H ~3 H2N~ CH3 H I N S02 (homochiral) I0% Palladium on
carbon catalyst (50 mg) was added to a solution 5 of the product from step
(a) (105 mg, 0.1?3 mmol) in 1,4-dioxane (I5 ml) containing 1N HCI (0.2Z
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 I00 mm, 5 ~., fast elution column) to give
23 mg of the desired product as an oil; (M+H]* = 339; [a]n = - 9.3 (c =
0.42, methanol).   1GI The following additional compound of formula II was
prepared raH CH3 ti2N~ N CH3 H I N O X~ Xi - C-CHZ- O-O 



O salt 1.U CF:~C02H stereochemistry M+H + l~omoclziral 333 N Z C N O O N
F~ 162 163 The following additional compounds of formula II were prepared
NH R11 Fi2N~N~~'' R1 H N ~X 1 Xi O C NH o C NH Rs Rss salt stereochemistry
-COzEI C,'Ha ___ rucesn~te -C02CHs CHs 1.01-iCl racemate M+H 348 3G2 N N z
0 m s~ m N O O N   The following additional compounds of formula II were
prepared NI'H R m HZN~ N R1 



H I r~ o ` x, N GJ Ex X~ 0 1~ -C NH-O 164 O C NH--O 165 Rs Rs, salt
stereochemistry -COlFi CHa -COzCHa CHs 1.0 CI~'.sC'.t~~~ll racesnate 1.0
HC1 racc~mate M+H 348 3G2 cn Z 0 m rn N O O N   214 15 November 2002
Example 166 o ~  i. o Hc1 p H N ~~~ CH3 C-OCH3 z H N O \ C-- N `i H O
(racemate) a) COZH N O \ii(CH3)= C(CH3); 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) .. co~H N O ~ii(CH3)z C(CH3)3 To diisopropylamine (5.6 ml. 40 mmol)
in tetrahydrofuran (30 ml) 



at -20C 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 -?0C. A
solution of the racemic product from step (a) (4.00 g) 17.4 mmol} in
tetrahydrofuran (1fi ml) was added over 5 minutes and the reaction was
warmed to -20C over 15 minutes. A solution of methyl iodide (2.72 ml,   215
15 November 2002 43.7 mmol) in tetrahydrofuran (4 ml) was added and the
reaction was stirred between -20C and 0C for 30 minutes. Dry ethyl ether
(50 ml) was added and the reaction was poured into a mixture of ice and 80
ml. of 1N HCl. The layers were separated and the aqueous 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) CH3 C1~ ~~''~, CO?H N O \'~
iC H3 i C(CH3i3 10 To diisoprop~~lamine (3.62 ml, 25.8 mmol) in
tetrahydrofuran (20 ml) at -20C under argon was added 2.5 M n-butyl lithium
(9.2 ml) in hexane (23 mmol). The mixture was stirred for i5 minutes and
cooled to ?0C. A solution of the product from step (b) (2.76 g) 11.3 mmol)
in tetrahvdrofuran (12 mI) was added over 5 minutes and the reaction was 15
warmed to -20C over 1~ minutes. A solution of 1-chloro-3-iodopropane (2.5
ml, 23.3 mmol) in tetrahydrofuran (~ mI) was added and the reaction was
stirred between -20C and 0C for 30 minutes. Dry ethyl ether (50 ml) was
added and the reaction was poured into a mixture of ice and 52 ml of 1N
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.   216 15 November 2002 d) 0 CH3 Cl~ ~~~~'' II-OCH3 N 0 ~ii(CH3)2 C
( CH3 ) 3 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 mnaure for 10
minutes and the solution was concentrated. The residual oil was taken up in
eth~-1 ether and the solution was washed with cold dilute- potassium
bisulfate and then brine (twicei, dried over sodium sulfate and
concentrated to give 2.046 g of the desired prpduct as an oil. 10 e) 0 CH~
II N3~ ~~''~.. C-OCH3 I N O ~~i(CH3)z =(CH3) 3 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 60C 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 uacuo and the residue was
taken up in ethyl acetate and dilute aqeuous lithium chloride. The ethyl
acetate layer 



20 was washed again with dilute lithium chloride and then brine (twice),
217 15 November 2002 dried over sodium sulfate, and concentrated to give
3.53 g of the desired product as a crude viscous oil. CH3 N3~ ~~``~~,
C-OCH3 ~'~i 5 0 A solution of the product from step Vie) (3.~3 g) in
tetrahydrofuran (30 ml), acetic acid (1.'2 ml), and 1.011'I
tetrabut~-lammonium fluoride t20 ml) in ietrahydrofuran was stirred at room
temperatuze for `? hours and 10 then concentrated to a residue which was
taken up in ethyl acetate and brine. After extracting, the ethyl acetate
layer 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 (?:3) gave 2.1 g of the desired
product as an oil. 15 g) CH3 HC1HZN~~~~'''.. C-OCH3 NH O The product from
step (f) (6?8 mg, 3 mmol) was hydrogenated in 20 20 mi of dioxane and 3.0
ml of aqueous 1NI HCl in the presence of 10% palladium on carbon catalyst
(23? mg) for 2 hours. After filtration using aqueous dioxane and
concentration of the filtrate, the residue was concentrated from dioxane
repeatedly to give 9?4 mg of the desired product as a crude thick gum.
218 15 November 2002 h) 0 o ~Hz_o_11_N O CH3 O ~~ -OCH3 II ~CH2-O-C--N N NH
O To a solution of the product from step (g) (94a mg) in dry methanol 5 (7
ml) and drc dimethyl ether ( i ml) under argon was added sequentially
N,N'-dicarbobenzyloxc-S-methylisothiourea (1.61 . 4.5 mmol)) triethylamme
(I.~ ml. 10. r mmoh and mercurzc chloride (L22 g. 4.5 mmol). The reaction
was stirred at room temperature for 2 hours and the filtered through
CeliteGH` using ethyl acetate. Concentration of the filtrate i0 gave a
residue which was taken up m 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 ethy 1 acetate:hexanes (6:4) gave 1.03 g of the I5
desired product as an oily residue. 



i) ( U r- CH2- O- C- N / CH3 . C_OCH3 0 O N~C~ H II O To the product from
step (h) (582 mg) 1.I4 mmol), previously dried 20 by azetroping from
tetrahydrofuran and toluene, in tetrahydrofuran (8 ml)   219 15 November
2002 at -78C under argon was added 1.0 M sodium bis(trimethylsilyl)amide
(1.5 ml, 1.5 mmol). The mixture was stirred for 15 minutes and then
phenylisocyanate (150 ~1, 1.38 mmol) was added. The reaction was warmed to
0C over 30 minutes and poured into 8 ml of 10% potassium 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 concentrated 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 ~) r, ~.~.~ xci c~= c-och= HzN
H~/~~.. N C ~ C-Tv II (racemate) The product from step (i) (636 mg. 1.01
mmol) was hydrogenated in 12 ml of dioxane and 1.0 ml of IIv' HCl (1 mmol)
in the presence of 10% 15 palladium on carbon catalyst (223 mg) at 1
atmosphere of by drogen 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   ~c 167 The
following compound of formula III was also prepared NH ~ R12 H2N~ N~/~'',
R~ H N 0 Xi X~ Ri R~2 sall C NH ~ C cHz ~.o r-lcl stereochemistry M+H +
racemate 415 N N O 



C N O O N   22 ~ 15 November 2002 Example 16S NH1.0 HC1 ~ CIi~ C_OCH3 H2N_
-N H N O O ~C~N~ H O (racemate) a) C,~ ~~''~, COO:.' N O To
diisopropylamine( 8.9 ml. 63.i mmol) in tetrahydrofuran f50 ml) at -20C
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 -70C. ~
solution of the racemic compound from Example 166 part (a) 10 (6.49 g, 28.3
mmol) in tetrahydr ofuran (30 ml) was added over 5 minuies and the reaction
was warmed to -20C over 13 minutes. r1 solution of 1chloro-3-iodopropane
(6.3 ml, 58.7 mmol) in tetrahydrofuran (10 ml) was added and the reaction
was stirred between -20C and 0C for 30 minutes. Dry ethyl ether (125 ml)
was added and the reaction was poured into a 15 mixture of ice, IN HCl (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 sulfate, and concentrated to an oil, which
was concentrated from hexanes (5x) to give 7.61 g of the desired product as
an oil.   222 15 November 2002 b) CH3 C1 COON N O ~(i(CH3)2 C(CH3)3
3a-methyl epimer and 5 CH3 C,~ ~~~'. COON I`t O ~ii(CH3)2 C (CH3 ) s
3~-methyl epimer To diisopropylamine (4.7 ml, 33.5 mmol) in tetrahydrofuran
(25 ml) 10 at -20C under argon was added 12 mI of 2.5 i1Z n-butyl lithium
in hexane (30 mmol). The mixture was stirred for 15 minutes and cooled to
-?0C. A solution of the product from step (a) (4.50 g, 14. i mmol),
prevyously dried by azetroping from toluene and tetrahydrofuran, in
tetrahydrofuran (20 ml) was added over 5 minutes and the reaction was
warmed to -20C over 



15 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 20C
and 0C for 30 minutes. Dry ethyl ether (70 ml) was added and the reaction
was poured into a mixture of ice, 1N liCl (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
223 15 November 2002 (5 x) to give 4.60 g of an oil consisting of the
3a-methyl epimer and the corresponding 3(i-methyl epimer in a ratio of 4:1.
c) CH: 5 CZ ~COCH3 N O \ii(CH3)2 C(CH3)s 3a-methyl epimer + 3~3-methyl
epimer Treatment of the product mixture from part (b) (1.24 g) with 10
diazomethane according to the procedure of Example 166 step (d) gave 1.36 g
of an oil consisting of the 3a-methyl epimer and the corresponding
3~i-methyl epimer in a ratio of 4:1. d) _c~:'N3 COCH3 v N O \ii(CH3)2
C(CH3)3 3a-methyl epimer + 3(3-methyl epnner I5 Treatment of the product
mixture tom part (c) (L35 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 3a-methyl and 3(3-methyl
epimers.   224 15 November 2002 e) II N3 COCH3 NH + 3p-methyl epimer 0
3a-methyl epimer 



Treatment of the crude product mixture from part (d) (1.21 g) in 5
tetrahydrofuran (10 ml) with 3.0 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 l1:1)) 343 mg of an oil consisting of the
3a-methyl epimer and the corresponding 3~3-methyl epimer in a ratio 10 of
(86:14). An additional 256 mg of the mixture was obtained in the
chromatography. CH3 ~~ HC1H2N COCH3 + 3[3-methyl epimer 0 3a-methyl epimer
15 Hydrogenation of the product mixture from part (e) (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.   225 15 November
2002 g) CH -O-~-N 0 CH3 COCH3 ( U r--CHZ-O-C-N N H H ~,-H - 3~i-methyl
epimer 0 3a-methyl epimer Treatment of the crude product mixture from part
(f) (460 mg) with 5 N,N'-dicarbobenzyloxy-S-methylisothiourea and mercuric
chloride as described in Example 166 step (h) gave. after chromatography
over ~ ~ g of silica gel using ethyi acetate:hexanes (6:4). 541 mg of a
gummy residue consisting of the 3a-methyl epimer and the corresponding
3~3-methyl epimer in a ratio of (86:14). 10 h) _ _ o CH2 O- C N CH; II
cOCx, CHz- O- C- N H I 3a-methyl epimer 0 N~-i~~ I ~/I O and the 3~i-methyl
epimer 'I~eatment 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 3(3-methyl epimer in a ratio of (86:14). 



