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AM DI NO ANDw@ahér2iisNO AZETI DI NONE TRYPTASE | NHI Bl TORS Bac ke@eyngg% fihe .

I nvention Han in U S. Patents 5,037.819, 5.110,812, 5,175.283, 5, 8 677
and 10 ., 326, 863 di scl oses 3-guani di noal kyl - 2-azeti di nones of the fornula
N-W - H wherein: 15 U and Ware independently

sel ect ed from hydr ogen ANEHING AND GUAYIBING AZETIDINGNS TRIPTASE INBIBEIORS nt eger from 1
to 3; X is hydrogen, trialkylsilyl, arylsulfonyl, am no substituted

aryl sul fonyl, alkylsul fonyl, arylam nocarbonyl, al kyl carbonyl or 20

aryl carbonyl; Y is hydrogen, arylal kenyl, arylal kyL fornyl, carboxy,

al koxycar bonyl, acyloxy, arylthio, arylsulfinyl, arylsulfonyl, alkythio,

al Iyl sul finyl, alkylsulfonyl, arylam nocarbonyl,

Backeground Of The Invention

Han in U.S. Patents 5,037,819, 5,110,812, 5,175.283, 5,250,677 and

10 5,326,863 discloses 3-guanidinoalkyl-2-azetidinones of the formula

N-W

I H Hy
U— N~ C—N—CHz—(CHj ) s — CE- =
L
H
N
0 X
wherein:
15 U and W are independently selected from hydrogen and amino
protecting groups;

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

P 0

—C—NH—CH;—C—OR , or



R is hydrogen, alkyl, or arylalkyl; mis an integer froml to 3; and R is
hydrogen Qosddshfy 1 R' wherein R' is hydrogen, alkyl, or Spcfidbeiskyl - .Han
further discloses that the above conpounds wherein: U and Ware hydrogen X
is arylsulfonyl, am no substituted arylsul fonyl, alkylsulfonyl,

aryl am nocar bonyl, al kyl carbonyl, or ar carbonyl and 10 Yis

hydr ogen, arylalkyl, car boxy, alkqucar nyI acyloxy, aryl sul fonyl

al kyl thio, alkylsulfonyl, arylam err]_R i s hydrogen, alkyl or
arylalkyl; R is hydrogen or -CII 2:n *R" is hydrogen, alkyl,

or arylal kyl and pharnmaceutically acce bIe salts thereof are |nh|b|tors
agai nst serine proteases, particularly against thronbin and trypsin, and

can be used to cdRtis hiydtdgendatiodger atylalkyhr to treat pancreatitis.

m is an integer from 1 to 3; and
R’ is hydrogen or -COzR” wherein R is hydrogen, alkyl, or
5 arylalkyl
Han further discloses that the above compounds wherein:
U and W are hydrogen; |
X is arylsulfonyl, amino substituted arylsulfonyl, alkylsulfonyl,
arylaminocarbonyl, alkylcarbonyl, or arylcarbonyl; and
10 Y is hydrogen, arylalkyl, carboxy, alkoxycarbonyl, acyloxy,

arylsulfonyl, alkylthio, alkylsulfonyl, arylaminocarbonyl,
R ]

= C—NH—CH;— C—O0R , Or ——C—l\\/(CHz)m

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

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

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

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

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

two alkyl radicals.




Han defines "aryrl as a phenyl or naphthyl group which nmay be 20

unsubst i tutﬁg Js7aagbstituted with one or nore groups such ascpifsddassii t o,
or alkyl and defines "am no" as unsubstituted or substituted with one or

two al kyl radicals. -2 - Summary O The Invention This invention is

directed to the novel beta | actSummarpOfFheinyentiomas 1, 11, 111, 1V, and

V shown bel ow and tQ the use of such éo ounds .as inhibitors of various in
vivo enzynme syst ensl RAARVARGRR s diprcied to the noyelhota lagtapneompornds of xa,

Fact VI a, d ki ] tdvator. Thi ' ti [

i 0 di r ect ed PR H L 1B Y PEE VARRWRCRSIGY Sl (R wre isbich SPokAds °

t t , FactQr: . | - : ) ti t

iy b tors, CARIBRtORD Vet in 1A ety Bl tREALARELARIEE BT (O
hydrogen, gar Rpxymbah keypsial Pactét Xa Fadfor VIla, 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 VIla, and
urokinase-type plasminogen activator inhibitors.