226 15 November 20Q2 i) 0  1.0 HCl `CH3 C-OCH3 HEN N - H I N O C \C-N
3a-methyl epimer ~~ ri (racemate) + 3p-methyl epimer The product mixture
tom part (h) (45? mg) was hydrogenated in 9 5 ml of dioxane and 0.73 ml of
1.0N HCl in the presence of 10% palladium on carbon catalyst (160 mgt at 1
atmosphere for 2 hours. After filtration using aqueous dioxane. the
filtrate was concentrated to. a residue which was lyophilized from aqueous
acetonitriie to give 249 mg of a white hydroscopic solid consisting of
3a-methyl epimer and the corresponding 10 3(3-methyl epimer in a ratio of
(88:12); IR(KBr) 1??~ cm-1; (M+H)* = 362.   169 170 The following compounds
of formula III wer a also prepared R12 HzN R1 H I N O X1 X~ R~ Raz O CH 3 O
-C-NFi -COzH CHs s~IL stereochemistry M( H)~ l O HCl racemate 415 ---
roceluafc 318 N N V Z 0 rn 3 a0 N O O N   228 Example 171 15 November 2002 



NH1.OCF3COOH H2N~ II COH N O [` H O \C-.N~ 0 a) 0 iH3C);-r_O_C_y,, 5 OH
(homochiral) COOH The azetidine carboxylic acid was prepared from
epichlorohydrin according to the procedure of A.G. Anderson Jr. and R. Lok)
J. 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., W097123508. b) 0 cH3c) 3-c-o-c Br A solution of
triphenylphosphine (1.57 g, 6 mmol) in methylene 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 0C under argon. The reaction was then stirred at room temperature
for 16 hours. The reaction was concentrated in uacuo and the residue was
triturated with ethyl ether. Filtration and evaporation of the filtrate
gave 3.34 g of an oily residue which was   229 15 November 2002
chromatographed over silica gel by eluting with methylene chloride and then
methylene chloride:ethyl acetate (19:1) to give 1.02 g of the desired
product as an oily residue. c) 0 (H3C) 3-C-O-C-N 5 A mixture of the product
from part (b) (1.00 g, 4 mmol) and sodium iodide (1.80 g, 12 mmol) in dry
acetonitrile (10 ml) under argon was stirred at 65C for 2.5 hours, cooled
to room temperature and concentrated i~a uacuo. The residue was taken up in
ethy 1 acetate and water and the eth~Tl 10 acetate layer was washed with
water (twice), dilute sodium thiosulfate. and water (twice), dried over
sodium sulfate, and concentrated to give 1.18 g of the desired product as
an oily residue. d) COOH (H3C) 3-C-O-.C_ 



N 0 ~ii(CHg)2 C ( CH3 ) 3 I5 To diisopropylamine (0.63 ml, 4.~ mmol) in
tetrahydrofuran (3.3 ml) at -20C 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 -70C. 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 -20C over 15 minutes. A
solution of the product from part (c) (1.19 g, 4 mmol) in tetrahydrofuran
{3 mI) was added and the reaction was stirred between -20C and -30C for 1.5
hours and   230 15 November 2002 then at -20C for 16 hours. The reaction
was warmed to 0C 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 o 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 eth~~l acetate (three times), the
acidic ethyl acetate 10 extract was washed with bane, dried over sodium
sulfate, and concentrated to give G24 mg of the desired product as a crude
oil. e) COOH (H3C);-..-O-C-I NH O To the crude product from part (d) in
tetrahydrofuran (3 ml) at 0 15 5C under nitrogen was added 2.7 ml of 1M
tetrabutylammonium rluoride in tetrahydrofuran. The reaction was stirred
for 1.5 hours at room temperature and then the solvent was removed sn uacuo
and the residue was taken up in ethyl acetate) water and 10% potassium
bisulfate (I1 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.   231 15 November 2002 fl II (H3C)
3-C-'O-IC-N C-O-CH2 NH O 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 5 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 eth~1 acetate extracts were combined. and washed ~ith dilute potassium
bisulfate, water (twice) and brine, dried over sodium sulfate, and 10
concentrated to give 563 mg of an oil. This oiI was chromatographed over
silica gel by eluting with methylene chloride and then methylene
chloride:ethyl acetate (1:1) to give 407 mg of the desired product as an
amorphous residue. 15 g) 



0 ICO-CHt HOOCF~C HN NH 0 Triffuraacetic acid (1 ml) was added to a stirred
solution of the product from step (~ (300 mg, 0.80 mmol) m methylene
chloride (3 ml) at 0 - 5C. After 5 minutes, the reaction was stirred at
room temperature for 1 20 hour and then concentrated in uacuo to give the
desired product as a residue.   232 h) CFiz- O- C-N q CHz- O- C-N N~~ ~~//H
15 November 2002 C-G-CH2-( ( ) ) %.) NH O To a solution of the product from
part (g) (0.80 mmol) m dry 5 10 dimethylformamide (3 ml) under argon was
added sequentially N,N'dicarbobenzyloxy-S-methylisothiourea (430 mg, 1.20
mmol), triethylamme (0.45 mh 3.23 mmol), and mercuric chloride (326 mg.
1.20 mmol). The reaction was stirred at room temperatur a for ?. ~ hours
and then filtered through Celite using ethyl acetate. The filtrate was
washed with dilute aqueous potassium bisulfate (twice) and brine, dried
over sodium sulfate. 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 i} ~CH2-0-C-N
-O-CHZ O CHz-~C' H O H O To the product from part (h) (136 mg, 0.23 mmol),
previously dried by azetroping from tetrahydrofuran and toluene, in
tetrahydrofuran (2 mI) at -?8C under argon was added 0.30 ml of 1.0M sodium
233 15 November 2002 bis(trimethylsilyl)amide (0.30 mmol). The mixture was
stirred for 10 minutes and then phenylisocyanate (31 p.1,0.28 mmol) was
added. The reaction was warmed to 0C 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 geI eluting
with methylene chloride: ethyl acetate (98:2) and then methylene
chloride:ethyl 



acetate (95:i) gave 121 mg of the desired product as an oily residue. 10
1.0 CF:COON HZ COH i~,, 0 ~ C-N--( ( ) ) II O (homochiral) The product from
part (i) (115 mg, 0.163 mmol) was hydrogenated in dioxane (4 ml) and 1.0N
HCl (163 p.l) 0.163 mmol) ~n the presence of 10% palladium on carbon
catalyst (3~ mg) at 1 atmosphere for I hour. After 15 filtration using
aqueous dioxane, the filtrate was concentrated to a residue. This residue
was lyophilized from aqueous dioxane to give 89 mg of crude product.
Purification by preparative HPLC [YMC S5 ODS 30 x 250 mm, 25 mUmin, 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%
tritluoroacetic acid)] gave after lyophilization 31 mg of desired product
as a white hydroscopic solid, IR (KBr) 1780 cm-1; (M+I~+ = 346.   234 15
November 2002 Example 172 0 i,, COH N~ . O I ~ II 1.OHC1~~z O ~ ~
-C-p-iH--CH(CH3)2 CH ( CH3 ) 2 0 (diastereomer mixture) a) O c-o-c~H~ II
(H3C) =C-0-C-N D-tert-butyl dicarbonate (10.9 g, ~0 mmol) was slowly added
to a stirred solution of ethyl nipecotate (G.2 ml. 40 mmol) and N,N
diisopropylethylamine (7.0 ml, 40 mmol) in methylene chloride (80 ml) at 0C
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 HCl(2
x) and brine (2 x), dried over magnesium sulfate and concentrated to an
oil, which was eased 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.   235 15 November 2002 



b) CHz -OH N C=O I O C-(CH3)3 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.i mmol) in
tetrahydrafuran (120 ml) at 0C under argon. After 4~ minutes, the ice water
cooled reaction was decomposed by the cautious dropwise addition of ~N
sodium hydroxide (10 ml). The mixture was stirred for 10 minutes and the
semigranular mixture was filtered. The filtrate was concentrated to an oil.
which was 10 taken up in ether. The ether was washed with brine, dried over
sodium sulfate and concentrated to an oil, which solidified crc uacuo to
give ?.73 g of the desired product. c) J CH2_I N C=O I O C- ( CH3 ) 3 15 A
solution of the product from part (b) (4.1 g, 20 mmol) in 30 ml of
methyiene chloride 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 0C 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
236 15 November 2002 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. 5 d) C02H C 0 S1(CH3)2 C(CH3)3 C(C-ri3)g
Reaction of (4S)-N-(t-but~~ldimethylsilyl)azetidine-2-one-4 carboxylic acid
(1.I5 g, ~ 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) ~i~,. COZH N C=0 O O C(CH3)3 ~eatment of the
product tom part (d) (1.98 g) with tetra 



butyiammonium tluoriiie in tetrahydrofuran according to the procedure of 15
Example I71 step (e) gave 1.64 of the crude desired product as an oil. 0 11
_ N I N 0 O cccH3)3   237 15 November 2002 Treatment of the product from
part (e) (1.64 g) with benzyl bromide according to the procedure of Example
I71 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
chloridelethyl acetate (6:4). g) 0 ~o,,, C-O-CHz N /_ N n o j O O
~C~~-C-O-CH-CH (CH3) z O ~,/ CH ( CH3 ) z O C(CH3)3 A solution of the
product from part (~ (402 mg, 1 mmol)) triethylamine (0.28 ml. 2.0 mmol))
1-diisopropylmethoxycarbonyl 10 piperazine-4-carbonylchloride (436 mg, 1.50
mmol) and dimethylammopyridine (31 mg) 0.25 mmol) in methylene chloride
(4.5 ml) was stirred at room temperature under argon for 8 hours and stored
at 0C overnight. The reaction was concentrated in vdcuo 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 (??9 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) HOOCF3C -O-CHz-tU ,r ~N-~-O-CH-CH ( CH3 ) 2
CH(CH3)2    238 15 November 2002 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 - 5C. After 5 minutes, the reaction was
stirred at room temperature for 



2 hours and concentrated in uacuo 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. i) 0 II _o_CH~-0
~I N-~ ~~'. 0 CHZ-O-C-N ,NON- C-O-CH-CH (CH3 ) o ~ ~/ I C=O p CH ( CH3 ) I
/~ O-CH2 To a solution of the product tom 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 temperature 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 I5% and then 20% ethyl acetate in methylene
chloride to give 146 mg of the desired product as an oily residue.   239 15
November 2002 co2H N 1.OHC1HN~ O N\ Iy ,N - C- O- CH- CH ( CH31 z CH ( CH3
) z 0 (diastereomer mixture) 5 The product tom part (i) (141 mg, 0.163
mmol) was hydrogenated in di.oxane (5 ml) and 1.0 N HCl (0.163 mmol) in the
presence of 10% palladium on carbon catalyst (42 mg) at I 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 white solid; IIi,(KBr) 1787 cm-1, consisting of a mixture
(52:48) of diastereomers as determined by HPLC.   The following compounds
of formula I were also prepared NH h 



HzN A1 G,,, = R1 N` O X 1 '' c 173 Z74 -A,_ X, ft~ salt stereochemistry
n~i+H O . N~CH2 -C-~N-C-O- ~ H-CH(CH3)2 CH ( CH3 ) z -C02H --- homochiral
481 0 - cH CH2 W - CH3 -C02H 1.U l~Cl homochiral 452 N O Z 0 m rn N O O N
0 CHz - C N 175 H CHz - C N 176 H -C02H 1.0 HCl homochiral -(CHz)z--(U )
1.0 HCl racemate 374 434 O O CH2 _C~~N-C-O-~Ii-CH(CH3)2 . 177 N-~ Cti f CH3
) a -C02H 1.0 HCl diastereomer 495 . mixture N z 0 rn m N O O N   242 15
November 2002 Example 178 NH HzN N~,~~~. COH H N 0 ~C-N N-~-O-CH-CH (CH3? 2
CH(CH3)2 0 (nomochiral) 



a) 0 (H3C)?-C-0-C N~` 5 To a solution of di(tert-butoxycarbonyl)amme (?.17
g, 10 mmol) in dimethylformamide (40 ml) at 0C was added 6.8 g of a
solution of potassium tert-butylamylate m toluene. The addition was carxied
out very slowly over 30 minutes. After stirring for one hour at 0C)
1-chloro-4 10 iodobutane (2.18 g, 10 mmol) was added dropwise and stirring
was continued 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 ml). The combined organic layer was washed with 1.0 N ice cold sodium
hydroxide) saturated sodium phosphate, monobasic solution, and 15 finally
brine. After drying over sodium sulfate and evaporation) 2.76 g of the
desired product was obtained as a light yellow oil. b) 0 cH3c) 3-c-o-c NCI
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 60C for 12 hours.   243 15 November
2002 At that time) additional sodium iodide (2g) and acetone (30 ml) were
added and refluxing was continued for another 8 hours. Evaporation and
extraction of the residue (oil and solid) with hexane (5 x 30 ml) and
washing of the combined extraction solutions with 2.0 N sodium sulfite 5
and brine) and drying over sodium sulfate yielded after concentration 5.02
g of the desired product as a yellow oil. c) ( H3C ) =-C`-C- Nw ~~ COH ',
NH 0 10 (4S)-h'-(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 -50C. After the addition was completed. the
temperature was allowed to rise to -20C at which time a solution of the
product from part (b) (4.80 g, 12 mmol) dissolved in tetrahydrouran (10 ml)
was added dropwise. Stirring was continued for 2 hours at -20C after the
addition was completed. After warminig to 0C, 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 0C 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. .   



244 15 November 2002 d) ~CH~-O--C-N ~Cg2-0"C-N 1V~'', H O 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 0C. 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 HOOCF3C  H2N~,~ COH NH 0 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 -5C the pH was ad3usted to 8.5 by
adding triethylamme (0. r ml) followed by
hT,N'-dicarbobenzyloxy-Smethylisothiourea (2g, ~.5 mmol). The reaction was
stirred for 12 hours at room temperature. The methanol was stripped off in
uacuo an the oily 15 residue was taken up in ethyl acetate (20 ml) and
water (10 ml). After cooling to 0C) 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 0C, the aqueous phase
was acidified with concentrated HCl to a pH of 3.2 and reextracted with
ethyl acetate (3   245 15 November 2002 x 20 ml). The combined organic
layers were washed with brine, dried over sodium sulfate, and concentrated
to give 1.95 g of the desired product as a colorless oil. e) CH2- O- C-N q_
C O-CF:~ O O CH2-~C-N N ~, H NH 5 0 The product from part (d) (49 r mg) 1.0
mmol) was dissolved in tetrahydrofuran (o ml) and butanol (155 ul. I.5
mmol). dicyclohexylcarbodiimide (210 mg) 1.0 mmol), 4-dimethylammopyridine
(10 mg) and hydroxybenzotnazole (20 mg) wera added with stirring. After 10
stirring for 6 hours at r oom temperature, methylene chloride (5 ml) was
added. After filtration. the fihrate was concentrated an vacuo to give 570
mg of crude product as a colorless oil. Purification by flash
chromatography on silica gel eluting with ethyl acetatelhexane gave 495 mg
of the dsired product: IR (I~r) 1745 cm-1. 15 0 -O- -~ 0 CI O CH2 O CH2- 0-
C-N g H 0 ~C- ~ -IC-O-CH-CH(CH3)2 CH(CH3)z 0 



The product from part (e) (295 mg) 0.5 mmol) was dissolved in methylene
chloride (7 ml). After the addition of diisopropylamine {194 mg,   246 15
November 2002 L5 mmol),
1-diisopropylmethoxycarbonylpiperazine-4-carbonyl-chloride (2i8 mg, 0, 75
mmol) and dimethylaminopyridine (10 mg), the reaction solution was stirred
overnight at room temperature. Additional
1diisopropylmethoxycarbonylpigerazine-4-carbonylchloride (20 mg) was 5
added and stirring was continued for 4 hours. The reaction was quenched
with 10 ml of ice water (pH was adjusted to 4 with potassium sulfate
solution) and ethyl acE~tate. The aqueous layer was extracted with ethyl
acetate (2 x 10 ml) and the combined organic Iayer was washed with brine,
dried over magnesium sulfate, and concentrated an vacuo. The resulting 10
colorless oily residue Was purified by flash chromatography over silica gel
eluting with ethyl acetate:hexanes (4:6~ to eve 392 mg of the desired
product: IR(IiBr) 1790 cm-1. g) NH O C- OH HzN N~i, H ' t O N _ !~1 _ li _
_ _ O ~~ ~ V C O CH CH I CH3 ) 2 CH ( CH3 ) 2 0 15 ! :~omocr ~ ral ) A
mixture of the product from part (f) (96 mg, 0.11 mmol, 1N HCl (110 ~tl)
0.11 mmol), 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 polyvinylpvrrolidone resin column, aad lyophilized to give
44 mg of the desired product as a white fluffy powder; IR (I~r) 1780 cm-~,
1669 cm-1; (M+I~* = 483.3, (hl-I~- = 481.   In addition to the compounds
prepared by Han in U.S. Patent 5,037,819) the following compounds of
formula VI were prepared H H2NJl N~i~,) Hia H I N O X3 Ex Xs R~., salt
stereochemistry M-f-H -C 179 -COzI-I 1.0 CFzC:()~~Fl homochiral 3l9 o
-1C-N-( ( ) ) 180 H -COzH 1.0 HCl homochiral 334 o 



~l - C- N 181 H -COzCll.s 1.0 HCI liomocliiral 348 N -p V Z 0 m m N 0 0 N
182 1s3 184 185 X3 0 ~l - C- N H O -'C- N-( ( ) ) ~/H O - C- CH3 O -'C- N
~/H Rig -C02H - C-(CHZ) Z -(CHa)a--(LJ ) salt stereochemistry M+H + 1.0
CF~COzH racemate 334 1.0 HC'I 1.0 H(~l 1.0 1-iCl racemate 401 homochiral
317 racemate 394 N 00 Z 0 rn m N O O N   The following additional compounds
of formula VI were also prepared 



N~~Fi H` NJl N'~y., ~Rla Fi N O be 186 187 X3 R.ia salt stereochemistry M+H
O - Cr H~ - ( CFi212 1;-1 I.0 HCl racemate 394 IOI - ( CFiz ) z~ -C-CH3 v
1.U HC) raceutaLe 317 N Cfl 0 C N O O N   The following additional
compounds of formula VI were also prepared N''Fi ~Rr4 HZN~ N H N O X3 be
188 189 Xa Rr.s salt stereochemistry M-~-H O c NH--O II O -COzCH;s l.0
CI~.sC'O~~I-1 hornochiral 348 O II - C-NH -COzfi -- homochiral 332 N O Z 0
m 3 m N O O N   ~C 190 191 



The following additional compounds of formula VI were also prepared R14
fizN~ DI H I N O a3 X3 O - IC-NH 0 C NH Rt4 salt stereochemistry M+H +
-(',UzCHa~ l () IICI racemttte 348 -CUzli l.t) CrxCUzll racemate 334 N Ci1
cn Z 0 m m N O O N   252 15 November 2002 Example 192 0 CHz- O- C- N COzH
,. O~---CND 0-C-N N H `~ I NH O The intermediate of Example 1(b) was also
prepared as follows: 5 a) 0 II (Fi3C);-C-0-C N-SCa~);-Ci Potassium
t-amylate (25% wt in toluene. 164.0 g, 32?.6 mmol) was IO added to a
solution of di-t-butyl iminodicarboxylate (70.1 g, 322.6 mmol) in
dimethylformamide (500 ml) over a 15 minute penod under nitrogen. The
resulting white creamy solution was stirred at 0C for 40 minutes.
1Chloro-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.  



253 15 November 2002 b) o II (H3C) 3-C-O-C IV-(CH2) 3-I 2 The product from
part (a) (55.0 g, 187.2 mmol) was dissolved in 5 acetone (550 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 58C (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) 0 II ,,,,, cooH cH3c) ;-c-o-c 2 rr~ rrx 0 20 ~i-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 0C under nitrogen. The resulting solution was stirred at 0C for 30
minutes then cooled to -30C. A solution of (4S)
N-(t-butyldimethyisilyl)-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 -20C   254
15 November 2002 for 30 minutes. A solution of the iodo product from part
(b) (24.0 g, 62.3 mmol) in tetrahydrofuran (30 ml) was added dropwise over
a 20 minute period and the resulting mixture was stirred at -20C for 2
hours. The reaction mixture was allowed to warm to 0C and water (300 ml)
was 5 added. The mixture, adjusted to pH 12.5 with IO% sodium bisulfate,
was stirred at 0C for 30 minutes and then washed with hexane (2 x 100 ml).
The aqueous layer was cooled m 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 I50 ml). The combined ethyl
10 acetate extracts were washed with brine (Z00 ml), dried over sodium
sulfate. filtered and concentrated to give a yellow oil. This oil was
dissolved in acetonitrile (20 ml) and evaporation of the acetonitrile gave
16.4 g of the desired product as a yellow foam. 15 d) 0 ( V r--CH2 O-C N
COZH O _ /hi, ~CH~-O-IC_N H I NFi O The product from part (c) (4.25 g, 11.4
mmol) was added to a 1:2 mixture of triffuroacetic 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 0C.
Additional triethylamine (0.85 



255 15 November 2002 ml, 5.7 mmol) and
N,N-bis(benzyloxycarbonyl)-1-guanylpyrazole (4.3I g, 11.4 mmol) [Wu et al,
Synthetic Communications, 23(21), p. 3055-3060 (1993)] were added. The
mixture was stirred at room temperature for 11 hours and then concentrated
an vacuo at 25C to afford a yellow oil. 5 Ethyl acetate (30 ml) and water
(IO ml) were added to this oil followed by acidification to pH 3.2 at 0C by
the addition of 2112 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 m the
range of 2.9 to 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 2~ ml)) acidified
to pH 3.2 15 with concentrated HCl at 0C. treated with saturated sodium
chloride (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 an uacuo to afford 4.61 (9.55 mmol) of
the desired product as a pale ~~elllow foam. 20 Example 193 The product of
Examples 21 and 32 was also prepared as follows: a) C1~~~'' COZH N--Si
(CH3) 2 25 ~ C(CH3)3 Diisopropylamine (14.05 ml, 0.10 mmol) was added to a
dry, three necked flask equipped with mechanical stirrer and maintained
under an   256 15 November 2002 argon atmosphere. Tetrahydrofuran
(anhydrous; 33 ml) was charged to the flask and while the mixture was
stirred and cooled to -20C, a solution of n-butyl litiuum (38.3 ml of a 2.5
M solution in hexanes, 0.096 mol) was added dropwise and the solution was
stirred at 5 -20C for IO minutes. A solution of
(4S)-N-(t-butyldimethylsilyl) azetidine-2-one-4-carboxylic acid (10.0 g,
43.6 mmol) [Baldwin et al) Tetxahedron, Vol. 46, p. 4733 - 4748, 1990] was
added slowly while maintaining the temperature at -20C 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 -20C for approx~.matel~- 2 hours. 2.6R~I potassium
bisulfate (75 ml), water ( I00 ml) and ethyl acetate ( 100 ml) wer a 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 oil 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 I1.5 g of the desired product. b) Cl~~'' COZCH2r"'~ N--Si
(CFi3) z O C(CH3)3 25 The product from part (a) (7.02 g, 22.9 mmol) was
dissolved in methylene chloride (anhydrous, 40 ml) under an argon
atmosphere. The  



257 15 November 2002 solution was stirred and cooled to 0C, and
triethylamme (3.5 ml, 25.2 mmol) was added slowly while maintaining
approximately 0C. 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 m one portion with
considerable gas evolution. The solution was allowed to stir at 0C for 30
minutes. Additional benzylchloroformate (0.3 ml, 2.5 mmol) was added and
the reaction was stirred for an additional 20 minutes. The reaction was
quenched with 1M potassium bisulfate (30 ml). The mixture was 10
transferred to a separator~~ funnel and the layers were separated. The
organic layer was washed with 2\ potassium bisulfate (20 ml), 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), I5 and saturated sodium
chloride (21 `?5 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 m1 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 overnight to give 20 8.12 of the desired
product. c) I^/n,,. COzCHz V N-Si ( CH3 ) z O C(CH3)3 A solution of the
product from part (b) (10.53 g, 26.6 mmol) in 4methyl-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 110C, protected from
light, for 7 hours. The mixture was   258 15 November 2002 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 in hexane (50 ml) and filtered through a plug of silica.
The silica was washed with hexane (200 ml) and then with 4:1
(volume:volume) hexanelethyl acetate (500 ml). The hexanelethyl acetate
solution was concentrated to give 11.84 g of the desired product as 10 an
oil. d) 0 If C~?2- O- C-N H2N~N_ O_O-CH= ri The compound of the formula _
I~~ H-C-O-CH2-I t.:.15 (5 g, 20.3 mmol) and tetrahydrofuran (2 r ml,
anh~Tdrous) were charged to a dry flask under nitrogen. The solution was
stored and cooled to 0C. 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 0C.
N-(Benzyloxycarbonyloxy)succinunde (8.2 g, 32.8 mmol, 1.6 eq.) was added
portionwise maintaining a temperature of approximately 0C. The cooling was
removed and the reaction was allowed to warm to room temperature. After 1
hour) an additional amount of N-(ben2yloxycarbonyloxy)succinimide (lg, 0.2
ec~ was added and the 25 reaction was stirred at room temperature
overnight. The reaction was   