Compounds of this invention include the formula:

10 (O
ﬁm R; Rz
HoN— c—Al————I-Rl
/——N
0/ \Xl
wherein:
Ri is hydrogen, carboxy, alkoxycarbonyl, Az-aryl,
(CH3)
o ﬁ) | o J" 2/m
f — C—N-| ' ?
15 —C—Ry , Rg -C-0-Ry
(CHz) o By
i N
(CH2) v l R
0 C 8
Ic': \ /'BZ '
\ccnz)wj ' (CHzln g
0 0 R
A ir L
— —c -..0 — (Ve ] - - N (e
C 2 10 SOsR1, 2 4



[err] -3- [err] or Rlerr] is alkyl provided that R2 is al kyl and R3 S

hydrogen. waoagsh k&l err] are both hydrogen, or R2 is alkyl
Rlerr] is hydrogen, or Rerr] is alkyl provided that R2 |s%ﬁ3é#sg§g%5 [err]

15 [err] are independently selected from hydrogen, alkyl
substituted al Bk, cml Eal kyl, suRstituted cycl oal kyIQ A2- cycl oal kyl , A2-

erj)?ISt ! t Zt °d & lyika lar y r.sbki“er‘ r]- gr y sci?e?% ~& er, ahe(i o4 'S-FbSZt'I‘;[":J:[ e
A2-het er oar ylr R1 {estgl fgr % Oge(i(%/hat ﬁ\zls alkyl and Rs is hydrogen.
R2 and Rs are both hydrogen, or Rz is alkyl provided that Rs is
hydrogen, or Rs is alkyl provided that R; is hydrogen.

(CHz)
o ﬁ [—_l 2 h) | (CHz)V\

Xy is _u_ —C—N-| | —C—
5 C—R7 , Rg K(CH;;)w

il
B, —C-alkyl~80;-R, ’

; :
— C-‘aryl—SOz—R7 — C—CH;-0—Rjp

o)
W
—8S02-R7 , —— C—NH—S0,—R~

0 Re ©
iF T TR Rf
—C=N-Ay= N=C—=R4 — C-N-A;- N—C—ORy

<
X

Rao ! (CHz)s™

_ - (CHy)
Ayis — (CH2)P— i

(CHZ) S_ ’

—N——(CHa2)¢—  —yp— (CH,),

(CHz) ¢
—N

X

’ "HN-CH -HN-(CHz)z’ or -HN-(CHz)a-

(CH2) u— 27
15 R4 and Rs are independently selected from hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, Az-cycloalkyl, As-

substituted cycloalkyl, aryl, substituted aryl, As-aryl, As-substituted aryl,

“4.



het erocycl oal kyl, aryl-Alerr]-cycloal kyl, A2-aryl-Alerr]-cycloal kyl,

aryl - Al err] woebes@aryl , aryl-Alerr]-heterocycl oal kyl, CT/US99/13
A2-aryl-Alerr]-heteroaryl, Alerr]-aryl.Aerr]- heterocycl oalPk {Us¥/iasn _
cycl oal kyl -Alerr]-aryl, Alerr]-cycloal kyl-Alerr]-aryl, cycl oaI kyI Alerr]- 5

cycl oal kyl , AarplyAi-asyl, JAyJarﬁBA@hﬁj'lohbt@tbaxX@yz@ -Ré¥lelkddryly [Eéﬁe}oé%ld%!lﬁﬁr Bb. A2-

cycl oal kyl - Al err] - het eroaryl cl oal k [err]-het erocycl oaI kyI

A2- cycl oal kyl henqmcyqloai&yb mbAb-omlkg{]ﬂ:yl Riseamy]-Asecyblpdilogeary
substituted ahpk cycl 0 lf : substjtuted cycl oal kyI Al err] cycI oal kyl ,
A2-substitute g%’@ sterocygloatkyl peardrid-h emoary/l.zAmanyAa-

het eroaryl eireiq%e%vﬂ%vﬁ Béé«yﬁé%mﬁzw?%ﬁ%ﬁfﬁ Argioiigiagtihiing || 2
oL L) bAoA oML bRk Bl avheseroqm Ar