259 15 November 2002 worked up by cooling to approximately 0C 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 5 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 ammonia in methanol (~1 ml, 101 mmol, 5 eq) and
allowed to stir at ambient temperature overnight. The reaction was worked
up by 10 concentration under reduced pressure. followed b~~coevaporation
with hexanes ('? x 25 ml). The resultant material was dissolved in
methvlene chloride l50 ml) and washed with water (50 ml). The aqueous layer
was back extracted with methylene chloride (? x 50 ml). The organic
extracts were combined and washed with water (25 ml) and saturated sodium
15 chloride (2~ ml), dried over sodium sulfate. filtered and concentrated
to a solid. The solid was crystallized from eth~rl acetate to give 4.65 g
of the desired product as white crystals. e) 0 Il ~C^--0-C-N H2N~ N i.,.
C02CHz~ -~i(CH3)z Ii o- CH2 O ~ C(CH3)3 20 The product from part (d) (6.01
g, 18.3? mmol) was dissolved in 1 methyl-2-pyrrolidinone (anhydrous. 10 ml)
and warmed to 35 - 40C 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.~ g, 18.3? mmol)in 1-methyl-2 25 pyrrolidone (10 ml) was added and the
reaction mixture was allowed to stir for 8 hours at 35 - 40C. The reaction
mixture was cooled to ambient   260 15 November 2002 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 chloride (50 ml),
dried over sodium sulfate, filtered and concentrated to an oil. The ail was
dissolved m 50 ml. 1:1 (volume: volume) hexanelethyl 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. G ~C'.^'.=-C~-C-N ~ Hzlv~ N ~.,, ~ CG?Cii~~ II ~ CHo O O The
crude oil product from step (e) was dissolved m 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 (130 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 60C.
Hexane (25 mI) 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.   261 15 November 2002 g) 0 ~
O C1-C- V z- C-h1H- C ( CH3 ) 3 



A 2 liter dried flask equipped with a mechanical stirrer and argon inlet
was charged with 1-benzylpiperazme (40 ml, 230 mmol) and toluene 5 (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 slurr~~. The slurry was stirred over an hour to reach 25C. Heptane
(5 70 ml) was added to the slurry over 30 minutes. The flask was stoppered
and placed in a cold room (5C) for 4 hours.. The 10 product was collected
b~~ filtration. rinsed with heptane ( 1 ~ 200 m1) and air dried to give
61.0 g of the piperazme of the formula 0 ~CH~- ~ -C-NH-C (CH3? 3 as a w
hire solid. x5 ~ 500 ml flask equipped with a magnetic stir bar and a
sparging tube was charged with methanol (200 ml). The flask was cooled to
1C and with stirring acet~~l chloride (5.7 ml. 79.9 mmol) was added over 10
minutes. The solution was allowed to reach room temperature and the above
piperazine (20.0 g) i 2.6 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). Isopropyl alcohol (200 ml) was added slowly with manual
stirring. The mixture was concentrated to a solid/liquid mixture   262 15
November 2002 (153 g weight). The mixture was allowed to stand for 2 hours.
The product was collected by filtration, washed with isopropyl alcohol (1 x
30 ml) and air dried to yield 14.0 g of the hydrochloride salt of the
formula 0 HC1 ~ '-C-'Nf:-C(CH3)3 5 as a light yellow solid. :~ 100 mI,
three-necked flask with a magnetic stir bar and a spargmg tube was charged
with this hydrochloride salt (5.0 g, 22.6 mmol) and anhydrous methylene
chloride (50 ml). 1.8-Diazabicyclo(5.4.Ojundec-7 10 ene (6. i ml. 45.1
mmol) and pyridine t 1.3 n11. 22.6 mmol) were added to the mLYture. The
mixture became homogeneous The mixture was sparged with di-~- carbon
dioxide gas at room temperature for 1 hour. dry 500 ml flask with a
magnetic stir bar was charged with thion~rl chloride (4.9 ml, 67.7 mmol)
and anhydrous methylene chloride (25 15 ml). The solution was cooled to
-10C and dimethylformamide (0.17 ml, 2.26 mmoi) was added. The above carbon
dioxide sparged mixture was added via carznula under carbon dioxide
pressure over 35 minutes. The flask was rinsed with methylene chloride (~
ml) and the rinse was added to the reaction. The reaction was stirred at
.10C for 30 minutes. The 



20 reaction mixture was poured into 0.5 M HCl (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.   263 15 November 2002 h) 0 ~CH~-O-C-N o " H?N rO
zCH` C- O- CHI O ~ O II ~ O ~C/u N-C-N-C (CH3) ; O ~~ 0 The product from
step (f) (11.84 g, 20.7 mmol) was dissolved m anhydrous methylene chloride
(100 ml) under argon with stLrrmg. The 5 carbamoyl chloride product from
step (g) (7.47 b, 26.9 mmol, 1.3 eq.), triethylamme (4.6 ml. 33.1 mmol, 1.6
eq.)) and 4-dimethylaminopy-ridine (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 layer 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.D g of the desired product as a crude white
solid. i) NH H N ~ ~~'~~ COzH 2 ~N H C N~ / ~N- OC- N- C ( CH3 ) 3 C H n 0
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   264 15
November 2002 hydrogen pressure (balloon). Two additional charges of
palladium on carbon catalyst (1.7 g each) were added to the reaction, along
with a repeat of the spargmg procedure. The reaction was judged complete in
approximately 4 hours (HPLC analysis). The reaction was sparged with 5
argon for ~ minutes and filtered through a packed pad of Celite. The Celite
was washed with ethanol (2 x 12a 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 40C for 30 minutes. followed by cooking,
filtration and dr~-ing. Example 194 



15 The product of Examples 21. 32 and 193 was also 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-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 iodo 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
265 15 November 2002 of lithium diisopropylamide. The solution of lithium
diisopropylamide was cooled to -30 to -35C. While maintaining the
temperature at less than -20C) the contents of flask A were added to flask
C. The mixture was stirred at -20 to -25C for 30 to 60 minutes and cooled
to -35C to 5 -40C. The contents of flask B were then added portionwise over
25 to 45 minutes while maintaining the internal temperature of flask C at
less than about -20C. The resulting mixture was stirred for 2 to 3 hours
between -20C and -23C The reaction was quenched by the addition of 6L of
cold water while maintaining the internal batch temperature at 10 -20C to
+5C. after stirring for an additional 15 to 30 minutes to ensure removal of
the szl~~l protecting group. the pH a~ adjusted to 8.0 by the addition of
cold 6\' HC1(1.69 L). The reaction mLxture was transferred to a phase
sputter and the top organic layer was discar ded The aqueous layer was
washed twice with 4L portions of hexane. The aqueous phase was I5 cooled to
about 0C and treated with 6N HCl (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 thr ee times with 4L portions of ethyl
acetate. The combined or panic extracts were washed with brine (3 x 3L) and
concentrated to an oil. The oil was redissolved in 20 8L of fresh ethyl
acetate. tr ansferred to a 22-L flask. and cooled under nitrogen. While
maintaining the batch temperature at less than 8C, tertbutylamine 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
tent-butyl ether and stirred for 3 hours at room 25 temperature. The
mixture was filtered and the filter cake was washed with methyl tent-butyl
ether (1.5 L) and dried to a constant weight of 805.9 g of the desired
product.   266 15 November 2002 b) ~CHZ-O-C-N ~ /~/~~, CO2h'~2C (CH3 ) 3
~CH2-O-C- H H NH 0 Triffuroacetic 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) 5 in methylene chloride (40 ml) at between -~C to
+5C under nitrogen. The resulting light yellow clear solution was stirred
at 0C until less than I% of the mono tert-butoY~carbon~~l intermediate was
detected bbl HPLC (about 4 to 7 hours). The methylene chloride and
trifluoroacetic acid were removed in u~zcuo at room temperature. Toluene
i30 ml) was added to the 



10 residue and then removed in vawuo. The residue was treated with
isopropyl 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 0C. The pH was adjusted to 8.5 to
9.0 by the dropwise addition of triethylam~.ne between -5C to 5C (18 ml of
triethylamine was used in this procedure).
N,I~''-Bis(benzyloxycarbonyl)1-guanylpyrazole (8.07 g, 21.32 mmol) 0.95
equivalents) was added in one portion and the cooling bath was removed. The
mixture was stirred under 20 nitrogen at room temperature for approximately
30 hours until the ratio of productlpyrazole 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 (?0 ml) and water (70 ml), and cooled to 0C. The pH of the solution
was 25 adjusted to 3.0 with 2M potassium bisulfate and treated with sodium
267 15 November 2002 chloride until saturated. The organic layer was
separated and the aqueous layer was extracted with ethyl acetate (2 x 60
ml). The combined ethyl acetate layers were washed with saturated sodium
chloride solution (2 x 60 ml), dried over sodium sulfate and filtered. The
solvent was evaporated 5 to give a yellow oil (I4.4 g) which was
redissolved m ethyl acetate (40 ml). The resulting clear yellow solution
was warmed to 36 - 40C 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 4C, and stirred for an
additional 12 hours. The product was 10 filtered) washed with cold ethyl
acetate/hexane (~ x 5 ml) and cold hexane (2 x 5 mli. and dried LTL UQCfLO
LO give 8 g of the desired product. c) CHZ- O- C-N C-O-CHZ-( ( ) ) /~ q ~
~,,,. ~/. ~CH~-O-C- H N H NH O 15 :~ dr~) 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 22C water bath was applied to the
flask, and benzyl bromide (2.1 ml) 1.96 equivalents) was added rapidly (no
exotherm was 20 observed). tert-Butylamine (0.90 ml, 0.95 equivalents) was
added dropwise (the temperature rose to 27.5C during the addition, held
there for approximately 1 minute after the addition was complete, and then
began to fall). When the temperature dropped to 25C, the water bath was
removed and the reaction was stirred overnight (16 hours). 25 Completion of
the reactiot was confirmed by HPLC analysis. The reaction   268 15 November
2002 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, 2
x 15 ml) and then washed with saturated sodium chloride (1 x 15 ml). The
resulting solution was dried over magnes~.um sulfate) filtered and 5
concentrated an vacuo to give 5.85 g of the desired product as an orange
oil. d) CHI--O--~~ N 0 /~'~ r.- ~`~--. C L'1-~ ~CH~ Cr'0.--^._ H N /~  ~
'-r~r,'.'`r`' H c c chi > 3 0 A dry, argon atmopsphere 50 ml flask was
charged with the product 10 from part (c) (2.5 g), ethyl acetate (3~ ml))
triethylamine (0.98 ml, 1.6 equivalents), and 4-dimethyiaminopyridine (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 fihered 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 ira vacuo to
afford 3.46 g of the desired product as a tan foam. 



269 15 November 2002 e) ~x +  OH3N O 00 -~~t-'."`~'.H C ( CH3 ) ; O 12 L
three necked round bottom flask was charged with 10% palladium on carbon
catalyst (b0.34 g) 47.31 mmol), water (362 ml), 5 ethanol (6883 ml), and
the product from part (d) (345 g). The mixture was agitated and sparged
with nitrogen for approximatel~~ 20 to 30 minutes. then contmuousl<<
sparged wit: h~-drogen gas at 1~ to 25C until HPLC analysis confirmed
completion of the reaction. The reaction mixture was sparged with nitrogen
for approximately '?.U - 3U minutes, filtered. and the 10 filter was washed
2L ethanollwater (95I5). The ethanohwater was partially concentrated irz z;
acuo at room temperature to a solution of 8 to 10 ml per gr am of product.
Concentration gave a cloudy to white solution. The above solution was
allowed to crystallize overnight at room temperature with agitation l120 -
2U0 revolutions per minute). The 15 product was filtered and the filter
cake was washed three times with 300 ml of cold ethanol/water (9515, 0 to
5C). The filter cake was dried in vacuo for 10 to 20 minutes. The r esultmg
solid was dried to constant weight in a vacuum oven at room temperature to
give 155 g of the desired final product as a white solid. 20    270 15
November 2002 Example 195 HC1 COZH H2N N~ i~.. 0 C2H5 O N~ ~I~r-~ o---- ~
H-CH ( CH3 ) IIp CH ( CH3 ) 2 a) COZH ( H=C ) ~-C--o--C N' 



2 I NH 5 ~. 2.5 \~I hexane solut~.on of n-but~-1 lithium (~. i 5 ml. 14.39
mmol) was added dropw ise to a stirred solution of diisoprop~lamine (2.02
ml. 14.39 mmoi) in tetrahydrofuran (18m1) at 0C. After 30 minutes of
stirring the solution was cooled to -30C and a solution of (4S)-N-(t 10
butyldimethylsilvl)azetidinone carboxylic acid (1.50 g, 6.54 mmol) in
tetrahydrofuran (8.0 ml) was added dropwise. The reaction mixture was
stirred between -20C and -25C for 30 minutes. ~ solution of the iodo
product from Example 192 step (b) (3.02 ;. i .85 mmol) m tetrahydrofuran
(4.0 ml) was then added over 10 minutes. After 2 hours, the reaction 15
mixture was warmed to 0C and quenched by the addition of ice cold water (35
mI). The pH was adjusted to 12.5 using 10% potassium bisulfate. 4fter 30
minutes stirring, the solution was washed with hexanes, cooled to 0C, and
acidified to pH of 3.0 using 5N HCI. 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 desixed product.   271 15
November 2002 b) -0-CHZ O g~^ /,'.. -O (H3C);-Cue--0-C~N 1a NH 0 Sodium
bicarbonate (0.62 g, 7.40 mmol) was added to a stirred solution of the
product from step (a) (l.10 g, 2.96 mmol) in 5 dimethylformamide (10 ml).
Benzyl bromide (1.76 mI, 14.78 mmol) was then added. Afcer 48 hours the
reaction mixture was partitioned between eth~ 1 acetate and water. The
organic phase was isolated. washed with brine. dried over magnesium
sulfate. and concentrated. The crude Droduct was purined by silica gel
chromatography to give 1.26 g of the desired 10 product. c) 0 o II-o-cH~ O
1! ', (H3C ) _---~C II T.3~Pi-- C'---C`'- CTL C H ( CH3 ) 0 I CH ( CH 3 ) 2
O The benzyl ester product from step (b) (22 7 mg, 0.491 mmol) and
1diisopropy lmethoxycarbonylpiperazine-4-carbonylchloride (178 mg) 0.614 15
mmol) were dissolved in methylene chloride (2.0 ml). Triethylamine (103 ul,
0.?3? mmol) was added followed by dimethylaminopyridine (6.0 mg, 0.049
mmol). After 48 hours the reaction mixture was concentrated and the residue
was partitioned 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.   272 15 November 2002 d) C-O-CH2 HOOC-F3C  HZN 