[err]- het er ocw&aﬂk@m@ Hé%éx%l-yl cféwmymr heocydl é%a Ag-cycloalkyl-

al koxycar bonyl"am no; aryl oxycar bonyl am no, aryl cargén
- N(al kyl') (al kgsyeterepslbalkyl.N( al kyl ) (aryl oxycar bonyl ), al kyl carbonyl am no,

-N(al kyl') (al kyl carbonyl), or -N(al kyl)(arylcarbonyl). mis an integer from
i to 5. Res1is hydrogen alkyl, substituted alkyl, cycloalkyl, substituted
cycloallcyl, As-cycloalkyl, Az-substituted cycloalkyl, aryl, substituted aryl,
10  Az-aryl, Az-substituted aryl, aryl-As-aryl, As-aryl-As-aryl, heteroaryl, As-
heteroaryl, heterocycloalkyl, As-heterocycloalkyl, aryl-As-cycloalkyl, As-
aryl-As-cycloalkyl, aryl-As-heteroaryl, Az-aryl-As-heteroaryl, aryl-As-

heterocycloalkyl, Az-aryl-As-heterocycloalkyl, carboxy, alkoxycarbony),

R4

Ve
bonyl, —C-x ol
aryloxycarbonyl, \ , Rs

Rs
15 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.

Yis O, S, N-Ry, N-SOz-Rq, ¥ C23s—R7 ,

i {
20 N-C—A3—O0-Ry; N-C—O—Az-R; ’

0 0 0
N ‘c': N—R, H-o N—t ? l(|)
\—/ ' \/ 7 N-C—B3—C—Ryg



5 R7 is al kyl, substituted al kyl, cycloal kyl, substituted

cycl oal kyl o (?ng‘f&glyscl oal kyl , A2-substituted cycloal kyl, aryl pcpaRedisgiit ed
aryl, A2-ar substituted aryl, heteroaryl, A2- heteroaryl ,

het er ocycl oaI kyl, A2- heterocycloal kyl, aryl-A3-aryl, A2-arvl-A3-aryi,
arvl-Alerr]-cycl oaI kyl, A2-aryl- Alerr]-cycloal kyl, aryI -Alerr]- heteroaryl ,
A2-arvl-Alerr]-heteroaryl, aryl-Alerr]- 10 het er ocycl oal kyl ,

A2-aryl -Alerr]-heterocycl oal kyl, aryl-A3-substituted aryl, A2-

aryl - As-substitQed aryl,paryl - A[ err]- substotut ed cyxl oal kyI

A2-aryl -Aler ?.' yp_l al ky al kyl J' A err] cycl oal kyl
A2- cycl oal kyIIé AFe@{/ 0%"}% IR ¢l o'aqu @ "cI oal kyl - A3- aryl ,
cycl oal kyl - Al err]-heteroaryl, A2- cycl oal kyl - A err] heteroaryl

cycl oal kyl -Al err] - heterocycl oal kyl, A2-cycloal kyl-Alerr]- 15

het er ocycl oal kyl, cycl oal kyl - Al err] substituted cycl oal kyl

A2-cycl oal kyl - Al ePr] -_subs@i t gt ed cycl oal kyl, cycl oal kyl - A[err] substi tute[
aryl, A2-cycl a}\]k | 4A3- Est tuted aryl, substit ut ed

cycl oaI kyl - Al err] %A_Qe Ky A2-8ubstituted cycloal kyl - Al err]-cycl oal kyl ,
substituted cycl oal kyl - A[err] subst Ituted cycl oal kyl, A2-substituted

cycl oal kyb- As- subR4 isuilleyl, sybsvikaltky Ialkﬁu&mﬂddlkybdubmtmﬂkyb}oawl, Ae-