C-0-- ~ H--CFi ( CH3 ) 0 CHiCH3)z 0 Trifluoroacetic acid was added dropwise
to a stirred solution of the product from part (c) (3D0 mg, 0.418 mmol) in
methylene chloride (1.8 ml) 5 at 0C. The reaction mxiture was then stirred
at room temperature. :after one hour, the reaction mixture was concentrated
and dried an uacuo. The crude product was dissolved m chloroform and
concentrated. The procedure was repeated 3 times. The crude product was
then dried in uacuo to give 297 mg of the desired product. 10 e) C-O-CHz
i~.. ~,/. HN N ~Iw-~-G-CH-CH t CH3 ) z CzHS O IHtCH3)2 O 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
~.1, 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.   273 15 November 2002 Q CHz-O-~-N C 0 ( U r--CHz-O--C-, H CZHa ~
~a-C-C-IH-CH(CH3)z 0 0 CH(CH3)z The product from part (e) (174 mg, 0.264
mmol) and N,Ndicarbobenzyloxy-S-methyisothiourea (9b ma. 0.264 mmol) were
dissolved 5 in dimethylformamide (l.o ml). Mercuric chloride (72.0 mg)
0.264 mmol) was added followed by triethylamme (110 u1. 0. 792 mmoll.
~rfter 3 hours. the reaction 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 4o mg of the desired
product. g) NHHC1 CO_~ii H 2N D1' V i~., s- r~.~ O-C. CH ( CH ) C2H5 G .
~H(CH3)a O (homochiral) The product from part (f) (4~ mg, 0.053 mmol) was
dissolved in 1,415 dioxane (0.5 ml). 1N HCl (53 ~tl, 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+~t 20 = 497.   274 15 November 2002 Example 196 NH  CF~COOH
COzH H2N N~ r~.,. 



n Q N` / ~I~-C~--O- ~ H--CH ( CH3 ) CH2 0O 0 CH(CH3)? (homochiral)
Following the procedure of Example 195 but employing 5 benzaldehyde m place
of acetaldeh~ de in step (e) the above compound was obtained and isolated
as the crifluoroacetic acid salt: fM+H)T = 559. Example 19? NHHC1 COzH HZN
H N ~N-C--- ( CH2 ) ; 0 0 10 (homochiral) a) I H3C )
3'-C`'-O.-.C--~?.~-,-C^ ( CH2 ) 5 To a solution of 6-phenylhexanoic acid
(4.0 g) 20.81 mmol) and 15 hydroxybenztriazole (3.50 g, 22.89 mmol) in
anhydrous methylene chloride (100 ml) was added
ethyl-3-(dimethylamino)propyl carbodiimide) hydrochloride salt (4.39 g,
22.89 mmol) at 0C. The mixture was stirred   275 15 November 2002 for 30
minutes. 1-tert-Butoxycarbonylpiperazme (3.88 g, 20.81 mmol) and
diisopropylethylamme (4.35 ml, 24.97 mmol) were added and the mixture
became a homogeneous solution. The solution was slowly warmed to room
temperature over 3 hours and stirred overnight. 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. ~I,~--..- r- ( CH 2 )
5 10 b) The crude product from part (a) was dissolved m methylene chloride
(160 ml). The solution was cooled to 0C and trifluoroacetic acid (40 ml)
was added dropwise. The ice-bath was removed. The mixture was stirred at
room temperature for one hour. The solvents were removed under I5 vacuum.
The residue was diluted with ethyl acetate (200 ml). The solution was
neutralized with saturated sodium bicarbonate (pH of 10). The aqueous Iayer
was extracted with ethyl acetate (2 :c 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. c) C
~-C---~N--C~-w i CH2 ) 5 A solution of phosgene (20% in toluene, 50 mmol)
2fi.3 ml) was 25 dissolved in methylene chloride (30 ml) and cooled to 0C.
A solution of the crude product from part (b) and triethylamine in
methylene chloride   276 



15 November 2002 (30 ml) was slowly added to the above solution over 20
minutes. The resulting solution was stirred at 0C 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, Rf = 5 0.15) to afford 5.00 g of the desired product as a
white solid; (M+H)T = 323.3; IR (KBr) 1731 cm-1. d) Q CHZ-O-v-N C-O-CH2
N~~' ~,~/~ C H~--O-C- H H ~i-~ ! CH z ~ ~~ G ~,~/ O To a solution of the
benzyl ester product from Example 1(c) (150 mg, to 15 0.26 mmol) in
methylene chloride (3 ml) was added triethylamine (0.043 ml, 0.31 mmol),
the product from part (c) (1d2 mg, 0.31 mmol), and 4dimethylaminopyridine
(1.6 mg, 0.0I5 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) Re = 0.22) to afford 210 mg of the desired
product as a colorless oil. (M + ~+ = 859.5; (M - I~- = 85?.5. e) NHHC1 H2
N' H C02H N-'-~ ( CH2 ) O O (homochiral) A mixture of the product from part
(d) (100 mg) 0.115 mmol), 20 palladium on carbon catalyst (10%, 30 mg), and
1N HCl (1I5 Etl) 0.I15   277 15 November 2002 mmol) was stirred under a
hydrogen atmosphere (balloon) at room temperature for 45 minutes.
flnalytical 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 (IiBr) I785 cm-1. Example 198 HC1 H NHS C02H N~ ~Iv- n-- ( CH z )
/O O 



(dias~ereomer mixture) a) 10 ( CH3 ) 3'~C-o-"'C 0 c-o-cH~~ ~./ ~N-~C-( CHZ
) 5 O 0 A solution of the product from Example I72(f) (80.5 mg, 0.20 mmol),
triethylamine (0.056 ml, 0.40 mmol)) the product of Example 19? (c) (97 mg)
0.30 mmol) and dimethylaminopyridine (6 mg, 0.05 mmol) in methylene
chloride (1 ml) was stirred at roam temperature under argon for 15 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 20
acetate in methylene chloride provided 122 mg of the desired product as an
oil.   b) 278 15 November 2002 -O-CHZ O HOOCF3C -C-( CHZ ) s O O O
Treatment of the product from part (a) (Z20 mg, 0.174 mmol) with 5
trifluoroacetic acid in methylene chloride according to the procedure
described in Example 172 step (h) afforded 174 mg of the crude desired
product. c) O C Fi ~ - 0 C-O-CHz--( U ) O N~:3~--'~~---( CHz ) O N 'IO
Treatment of the crude product from part (b) with N,N 10 15 



dicarbobenzyloxy-S-methylisothiourea 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. d) HC 1 HI~ ~2 C02H n q ~I~F--Cw--.
( CH 2 ) O ~/ 0 (diastereomer mixture?    15 November 2002 The product from
step (c) (76 mg, 0.085 mmol) was hydrogenated in dioxane (3 ml) and 1.0N
HCl (0.085 ml) 0.Q85 mmol) in the presence of 10% palladium on carbon
catalyst (24 mg) at 1 atmasphere of hydrogen for 1 hour. After filtration
using aqueous dioxane, the filtrate was 5 concentrated to remove dioxane.
filtered and lyophilized to give 42 mg of the desired proudct as a white
solid; (IR (I~r) 1784 cm-1, consisting of a mixture (62.38) of
diastereomers as determined by HPLC. Example 199 H CF 3 COOH HZN 10 a) 0
~N-(C ( CHZ ) 5~ (racemate) 0 ~CT.-i~ O-~~-N H3 /~ V a - ~_ CH3 O ~C..2 G-C
r H ~ ~/ H ~, ~I3-C iCHz)~ C I'O To a stirred solution of the protected
dimethyl azetidinone from 15 Example 135(f) (55 mg) 0.12 mmol) in
tetrahydrofuran (3 ml) at -78C was added sodium bis(trimethylsilyl)amide
(IN in hexanes, 0.13 mmol) and the solution was kept at this temperature
for 30 minutes. A solution of the product from Example I9?(c) (43 mg, 0.13
mmol) in tetrahydrofuran (1 ml) was added dropwise and the resulting
mixture was warmed to -20C. 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    280 15
November 2002 magnesium sulfate. Filtration, concentration and purification
by column chromatography (silica gel. 50% ethyl acetate m hexanes) afforded
79 mg of the desired product as a colorless oil. 5 b)  CF3COOH CH3 HZN N "
CH3 H h ~ (CHZ)5 G O (rarer"aLe) To a stirred solution of the product from
part ~a) ("r9 mg, U.11 mmol) in a mixture of ethanol (1.5 ml), water (0.5
ml and eth~~l acetate (1.5 ml) at 10 room temperature was added palladium
on carbon catalyst (10% wet, 15 mg). The resulting suspension was bubbled
with h~~drogen for 3 hours and the reaction mixture was then filtered.
Concentration and purification by preparative HPLC (Y14ZC ODS A 20 x 250
mm. 5u. 0 to 100% B over 35 minutes, hold time 15 minutes, A = 10ro
methanol m water and 0.1% 15 trifluoroacetic acid) B = 90% methanol in
water and 0.1% trifluoroacetic acid) afforded 42 mg of the desired product
as a white solid: (M + H)+ _ 485. In a similar manner, following the
procedures of Example 197 to 199, compounds of formulas I, II, and IV can
be prepared wherein Xi or Xz 20 is as listed below:   15 November 2002 90Z
9T - ! Z H~ ~-sii~I--, i -i~I~-.~ _ a ~--~ ~ II 0 soz a~ 0 ~0Z Q -SczH~~-~~
~_~_ 0 OT 



EOZ o ( ZH~>_~. _J_s~_J_ 0 ZoZ of IOZ S o ~ ( ZH~ ~ ~~~ _, _~~~_~_ b 0oZ
(ZHO>--,.iW--v O 0 ~'3 L8Z   282 15 November 2002 0 _II_ n q C ~N-C-i~(CHZ)
~ O 207 ~J CH3 O ~~ (Cii2); 208 O c C ~~ -r'(CH~)= O O 209 !"'O T;~ ( CIl _
i 210 CH; n n C--~I`1" C-~'- ( CHI ) ~ O 211 10   15 November 2002 283 What
is claimed is: 1. A compound of the formulas 5 R3 R-z H2N- C-A1 Rl ra o `
X1 



INH H H HEN---C-NH- ( CH2 ) ~ R,1 N\ or H H R13 H 2N---C-NH ~ GH 2 ) t O ~X
3 s 1~   284 15 November 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,
alkoxycarbonyl, As aryl, ( CHI ) ;~, O - c-N ~ o - C.-R~ , Rs , _ C.~
O~_P,~ , ( CH2 ) v1 1r ~.( CHZ ) W 0 ~(~2)~ .- C_ N ~ ! R8 ~(CH~ ) n ~3 , 0
- C- CHZ- O- R1 o -SO~,-R7 , .g -C-N9 A2-N9 O"R.~ O P Rg Q -OC-a1 1-SO -
C-N-Az- N- C~-OR4 ( kY 2 R~ 0 10 or C-aryl-SOZ-R~ ~ or Fm is alkyl
prflvided that R4 is aryl and Rs is hydrogen;   284a 15 November 2002 '!, I
,_ , ` _ 1. R,' n carbc;~~, a!l~o.cycartonyf, ,Az-ayi, ~~ ~ ~ ~~`` j~ , . ,
, !~:~=; ,,w 



o r`' i :~ ~-, -, ) ,, II _ II / '~ ~. 1 II ~ ~ ~ ~` H , a_ 5 ' --' _
_"C'-'.-`,-ycc~ ~~C~'~ . J~ i,rl~) y j r ~ w . gj 11~,~L-,~~R -~o__~ '
'-'l) 1n r _ F''F~ ~~ Fa  IlF~ C O-,~-r.-.~,-c.---c-4, ,- I~L II -=-`;,,11
, ---C-alky,_S' ~;~[ 1 10 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 h5drogen; (CH~)m O ~~CHz~~ o  ~ li _ ( -- ra , x, is
~~ -- `'-~ ` ` C c F 7 , ~~ ~; `H2 ) w 15   285 ( CHI ) o W li ~ ~l R - C-
N ~ I a ~(CH~~n T ~R2 z'3 15 November 2002 0 - C-aikyi -~OZ-R O O ll
-C-aryl-SOc-R~ -C-CHI-0-R~~ , 5 0 li -SO2'R'; , -C-r1H-SO2-R;, 0 R9 R9 0 O
R9 Rs 0 _ _ _ _ _ _ _ ~~ _ i _ I ~~ 



C N A- N C R., ' or ` N AZ T~- C-ORq ; -(CH2)p- '(CHz)r A~ ij ( CHI ) ~! ,
(CHZ ) q -N..ir. (CH2) r R2o ' ~\ ( CH2 ) V- , ~(~2)t N~~ (CH2)u- ; R4 and
R~ are independently selected from hydrogen, alkyl, 10 15 substituted
alkyl, cycloalkyl, substituted cycloalkyl, Az-cycloalkyl, Azsubstituted
cycloalkyl) aryl, substituted aryl, Aa-aryl, A~~-substituted aryl,
aryl-As-aryl, Az-aryl-As-aryl, heteroaryl, A2-heteroaryl, heterocycloalkyl,
A2heterocycloalkyl, aryl-As-cycloalkyl, Aa-aryl-As-cycloalkyl,
aryl-Aaheteroaryl, aryl-As-heterocycloalkyl, Az-aryl-As-heteroaryl,
A~-aryl-Asheterocy cloalkyl, cycloalkyl-As-aryl, A2-cycloalkyl-As-aryl,
cycloalkyl _Ascycloalkyl, Aa-cycloalkyl-As-cycloalkyl,
cycloalkyl-Aa-heteroaryl, Azcycloalkyl-As-heteroaryl,
cycloalkyl-Aa-heterocycloalky l and AZ-cycloalkylAs-heterocycloalkyl;   286
15 November 2002 Rs is hydrogen) alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, Az-cycloalkyl, Aa-substituted cycloalkyl, aryl,
substituted aryl, Az-aryl, Az-substituted ary l, aryl-A3-aryl,
Az-aryl-Aa-aryl. heteroar~Tl, A2heteroaryl. heterocycloalkyl,
Az-heterocycloalkyl) aryl-As-cycloalkyl, Azaryl-As-cycloalky 1,
aryl-As-heteroar~l. :~z-ar yl- As-heteroaryl. aryl-Aaheterocycloalkyl,
Az-aryl-Aa-heterocycloalkyl. carboxy, alkoxycarbonyl, Ra O N\
arylo~.-~carbonyl, - C-N~ 1 ~s  R5 alkox~carbonylamino.
aryloxycarbonyiamino. ar~lcarbonylammo. 10 -N(ali;~-1)(alkoxycarbonyi),
-N(alhyl>(ar~-lol~~carboy1). all: lczrbon~~lammo.
-N(alk~-1)(alkylcarbonyl)) or -N(alk3-i)tar~~icarbonyl); m is an integer
from 1 to o: is O. S. N-R.~) N-SOz-R;, o ::-C-::=-R~ 15 20 fi
Iv--CL--A3'G'---R~ Isr-C-G-A~-R7 P;r-~ A3-C--R7 . _ , n I i:-C_?~ i\-R4
N-C-t; :v-C-R-. U , ~../ , o ^ o , o ~ o N-C- VN-C-CH2-O-R~ , N-C- ~
-C-p-R7 , 0 hl ^ 101 I 



or N- C- NON- C- C -R~ , R7 is alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, Az cycloalkyl, Az-substituted cycloalkyl, aryl,
substituted aryl, A2-aryl, A2   28~ 15 November 2002 substituted aryl,
heteroaryl, Az-heteroaryl, heterocycloalkyl, Azheterocycloallryl,
aryl-Aa-aryl, Az-aryl-Aa-aryl. aryl :~-cycloalkyl, Az-arylAa-cycloalkyl,
aryl :Aa-heteroary 1, Az-aryl-Aa-heteroaryl, aryl-Aaheterocycloalkyl,
Az-aryl-As-heterocycloalkyl, aryl :~z-substituted aryl, Az 5
aryl-Aa-substitued aryl, aryl :~a-substituted cycloalk~~l, Az-aryl-Aa
substituted cycloalkyl, cycloalkyl- As-cycloalkyl,
Az-cycloalkyl-As-cycloalkyl. cycloalkyl-As-aryl. Az-cycloalkyl-As-aryl,
cycloalkyl-A z-heteroaryl, Azcycloalkyl :~s-heteroaryl,
cycloalkyl-As-heterocycloalkyl. Az-cycloalkyl-Aaheterocycloalkyl.
cycloalkyl :Aa-substituted cycloalk~~l. az-cycloalkyl-Aa 10 substituted
cycloalkyl. cycloalkyl- Aa-substituted aryl. Aa-cycloalkyl-Aa substituted
aryl, substituted c~cloalkyl :-~a-c~-cloalk~-1. A~a-substituted
cycloalkyl-Aa-cycloalkyl. substituted cycloalkyl-A~:-substituted
cycloalkyl. Az-substituted cycloalkyl-Aa-substituted cycloalk~~l.
substituted cycloalkylAa-aryl, Az-substituted cycloalkyl-Aa-ary 1)
substituted cycloalkyl :~la 15 heteroaryl. A~-substituted
cycloalkyl-A:~-heter oar~~l. substituted cycloalkyl Aa-heterocycloalky 1,
Az-substituted cycloalkyl :~a-heter ocycloalkyl, substituted
cycloalkyl-Aa-substituted aryl. A~~-s~zbstituted cycloalkyl-Aasubstituted
art1, heteroaryl-Aa-heteroaryl. Az-heteroaryl :~a-heteroaryl,
heteroaryl-Aa-cycioalky 1. Az-heteroaryl-A,i-c~~cloalk~-1, heteroaryl-As 20
substituted cycloalk~-1, Az-heteroaryl-Aa-substituted cycloalkyl, heteroary
1 A3-aryl, Az-heteroaryl-Aa-aryl, heteroaryl :~a-heterocycioalkyl,
Azheteroaryl-As-heterocycloalkyl, heteroaryl-Aa-substituted aryl,
Azheteroaryl-As-substituted aryl, heterocycloalkyl-Aa-heterocycloalkyl,
Azheterocycloalkyl-Aa-heterocycloalkyl, heterocycloalkyl-Aa-cycloalkyl, Az
25 heterocycloalkyl-Aa-cycloalkyl, heterocycloalkyl :~-subsututed
cycloalkyl, Az-heterocycloalkyl :As-substituted cycloalkyl,
heterocycloalkyl-Aa-aryl, Azheterocycloalkyl-Aa-aryl,
heterocycloalkyl-As-substituted aryl, Azheterocycloalkyl-Aa-substituted
aryl, heterocycloalkyl :Aa-heteroaryl, Azheterocycloaklyl-Aa-heteroaryi,
substituted aryl-Aa-substituted aryl, Az   288 15 November 2002 substituted
aryl-As-substituted aryl) substituted aryl-As-cycloalkyl, Azsubstituted
aryl-Aa-cycloalkyl, substituted aryl-Aa-substituted cycloalkyl)
Az-substituted aryl-A3-substituted cycloalkyl, substituted aryl-As-aryl)
Azsubstituted aryl-As-aryl, substituted aryl aAs-heteroaryl, Az-substituted
5 aryl-As-heteroaryl, substituted aryl-As-heterocycloalkyl, Az-substituted
aryl-A3-heterocycloaikyl, /R4 ~Ra A2 or Rs n and o are one or two provided
that the sum of n plus o is two or 10 three. v and w are one, two, or three
provided that the sum of v plus w is three) four, or five. Ra is hydrogen,
halo) amino) -NH(lower alkyl), -N(lower alkyl)z, vitro, alkyl) substituted
alkyl, alkoxy, hydroxy) aryl) substituted aryl, Az-aryl, Az15 substituted
aryl) aryl-As-aryl, Az-aryl-As-aryl, cycloalkyl, substituted cycloalkyl,
Az-cycloalkyl, ~Ax-substituted cycloalkyl, heteroaryl, Azheteroaryl,
heterocycloalkyl) Az-heterocycloalkyl, aryl-As-cycloalkyl,
Azaryi-As-cycloalkyl) aryl-Aa-heteroaryl) Aa-aryl-As-heteroaryl,
aryl-Asheterocycloalkyl, or Az-aryl-As-heterocycloalkyl. 20 Bi, Bz and Ba
are each CH, or two of Bi, Bz and Bs are CH and the other is N, or one of
Bi) B2 and Ba is CH and the other two are N. Rs is hydrogen or lower alkyl.
R.io is alkyl, substituted alkyl, alkyl-0-alkyl, alkyl-O-alkyl-O-alkyl)
cycloalkyl, substituted cycloalkyl, Az-cycloalkyl, Ax-substituted
cycloalkyl) 25 aryl) substituted aryl) As-aryl) Az-substituted aryl,
aryl-Aa-aryl) Aa-aryl-As aryl, heteroaryl) Az-heteroaryl, heterocycloalkyl,
Az-heterocycloalkyl, aryl 



289 15 November 2002 As-cycloalkyl) Az-aryl ,~s-cycloalkyl.
aryl:-heteroaryl, Az-aryl-Asheteroaryl, aryl-As-heterocycloalkyl or
Az-aryl-Aa-heterocyloalkyl. Rzo is alkyl, substituted alkyl) cycloalkyl,
substituted cycloalkyl, Azcycloalkyl, Az-substituted cycloalkyl. Az-aryl,
or Az-substituted aryl. 5 Rzi and Rzz are Independently selected from
hydrogen, alkyl) substituted alkyl, cycloalkyl, substituted cycloalkyl,
Az-cycloalkyl, Azsubstituted cycloalkyl. 3z-aryl. and A~~-substituted aryl:
p is an integer from 2 to 6; q is an integer from 1 to 6; 10 f is an
integer from 3 to 5. r is zero) one or two; s is one or two: t is one, two,
three or four; a is one) two or three; 15 Az is an alkylene or a
substituted alkylene bridge of 1 to IO carbons, an alkenyl or substituted
alkeny l 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: As is a bond, an alkylene or a substituted alkylene bridge of
I to 10 20 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)d"'p.~iCH2)e -(CH2)a ~`(CHZ)e --( CH2 ) d'~~~T"~ ( CH2 ) a ~ ( CH2 )
~N'-C"'_~. ( CH2 ) a R21 R21 R22 ( CH2 ) n C-N--- ( CH2 ) a - ( CH 2 )
cr'N" C~'~ ( CH 2 ) a ' ' 25 R21 R22 R21   -(CH2) d-C-'(CH2) e- pr -(CH2)
c~"~`j"C'w'0,.._ (CH2) e.821 15 November 2002 ( CH2 ) d O-C-N-- ( CH2 ) a '
- ( CH2 ) c~~-C-`-" ( CH2 ) e-. ' R2i R2i 5 10 15 d and a are independently
selected from zero and an integer from 1 to 6; ~(CH2)m XZ is _ ~_ IN _ J Rs
290 II ~(GH2)v~ -u- C-.,- N l , ~( CH2 ) w (CH2)o B1\ 