Alerr]-aryl, A2-substituted cycloal kyl-Alerr]-aryl, substituted

cycl oal kyl - A3:ycloa1kyl Az-substituted cycloalkyl, aryl, substituted aryl, Az-aryl, As-
substituted aryl, heteroaryl, As-heteroaryl, heterocycloalkyl, Ag-
heterocycloalkyl, aryl-As-aryl, As-aryl-As-aryl, arvi-As-cycloalkyl, Az-aryl-
As-cycloalkyl, aryl-As-heteroaryl, Az-arvl-As-heteroaryl, aryl-As-

10 heterocycloalkyl, Az-aryl-As-heterocycloalkyl, aryl-As-substituted aryl, As-
aryl-As-substitued aryl, aryl-As-substituted cycloalkyl, Az-aryl-Ag-
substituted cycloalkyl, cycloalkyl- As-cycloalkyl, Az-cycloalkyl-As-cycloalkyl,
cycloalkyl-As-aryl, Ag-cycloalkyl-As-aryl, cycloalkyl-As-heteroaryl, As-
cycloalkyl-As-heteroaryl, cycloalkyl-As-heterocycloalkyl, As-cycloalkyl-As-

15  heterocycloalkyl, cycloalkyl-As-substituted cycloalkyl, Ag-cycloalkyl-As-

" substituted cycloalkyl, cycloalkyl-As-substituted aryl, As-cycloalkyl-As-
substituted aryl, substituted cycloalkyl-As-cycloalkyl, As-substituted
cycloalkyl-As-cycloalkyl, substituted cycloalkyl-As-substituted cycloalkyl,
As-substituted cycloalkyl-As-substituted cycloalkyl, substituted cycioalkyl-

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

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

-6-




het eroaryl, A2-substituted cycloal kyl-Alerr]-heteroaryl, substituted
cycl oal kyl - ‘P{)% Jnbet erocycl oal kyl , A2-substit uted PCT/US99/13811 -
cycl oal kyl - Al er r’%-zhet erocycl oal kyl, substituted -
cycloal kyl -Al err]-substituted aryl, A2-substituted cycloal kyl'-Alerr] -
substituted aryl, heteroaryl-Alerr]-heteroaryl,

A2- het er oaryl -NgL TN s doaﬁ{y Y,

A2- het eroaryl - %ﬁor -Ic%ﬁé%qé%c}oaﬁlékggﬁéﬁ[‘%rsr - t%ﬁgéstl ﬁtAeza cycl oal kyl ,
A2- het er oar y| -Hk&¥oakylSAPSubdtituest Gia) Wbiﬁébcloﬁﬁiy@%%&tétémc#l@ﬂkh,%' :
A2-heteroaryl-Alerr]-aryl, heteroaryl-Alerr]-heterocycloal kyl, A2- -6 -

het er oar yl - Al dretérooptioalinyl-dldatdrptycléadkyl; heteybeyt]oatkyjl-Autyslaalkpledear yi |
Alerr]- heterqaryl-A3-substituted aryl, .
het er ocycl oal Kigtensgyelaalky, elapikyl, hetgrocycloalkyl-As-substituted cycloalkyl,

bésey
het | gal kyl : Al - het | pal kvl .
ot or ocyel Sal i beteEidrHiopRkyt r sttt ayeloatieyd, etammergioalbAvarsh A%al k1
het | oal p td :
Po- het o ocy el APeTABAISHAN ey Eerb UG A sistituted ary), As
het er ocycl oal Rydterdc@élbaad-Ws,subkgtuthd abell heaeyiclmlkyll AAheterdardt,y Ae-

heterocycl oal kyl - Al err]-substituted aryl, A2-
het er ocycl oal kdterisyslobklyliAsthaternayyl, shisstitnbed aiydedksubstituted atydt Ar-oar yl |
Alerr]-

substituted aryl-As-substituted aryl, substituted aryl-As-cycloalkyl, As-
10 substituted aryl-As-cycloalkyl, substituted aryl-As-substituted cycloalkyl,
Az-substituted aryl-As-substituted cycloalkyl, substituted aryl-As-aryl, Az-
substituted aryl-As-aryl, substituted aryl-As-heteroaryl, As-substituted
aryl-As-heteroaryl, substituted aryl-As-heterocycloalkyl, Az-substituted
aryl-As-heterocycloalkyl,
15