~i / ~1 R - C---- N ~ I a $2 ~(CH2 ) n B3 O -OC--CH2-0-Rlo -~C-NH-SO -R
"-O-alkyl-S02-R ' 2 7 7 -C-arYl--S02-R~ -C.-N A2 N-C--R~ , -C_N_A2-N- C-ORq
> > O O n ii - C-R~ provided that - C-R~ is other than aikylcarbonyl,
pha.~ylcarbonyl, substituted phenylcarbonyl, naphthylcarbonyl, substituted
naphthylcarbonyl, phenylaminocarbonyl, substituted phenylaminocarbonyl,
napththylaminocaxbonyl, or substituted   291 15 November 2002
naphthylaminocarbonyl, or -S02-R; provided that -S02R; is other than
alkylsulfonyl) phenylsulfonyl, substituted phenylsulfonyl, naphthylsulfonyl
or substituted naphthylsulfonyl; Zs is phenylaminocarbonyl, substituted
phenylammocarbonyl, 5 10 i5 naphthylammocarbonyl, substituted
naphthylaminocarbonyl. alkylcarbonyl, phenylcarbonyl, substituted
phenylcarbonyl, naphthylcarbonyl, substituted napthylcarbonyl,
alkylsulfonyl. phenylsulfonyl, substituted phenylsulfon~-1,
naphthylsulfonyl, or substituted naphthylsulfonyl; and O ~~Cii?),,~ R~ s is
~ IC- ((/ IN ~I CHz ) w ~CHz)o B~ Re - C- N ~Bz (CHZ)n B 3 O O II '
-~-CHz-~-RZG , ~C_'~~~WS~~-1"~i Rc ~9 i O R~ no O -C_arYi.-S02_R~
-C-N-=''-_ \-C-R9 , -C_N_i:~_N_ IC-ORq O O a n -C-~' provided that -C-R~ is
other than phenylaminocarbonyl, 



substituted phenylaminocarbonyl, naphthylaminocarbonyl, substituted
naphthylaminocarbonyl, carboxymethylaminocarbonyl, or
alkoxycarbonylmethylaminocarbonyl, -SOz-R. provided that -SOaR~ is other
than alkylsulfonyl, phenylsulfonyl, substituted phenylsulfonyl,   292 15
November 2002 0 ii naphthylsulfonyl or substituted naphthylsulfonyl, or
-~""'-o'-R~ O n provided that - O- O-R~ is other than alko~cycarbonyl, or
r-- (CH2)m ~O -~-~T-~~ provided that if m is 1, 2 or 3 than Rs is other
than Ro hydrogen, carbo:ry) alkoxycarbonyl or aryloxycarbonyl. 5 2. A
compound of Claim 1 (I~ H H2N- C-NH- ( CH2 ) q , Ri N~ 0 X 2 including an
inner salt or a pharmaceutically acceptable salt thereof 10 wherein: q is
3; 0 0 ~ o -C-N R6 --C.~NH --C_~Y Ri is carboxy, , , O II or -C
~-(substituted alkyl) O -"' C Xz is ~ ~ -".C-~. ( CH2 ) 2-N--C-ORS ~ or 15
C-~ ( CH2 ) 2-1~--C-R4 . O 0 Rs is aminocarbonyl, - C-~ ( alkyl ) ~ or -
C-N ( alkyl ) 2 ; q Y is N-R~, ~C A3-'R~ , N-C-A3-o---R~   293 q q ii 



N-C-a-A3-R~ , N-C-A,-C-.c ~ or N-e- VN-R4 15 November 2002 Ra in the
definition of ~ and 1z is alkyl, cycloalkyl, substituted alkyl, 5
substituted cycloalkyl. or heteroan 1; R~ is alkyl) cycloalkyl. substituted
alkyl. substituted cycloalkyl. ~ R9 ~R.; -Nw _CH~-y . aryl, -(CHz)i ~
a-aryl. -(CHI); ~o ~-ai-~~1:~~-aryl. R= . or ~Ra -N ~ R5 is ammo. _,~.i ~ a
1 kyl ) , ol. -N ( alkyl ) 2 ; Rs is lower alkyl: 10 As is a bond) an alley
lene bridge of Z to 6 carbons, - ( CHZ ) ~ N- ( CH2 ) E- R21 or -(CHZ)Q
p-(CHZ)e- ; d and a are independently selected from zero and an integer
from 1 to 6; and Rzi is hydrogen or lower alley 1. 15 3. A compound of
Claim 2 including an inner salt or a pharmaceutically acceptable salt
thereof selected from the group consisting of NIIH HZN~ H^/n, COZH O N~N~N'
~ H- C- ( CH3 ) 3 ~O O , 20   294 15 November 2002 NH HzN~N~~'. COzH H /"~
N 0 ~ ~./N~ 0 N N'IH H2N~N ~/~',. H 0 



O ~ O C~._ N' `_ N-H` - O' i H- CH ( CH3 ) O O CH ( CFz ) a NH 0 H~iV H ~
~'. r- ~i JF~ 0 O C ~ '~ C- O` i H- CH ( CH3 ) O CH(CH3)2 '' O iizN~
N''~/'~,, C-~N_ H ~ NHS _ H N 0 ~ ~ ~' N O N NH H2N~N~~'o, C02H H 10 0 ~
~N- C-'O-CH2-Cg (CHg ) z 10 0   295 NH HZN~ H~i,,) COzH O /~ II . ~ -c_ O C
O NH H2N~N ~ ~,,, COzH H ~ O O I3~C~ ~ -C-CH=-N[CH(CH3)2]z i O
H~_N~T:N~~''~ C02H ,N N O C V O O_O_T~_,`r-CH(CH3) z H CH ( CHI ) 15
November 2002 N ~lN ~r N H NH ~ i~,) C02H HzN~ H N\ ' N- ( CHz ) G ~O CH3
N44H i~ C02H 



H2Nn ~ . CH O N ~C-N0 O ,, ~ rT~ O- C ( CH3 ) 3 y CH-. CH3 CH3 CH3 ( CHz )
z-N- C ~3 CH3 10   296 15 November 2002 NI'H H2N~N~/i~,) COzH H 0 O ~ C~
~r3-- C- O- i H- CHz-CH ( CH3 ) O CHz- CH ( CH3 ) ~ NH HzN~N~/~~., COZH H
CHI /_'_'~ 101 yCH3 O ~ Ci N ~,s-- C II ~ CH3 O CH; IIvI'Fi HzN~N.~i,,.
COzH H O I ~ II O I~r.~ ~1,~_'C_CH~"G'-iH_CH(CH3i2 o ~H(CH3)2 NH o 0 'I II
HzN~N~/~. C-NH-CHz-C-NHz . H O N~~,/N ~T_r O.-CH~CH(CH3)2 a li 0 CH ( CH3 )
z ; and NH COZH H zN ~/~ ' N-Cw-. I CH2 ) O O 10   297 15 November 2002 4.
The compound of Claim 3 NIIH HzN~N~/i~,, C02H H 0 



~y'~ ~N- C- ( CH; l ; O ~,~/ H O salt or a pharmaceutically acceptable salt
thereof. 5 5. The compound of Claim 3 NH /i.,, CO~H HzN H H ( !--,~ N
----(\ O N 0 including an inner including an inner salt or a
pharmaceutically acceptable salt thereof. 6. The compound of Claim 3 10 0
I' I I _~ o_ H N~N ~~~'' C N~ C ?~1H~ 2 HH O ~C/ VN~--C-O-;H-CH(CH3)~ O O
CH ( CH3 ) z ; or a pharmaceutically acceptable salt thereof. 7. The
compound of Claim 3 H N~N~~~'' C U 2 H O N N- C- O- CH- CH ( CH3 ) z O C ~
I 0 CH(CH3)2 or 15 a pharmaceutically acceptable salt thereof.   298 8. The
compound of Claim 3 15 November 2002 0 H2N~N~/~~,) C-NON-C-NH2 H I ^ N O ~
C~ N or a pharmaceutically acceptable salt thereof. 



5 9. The compound of Claim 3 10 NH CO~H H2N NH~ ~~,. _ --N / N N- C~-- ( CH
2 ) , o y 0 or a pharmaceutically acceptable salt thereof. 10. ~ compound
of Claim 1 . NH 2) t HZN/ ,.~ Iv H H C CHZ ) a R1 I 0 ~X 1 including an
inner salt or pharmaceutically acceptable salt thereof wherein: 0 0 ~ o -
C- N` 1-R6 - C- IQ .NH - C-~Y Rl is carboxy, ~,,~/ , , 15 0 a or
-C-NH-(substituted alkyl).   299 15 November 2002 R Q -C-N Y I Xt is ~---~
'_C_N--( CHZ ) 2-N--C:-0R4 , or -C-N-- ( CH2 ) ~--N,_,C-R4 . t is two or
three; a is one; 5 O 0 II R6 is ammocarbonyl, "' C-~ ( alkyl ) , or - C-N (
alkyl ) 2 ; 0 Y is N-Ra, ~C`-A3-R~ , N-C-A;-0-R~ 10 15 



I II N--'C-O--A;--R~ . I~ C-A3-C---R~ or q N-C- ~I~~-RQ Ra in the
definition of Y and ~z is alkyl, cycloalkyl, substituted alkyl, R4 i --N ~
R5 is amino, -~ ( alkyl ) or -N ( alkyl ) 2 > > substituted cycloalkyl, or
heteroaryl; R~ is alkyl, cycloalkyl, substituted alkj-1, substituted
cycloalkyl, ~RQ RQ -N` -CHz-N~ aryl -(CHz)tcoa-arvl,
-(CHz)icoa-aryl-As-aryl, R5 , or R5 ; Rs is lower alkyl; A3 is a bond) an
alkylene bridge of 1 to 6 carbons, -(CH2) d II3-(CH2) ew Rzl or
-(CHZ)d-~"'(CHz)e- ; d and a are independently selected from zero and an
integer from 1 to 6; and   300 R,2~ is hydrogen or lower alkyl. 15 November
2002 11. The compound of Claim 10 including an inner salt or a
pharmaceutically acceptable salt thereof of the formula 5 y,,) C02H N O N\
~ O N'ri2 C ~N- C- O- i H- CH ( CH 3 ) z CH(CH3)2 O 12. The compund of
Claim 10 mcuding an inner salt or a pharmaceutically acceptable salt
thereof of the formula io C02H .. O ~N---~~CL-.--( CHZ ) o ~~~ ~J NHa 0 13.
:~ compound of the formulas 



INH R3 R2 H2N- C-A1 R1 N~ O X1   15 November 2002 301 H H H2i~ C -~)H- (
CH2 ) ~ R1' N\ O including an inner salt then eof, or a pharmaceutically
acceptable salt thereof, or a hydrolyzable ester thereof, or a solvate
thereof wherein: A1, R,, R,', R2, R3 and q are as defined in Claim I; 0
-c--r~r~--c- R25 Xl and X2 are ; and RZS is a spacer terminating in a
lipophilic group. 14. A compound of Claim 13 wherein P~2s is selected from
the group -(CH2) 5 ~ , ~~CH2) consisting of ~~(CHz) ~ , --(cH2) o ' CH3
302 -O- ( CHI, -o-~cH2) 3 O '."'i (~H2? 3 O CHg -(cH2T4 O , 15 November
2002 "N~(CH2) 3 O , ' - ( CHZ ) 3 -I~~F--- ( CHZ ) = O -NH-(CHZ) 2 CH3
O-(CHz)~ O O 5 and I5. A compund of Claim 14 wherein --(CH2)5 R.25 1S 10
16. A pharmaceutical composition useful for treating and/or preventing
medical conditions in a mammalian species related to tryptase, thrombin,
trypsm, Factor Via, 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   15 November 2002
303 acceptable salt thereof, a hydrolyzable ester ther~:of, ur a solvate
thereof and one ox rnoxe p~saxmace~xtically acceptable carriers. 13. A
pharmace~xtical composition usaful for treating chronic asthma comprising
an effective amount of a compound of Claim 3 including an inner salt or a
pharmaceutically acceptable salt thereof an :1 fine or more
pharmaceutically acceptable carriers, said composition being adapted for
inhalation administration to the bronchioles. 10 ~9) The composition of
Claim Q18 ~rherein the active agent is of the formula rrH H2~1~N^''>>r.'.
C02H O 1 err' o~rr - ~:- ( cH3 i 3 0 0 including an inner salt or a
pharmaceutically acceptable salt thereof. 2 fl. A compound of the foxmula
N-Pl II C02 Z HII - C-N - ( CH2 ) q P1 H O X 2 herein Xz and q are as
defined in Claim 1; Pi is an N-protecting group; and Z is benzyl or
benzhydryl.   304 15 November 2002 21. A process for preparing the
compounds of the formula NH II C02H H2N- C-N - ( CH2 ) q H I O ~X 2 



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- Pl II C02H HN- C- N- ( CH2 ) q I H I P1 NH 0
wherein Pi is an N-protecting group with an alcohol of the formula HO-Z 10
or with a bromide or iodide of the formula Br-Z or I-Z wherein Z is a
protecting group selected from benzyl or benzhydryl to give the compound of
the formula NrPI `I C02 Z HN- C-N - ( CH2 ) q I H pl NH 15 0 ; b) reacting
the product tom step (a) with an acid chloride selected r--(CH2)m O C1- C-N
I from C1 C-R~ ~ R6   305 ~(CH2)v~ 0 C1-C-N ~ c cH2 )J , 15 November Z002
~(CH2)o II Cl-CB2 (CH2)n H3 O O C1-C-CHZ-0-Rlo C1-C-NH-S02-R~ R9 cl
c-rr-A2-rr-c-R4 II I 9 R9 0 C 1- C- N-Az- N- C- OR4 , , 