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 wis
20 three, four, or five.
Rs is hydrogen, halo, amino, -NH(lower alkyl), -N@ower alkyl)s, nitro,
alkyl, substituted alkyl, alkoxy, hydroxy, aryl, substituted aryl, As-aryl, A»-
substituted aryl, aryl-As-aryl, As-aryl-As-aryl, cycloalkyl, substituted
cycloalkyl, As-cycloalkyl, As-substituted cycloalkyl, heteroaryl, As-
25 heteroaryl, heterocycloalkyl, As-heterocycloalkyl, aryl-As-cycloalkyl, As-
aryl-As-cycloalkyl, aryl-As-heteroaryl, As-aryl-As-heteroaryl, aryl-As-
heterocycloalkyl, or Az-aryl-As-heterocycloalkyl.

-7-



het er ocycl oakl yl - Al err]-heteroaryl, substituted aryl-Alerr]-substituted

aryl, ed aryl-Alerr]- substltut ed aryl, substit /13811 -
aryl - A[err]wég?/%:ﬁgg% kyl, A2- 10 substituted aryl - A[err] cyﬁgﬁgﬂ

substituted aryl-Al err] substituted cycloal kyl, Alerr]-substituted ~
aryl-Alerr]-substituted cycl oal kyl, substitut ed aryl-Alerr]-aryl, A2-

RPN e G
aryl-Alerr] C rocycl oal kyl,
15y[err] n aﬁgﬁgﬂé}’% %@%&%%ﬁzg@ﬁgi&?ﬁhﬁ ?%&éélr'n apg%fus ois tw or
three. v and w ar é{g(lséxydi'mn(ﬁﬂowhfaﬁgymrow ded that the sumof v plus wis
20 three, four, or fiyve. i s hydrogen, hal o, am no, -NH(Iower

al kyl), -N(I ower :Bmyqx pbleylrgu tattuwd@kyl sl Otalkpl a0 a]kd'll@aq]kyhydr oXY,

aryl, substituted.ary tuted aryl

Zrz yl - AI[ erI ]k i’E’V gloally], %Hliﬂt tng%mﬁlﬁ%%@wﬁﬁﬁhqéuéfsz%ﬁ%e@mlemyl .
ot ool < ey bisShEhp MR Ao TYAL ARt Hhed BT AL 2l AZRry1 A

aryl-Aerr]- ‘?a!'?l dRkédarylAhsheteroaryl, heterocycloalkyl, Az-heterocycloalkyl, aryl-
As-cycloalkyl, As-aryl-As-cycloalkyl, aryl-As-heteroaryl, Ag-aryl-As-

heteroaryl, aryl-As-heterocycloalkyl or As-aryl-As-heterocyloalkyl.
10 Rao is alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, Ag-
cycloalkyl, As-substituted cycloalkyl, Az-aryl, or As-substituted aryl.

R21 and Ry2 are independently selected from hydrogen, alkyl,
substituted alkyl, cycloalkyl. substituted cycloalkyl, As-cycloalkyl, As-
substituted cycloalkyl, As-aryl, and Az-su‘_bstituted aryl.

15 p is an integer from 2 to 6.

q is an integer from 1 to 6.

r 1S zZero, one or two.

S 1s one or two.

t is one, two, three or four.

20 u is one, two or three.

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

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

10 carbons having one or more triple bonds,

—(CH2)} g—0—(CH2)e—  —(CH3) &—S—(CH3) e

+ ’

-8-




aryl-Alerr]-cycloal kyl, aryl-Alerr] -heteroaryl ,

Alerr]-aryl - Ajevsgrhet eroaryl, aryl-Alerr - heterocycl oal kyI 99/13811 -
A2-aryl -Alerr]-heterocycl oal kyl. -7 - [err] and Blerr] are ea c% 8—?

two of [err] are CH and the other is N, or one of [err] is CH and the other
two are N. Rlerr] is hydrogen or lower alkyl. Rerr]o is alkyl, substituted
al kyl, al kyl -0-al kyl, al kyl -0-al kyl -0-al kyl, 5 cycl oal kyl, substituted
cycl oal kyl, A2-cycl oal kyl, Alerr]-substitut ed cy| | oal kyl, aryl, substituted
aryl, A2- aryl ‘ﬂngmber-u(@ﬂz)ar-yl &wbﬁg[g—m]—@%—(@;qrgd. A[err] aryl,
heteroaryl A[err] hetef; aryl, heterocycloalk I heterocycl'oal kyl, aryl -
As-cycl oal kyI, A2-aryl - As cycl oal kyl, aryl - A[elz?'] teroaryl ,

A2-aryl-Alerr][- heteroaryl, aryl- A[err] heteroc cl oal kyl or

A2- aryl - A3- het erocyl oal kylg 10 Rlerr] igfal kyl, substituted al kyl,
cycl oal kyl, substituted cy{%l oal kyl , A2- (Tg_m ups_u tuted

cycl oal kyl , M—aﬂQHz)wM«s—t}bs{acml)gd-arg 2'Berr] lare | ﬁd‘épendent |y

sel ected from hydr ogen, lli"i‘l ky'llazz

4

Ra;

(CHz ) g~ O—C—N—(CHz) e—
’ —(cnz)d-—ll\l—c-— (CHy) e—

Ra1 R21

l

Raj

d and e are independently selected from zero and an integer from 1
to 6.



substituted al kyl, cycloal kyl. substituted cycl oal kyl, A2-cycl oal kyl, A2-
substi t ut eq?,ﬁ)ég/k.%% kyl. A2-aryl, and A2-substituted. aryl. JP'_ET/US99/13811 pis
an integer from2 to 6. g is an integer froml to 6. r is zero, one or two.
S is one or two. is one, two, three or four. 20 uis one, tw or
three. Alerr] is an alkylene or a substituted al kyl ene bridge of 1 to 10
carbons, an al ken i.t.uted al keny ridge of .2 to 10 carbons having
one or nore doubl mﬁBﬂﬂggsB ﬂHﬁ”@WﬁVﬁ?%“@l‘QU@@g?FBP@H al kynyl bridge of 2
to 10 carbongphaV|ng one or nore triple bonds. 25 Alerr] is a bond,
an al kyl ene a substituted al kyl ene bridge of 1 to 10 carbons, an aIkenyI
or substituted al kenyl bridge ofNH to 10 carb@nszq§V|ng one or nore double

bonds, an al kynyl or substit d al kyny to 10 carbons having
one or nore triple bonds, 8Ht1\'e— 151\( (]CHb 1@

wherein:
5 R11 is alkyl.
R, X; and g are as defined above.

Compounds of this invention include the formula:

()
M Ri2 H
HoN—C——NH— (CH,) 7 Ry
O/_N\xl
10 wherein:
Ri2 is alkyl.
Ri, X1, and q are as defined above.
Compounds of this invention include the formula:
av)
ﬁm H H
HoN—C=—NE-—(CH;) Ry
L5 & N\X2

wherein:

Ri1 and q are as defined above.

I? I——j(CHz)m h) [(Cﬂg)v\

Xeis __ ¢ N , —C—N ,
R5 \_(CHZ)W
20

-10-



Compounds of this invention include the formula: napht hyl car bonyl ,

phenyl am noc\ﬁégggﬁ substituted phenyl am nocar bonyl , PCT/US99/13811 -
napt ht hyl am onyl, or substituted naphthyl am nocarbonyl, or -S02:R7

provi ded t hat SOZR[err] i s .ot her than al kyl sul fonyl, phenyl sul fonyl,
substituted phenyl sul fonyl, naphthylsulfonyl 10 or substituted
napht hyl sul f onyl . [err@ n [err] are as defined above. Conpounds of

this invention |oclud

—C—N
2 1
(CHz)n /

0 0 0] "

i il ]
—C—CHm0~Riwo |, — C—NH—80;,~Ry, — Calkyl=S0,~R;