5 0 O Cl-SOz-R~ ~ C1-C-alkyl-S02-R~ ~ or C1-C-aryl-S02-R~ ~ or reacting
with O~ SOZ-R~ to give the compound of the formula N_P1 C02Z HN- C-N - (
CH2 ) q P1 H I N O ~X 10 wherein R4, Rs, R7, Rs, Rs, Rlo, v, w, o, n, m,
Bi, Bz, Bs, and Az are as defined in Claim 1; c) treating the product from
step (b) to remove the Z protecting group and the P1 N-protecting groups to
give the desired compounds. 2 2 . The process of Claim 21 for preparing the
compound of the 15 formula N''H H2N~H~/i,,~. COZH O N.,, . ~N' L` N- C (
CH3 ) 3 O C H O or an inner salt or pharmaceutically acceptable salt
thereof w hich comprises:   306 15 November 2002 a) reacting the compound
of the formula O CHz- 0- C-N 0 ~N~/~i,) C02H CH2- 0_ C_ N H H 0 with benzyl
bromide in the presence of scdium bicarbonate and tetrabutylammonium iodide
to give the benzyl ester of the formula 0 II CHZ- 0- C-N O ~N~/G,,.
C02CH2_"~ CH2- 0_ C_ N H H 5 O b) reacting the benzyl ester product from
step (a) with the carbamoyl chloride of the formula o ~ o Cl-C-
~d-C-H-"'C(CH3)3 IO to give the azetidinone of the formula 



0 CH2- 0- C- N C02CH2---~ O-C-N- 'N O CHI- H H I /-'~ II V -C-NYi-C(CH3)3 O
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.   307
15 November 2002 J2 3 . A compound of the formula N P1 H2I~ C-- i .- ( CH2
) q C02 _' CH2 pi O x2. wherein: q and X~ are as defined in Claim 1; and 5
Pi is an N-protecting group. 2 4 _ The compound of Claim 2 3 wherein: q is
3; N ~ o X1 is - C- ~N- C- H- C ( CH3 ) 3 ; and ~O Pi is -C-p-CH2 V 10 2
5_~ A compound of the formula N P1 H2N- C- N_ ~ CH2 ) q C02- CHZ 0 wherein
q is an integer from 1 to 6; and 15 P1 is an N-protecting group. 2 6 The
compound of Claim 2 5 wherein: q is 3; and O Pi is -c-o-CH2   



308 15 November 2002 A process for preparing the compounds of the formula H
H H2N- C-NH (CH2 ) q COOH N O `X. or an inner salt or pharmaceutically
acceptable salt thereof wherein q and 5 X,; are as defined in Claim 1 which
comprises a) reacting the azetidinone of the formula C02H C1- (CH2) q N_P3
O wherein Ps is a silyl protecting group with benzylchloroformate in the
presence of triethylamine and dimethylaminopyridine to give the 10 compound
of the formula C02- CH2 C 1- ( CH2 ) q N_P3 0 b) treating the benzyl ester
product from step (a) with sodium iodide to give the compound of the
formula C02,- CH2 I- ( CH2 ) q N_P3 0 15 c) reacting the iodo product from
step ()~) with the diprotected guanidine of the formula N-Pl Pl-N-- C"" ~2
H   15 November 2002 to give the azetidinone compound of the formula N-Pl
C02-CHI H2N- C_ N- ( CH2 ) qq p2 I N_P3 O wherein Pi is an N-protecting
group; 5 d) reacting the aztetidinone product from step (c) with ammonium
fluoride to give the azetidinone of the formula N-N-(CH ) COz-CH2 V H2N-- C
( 2 q Pl O 



e) reacting the azetidinone product of (d) with an acid chloride 10 15 O
selected from C1-C-R~ ~(CH2?v~ O C1- C- N ( CH2 ) w , 309 ~(CH2)m O C1-
C---N R6 (CH2) o Bl Lt / ~'1 R C1-C- N /B ~iCHZ)n B3 O O ll Cl-C-CHZ-O-Rla
C1-C-NH-S02-R~ , I9 O C1-C-N-A2-N-C-R4 C1-C-alkyl S02-R~ , , O 4 is Rg O
C1-C-aryl-S02-R~ C1-C-N-A2-N-C-ORS , , ox C1"'so2-R~ , or reacting with
O~"-s02-R~ Wherein R~, Rs, m, v, w, Y, o) n, B>,, Bz, Bs, Rs, Rs, R>o, R.~
and Az are as defined in Claim 1 to give the compound of the formula   310
15 November 2002 II~p~' C02-CH2 H2D1- C~' i " ( CH2 ) q l 0 .Xz ._ ; and f)
treating the benzyl ester product from step (e) to remove the ben2yl and P1
protecting groups and give the desired products. 5 28. The process of Claim
27 for preparing the compound of the formula N''H H2N~H ~i,,~, C02H O O ~C.
~ _C-H~C(CH3)3 a 



0 10 or an inner salt or phramaceutically acceptable salt thereof which
comprises a) reacting the azetidinone of the formula C1~~''~. C02H ' CH3 O
~S i.-- C ( CH3 ) 3 CH3 15 with benzylchloroformate in the presence of
triethylamine and dimethylamin.opyridine to give the compound of the
formula cl~'''~. C02CH2r"O ~IH3 O ii-C(CH3)s CH3   311 15 November 2002 b)
treating the berayl ester product from step (a) with sodium iodide to giv a
the compound of the formula I^/r~,, r_02Ch~..-.~ ~~~ H3 O ~z-C(CH3)3 Ci:3
c) reacting the iodo product from step (b) with the diprotected 5 guanidine
of the formula 0 O N-,C-O-CHI CHZ- 0- Ic-N ~ NHa H to give the azetidinone
of the formula 0 ~CH~-O-C-N r,,,,) COZCH~~ II O ~/ H2N~N CF3 N~; i_.C tCH)
3 -O-CH --~ II Z a CH3 O 10 d) reacting the azeti~iinone product from step
(c) with ammonium fluoride to give the azetidinone of the formula O C02CH~
CH2-- D- C-N r~,,,, FiZN~ Td O-' NH - 0- CHI -~Q~ 



O e) treating the azetidinone product a step (d) with the earbamoyl
chloride   31_2 15 November 2002 o ~ o C1-C- ~N-C-H-'C(CH3)3 to give the
azetidinone of the formula O 11 CH2- 0-C-~ y..) C02CH2~ H2N N 0 N ~ ,N N-
C- N- C ( CH3 ) 3 -0-CH2--~ o ~-/ H O and 5 f) 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 Il Pl COzH HN- C` H-' ( CH2 ) q Pi NH 0 or an
amine salt thereof wherein P1 is an N-protecting graup and q is an integer
from 1 to 6 which comprises: a) reacting the diprotected amine of the
formula pl ~ NH 15 P1/ with the alkyldihalide of the formula Cl-(CHa)q-I ;
to give the chloro compound of the formula P1 /N-(CHZ)q C1. P1   313 15
November 2002 b) treating the chloro product tom step (a) with sodium
iodide in the optional presence of base to give the iodo compound of the
formula 



P1~ rN - ( CH2 ) q I Pl . c) reacting the iodo product from step (b) with
the siiyl protected 5 azetidinone of the formula C02H N_P3 0 wherein Ps is
a silyl protecting group to give after removal of the Ps protecting group
the azetidinone of the formula P1 ~ COzH /N-(CH2)q Pi I NH O 10 which may
optionally be isolated as an inner salt; and d) treating the azetidinone
product from step (c) to remove the P1 protecting groups and reacting the
resulting compound with the diprotected guanylating agent of the formula II
Pl P1- H. C-L 15 wherein L is a leaving group such as methylthio or
pyrazolyi to give the desired compound which may optionally be isolated as
an amine salt.   314 15 November 2002 3_0,. The process of Claim 29 for
preparing the azetidinone compound of the formula ~--CH2- C- CAN ~N~i,,~.
COZH CHI- O_ C- N H H Iv..H O or an amine salt thereof which comprises: 5
a) reacting the diprotected amine of the formula 0 II (H3C) 3"' C-O- C NH 2
with the alkydihalide of the formula Cl-(CH2)s~I to give the chloro
compound of the formula 0 II (HgC)3-C-O-C N-(CH2)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 II (H3C)
3-C-0-C N-(CH2) 3-I 2 15 c) reacting the iodo product from step (b) with
the silyl protected azetidinone of the formula C02H ~~H3 O ii C(CH3)3 CH3
_315_ 15 November 2002 to give after removal of the tert-butyldimethylsilyl
protecting group the azetidinone of the formula ~r,,, COZH (H3C) 3 C-- O- C
N 2 Iv-,d O which may optionally be isolated 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 _q CHZ- ~ ~-I ~
~N ~N ~CHZ-0 C. N 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 H N~N~~`'' COzH 2 /w'.,  O ~C. ~
_'C_H_....C(CH3)~ i~ 15 0 or an inner salt or pharmaceutically acceptable
salt thereof which comprises:  



31.6 15 November 2002 a) reacting the compound of the formula CHZ  O- C- N
C O O CH2- O- ~- N N ~ H3 D1 C ( CH3 ) 3 H H ri: i 0 with benzyl bromide in
the presence of tert-butylamine and N,N dimethylpropyleneurea to give the
benzyl ester of the formula 0 ~ II ~CH2-O. C-N /~ O N~/~'.- C02CH2~ ~H (U
}--CHZ-O-C-N ~.~/ H 5 o b) reacting the benzyl ester product from step (a)
with the carbamoyl chloride of the formula 0 ~ O C1-C-~N- C-N-' C (CH3) 3 H
10 to give the azetidinone of the formula o CH2 O- ICS- N COZCH2---~Q~ O H
0-IC-N_ 'N O ~ H H ~ II - C' H- C C CH3 ) 3 0 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.   15 November 2002 3 2. A compound of the
formula ( CH2 ) t C022 ~(CH2)u N~ O X, wherein X1, t, and a are as defined
in Claim 1; P1 is a N-protecting group; and 



5 Z is benzyl or benzhydryl. 33, A process for preparing compounds of the
formula C CH2 ) t H2N- C- N/ \ C02H -(CH2)u N~ O Xi including an inner salt
or pharmaceutically acceptable salt l,hereof which 10 comprises: a)
reacting the compound of the formula ( CH2 ) t COON ~(CH2)u NH O wherein Pz
is the N-protecting group t-butoxycarbonyl with an alcohol of the formula
15 HO-Z or with a bromide or iodide of the formula Br-Z or I-Z   318 15
November 2002 wherein Z is the protecting group benzyl to give the compound
of the formula (CH2)t p2'- N/ C02 Z ~(CH2)u NH O wherein t and a are as
defined in Claim 1; 5 10 b) reacting the product from step (a) with an acid
chloride selected 0 ~(CH2)m C1- ~C-N-`~ from Cl- C-R~ R6 ~(CH2)v~ O C1- C-
N ~ ( CH2 )J s 



(CH2)o $i i~ / 1 R C1-C B2 ( CHz ) n 3 O O C1-C-CHZ- O-Rlp Cl- C-NH-S02-R7
I ~ 9 Rg O Ii ~ 9 Rg O C1 C-N-AZ-N-C-R4 C1-C-N-A2-N-C-OR4 > > 0 O 11 11
C1-SOZ-R~ ~ C1-C-alkyl-S02-R~ ~ or C1-C-aryl-S02-R~ ~ or reacting with
0~-SOZ-R~ to give the compound of the formula z) t P2 N \ C02 Z ~(CH~)u I 0
~X1 wherein R4, Rs, R7, Ra, Rs, Rio, v, w, o, n, m, Bi, B2, Ba, and Aa are
as defined in Claim 1;   15 November 2002 319 c) treating the product from
step (b) to remove the P2 protecting group; d) reacting the product from
step (c) with the diprotected 5 guanylating agent of the form ula N_ P1 P1_
N- C-L H wherein L is a leaving group such as methylthio or pyraaolyl to
give the compound of the formula N_Pl (CH2 ) t Pl-N C-N H ~\ COzZ -(CHZ)u
N\ 0 X1 ; arid e) treating the product from step (d) to remove the Pi and Z
10 protecting groups and give the desired final product. 
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]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]c^a!S$n$$$
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a]ca]ca]ca!ZZZZZZZY]b]s]x]z]]]]]]]]]]]]]]^^`oaraaaa}xsnid_ZUkfa\W]ca]ca]ca]
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ca]caU]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]c^a]caU]ca]ca]ca]ca (j036f7|y{ [
Za~ytoje`[UV]ca]ca]ca]ca]ca]ca]ca]c0a]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]c^a]ca
U]ca]ca]c a]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca!aORmu \ l n
&.0CMPkmo~zupkf`[VV]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]c*a]ca]ca]c
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