0 O Re O

] if § B R
—C—aryl—S0,—-R; —C"N-2=¥—C~R4{ = —=(C=N-2,~N-C—ORy

0 0

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

10  or substituted naphthylsulfonyl.
R4, Rs, Y, Rc, m, 1, o, B], Bz, Bs, Ra, Rg and Ryo are as defined above.

Compounds of this invention include the formula:

NH H H
] R13
HoN—C—NH—(CH;,) 7]
IS

X3

15 wherein:

f is an integer from 3 to 5.

-11-



- CR7 provided that GCR7 is other than phenyl am nocarbonyl, 5

substi t ut e#@g?%kam nocar bonyl , napht hyl ami nocar bonyl, subsddiétosse11 -

napht hyl a onyl, carboxynet hyl am nocarbonyl, or

al koxycar bonyl net hyl anmi nocar bonyl, -SO2-R7 provided that -S2R7 is ot her

t han al kyl sul fonyl, phenyl sul fonyl, substituted phenyl sul fonyl,

napht hyl sul f onyl or (%Pb ti tungd napht hyl sul i onyl, or hydrogen, carboxy,

al koxycar bonylQor y b . X3 is phenyl am nocar bonyl, substituted

phenyl am nocarﬂ)onyy, napRtihyl am ocar bonyl, substituted

napht hyl ani not@rbdRyl , allkyl car anyl .8 phenyl car bonyl, substituted

phenyl carbonyl, 15 \nap | carB@ayl , substituted naphthyl carbonyl,

al kyl sul fonyl, phenylt€&honyl,#substituted phenyl sul fonyl,

napht hyl sul fonyl, or substituted naphthylsulfonyl. [err] Y, m n, o, [err],

v, w, and R8 a;ﬁf as defined abowe. This invention is also directed to the

use of the betail a 0 corrpou\%nd of fornmula VI shown bel ow as inhibitors
Tae- by

of trypt ase,_fa%t ctor W1 ,W&ﬁchar‘(ﬂ?i,nase pl am nogen acti vator.
0 0o Re O
] IR PR Rf
—C-aryl—80;-R; — C~N=22"N—=C=R4 = ——C-N-A,~N-C—OR4
0 o)

] T
—C=R7 provided that ~C~R®7 jg other than phenylaminocarbonyl,

5 substituted phenylaminocarbonyl, naphthylaminocarbonyl, substituted
naphthvlaminocarbonyl, carboxymethylaminocarbonyl, or
alkoxycarbonylmethylaminocarbonyl, -SO2-R7 provided that -SOng is
other than alkylsulfonyl, phenylsulfonyl, substituted phenylsulfonyl,
naphthylsulfonyl or substituted naphthylsulfonyl, or

—C—N-| provided that if m is 1, 2 or 3 than Rg is other than
10 Re

hydrogen, carboxy, alkoxycarbonyl or aryloxycarbonyl.

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

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

R4, R5, Y, m, n, o, By, Bg, 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.

-12-



- 12 - R[[err] I s hydrogen, carboxy, al koxycarbonyl, alkylcarbonyl, 5
phenvlcarbo Hﬁﬁtltuted phenyl car bonyl , naphthylcarbonylpcﬁmsghsnuted
naphthylcarbony? kyl sul fonyl , phenylsulfonyl substituted -
phenyl sul f onyl, napht hyl sul fonyl, substituted naphthylsulfonyl,
phenylaninocarbonyl, substituted phenyl am nocar bhonyl,
naphthylanino&ggponyl substi t ut ed naphthylan1nocarbony| A2-aryl, 10 or
[err] rein mis 1, 2 or 3 and Rerr] is hydrogen, car boxy,

al koxycar bonyl , or aryloxvcarbonﬂﬁ. X[ err] andgf are_as defined above.
Detai |l ed Description O The gnve ion 15 Qé termi ?%WI" refers to

strai ght or branched chain r aNCAs aV|ﬁg F Lo tlen carbon atons The term
"l ower alkyl" refers to straight or branched rjpdigals having up to four
carbon atons and is a preferred & X

wherein:
- R4 1s hydrogen, carboxy, alkoxycarbonyl, alkylcarbonyl,

6 phenylcarbonyl, substituted phenylcarbonyl, naphthylcarbonyl,
substituted naphthylcarbonyl, alkylsulfonyl, phenylsulfonyl, substituted
phenylsulfonyl, naphthylsulfonyl, substituted naphthylsulfonyl,
phenylaminocarbonyl, substituted phenylaminocarbonyl,

naphthylaminocarbonyl, substituted naphthylaminocarbonyl, As-aryl,

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

X3 and f are as defined above.

Detailed Description Of The Invention

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

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

carboxy, alkoxycarbonyl, aminocarbonyl, or alkoxycarbonylamino.
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subgrouping for the termal kyl. 20 The term "substituted al kyl ™
refers to I ght or branched chain radicals of 1 to )
WG Baehid ¢ PerfiRopAR

wherein one of 'nore, preferably one, two or three, hydrogens | en
replaced by a hydroxy, amino, cyano, halo, trifluoronmethyl, nitro,
-NH(l ower al kyl'), -N(lower alkyl)s, alkoxy, alkylthio, carboxy,

al koxycar bonyl , am a [ al koxyecar.bonyl am no. he term "al koxy"
refers to such al %P%gﬁéu%g%a aéﬁef%gods%g’oﬁ}gygé’f%@?é’& ‘Ee@n&ﬁ% en. Tget
term "al kyl t Bt AR okQor Cip « ’ d @@M ed to a
sul fur. The tagt?ﬁ%é(?F%mP g%koxybag%"i owe5 r %I §%§th% 1rle re%rgﬁé%gﬁ | ower
al kyl groups definelbhbowatthcherl & 4 aalfarl The 38ribs “lowsgalkedy” aHd ‘Uwerd he term
"cycloal kyr' refers to fully or partially saturated rings of 3 to 7

carbons. Theallgilthio'sxafex fa snabdlower|adlaylgrotps ef defined abuvé attianhesd td at to 7
car bons hgvi ngyone orfpre substituents selected fromlower alkyl, |ower
oxygenors r.

The term “cycloalkyl” refers to fully or partially saturated rings of 3
to 7 carbons.

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

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

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

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

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

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

defined above is fused to a benzene, cycloalkyl, heteroaryl or
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10 al koxy, lower alkylthio. halo, hydroxy, trifluoronmethyl, nitro, cyano,
am no, - NH(I Ilgyl) -N(l ower al kyl)2. or carboxy as wel pcEessusiiri ngs
fused to a p enyF ring such-as tetrahydronapht hyI’ The term"aryl" refers
to phenyl, 1-naphthyl and 2-naphthyl. The term "substituted aryl"” refers to
phenyl, 1-naphthyl, and 2- 15 naphthyl having a substituent selected from

al kyl of lto t 3 r oxy,
trifluoronet h{/1 rﬁﬁc&%ﬁylﬁf re%ﬁ?&& P’Lﬁ{ﬁﬁfﬂ‘#‘{% %ﬁm(g? J@%}g ?gdq

carboxy, and ghd B0glihblingly bR fndh&dr BRGENI het%réﬁ?hiﬂ!'can%’lso?bé" apht hyl
wherein said substituents are selected from nethyl, nethoxy, nethylthio,

hal o, hydr oxyadduiomallycub2tituted at onélve therenavdikibie carbph atombdysa lawer
unsaturated and partially saturated rings of 4 to 7 atons containing one or
two 0 and S atlkyd hede/wrbomye hydragufe-lovearatkoxys Ae-gugnide; benwlarons when t he

4 at t t t ot al et t th
13" or 1 s Sl Ao, ol e on by i o REe RBAYAIAPA T ng 1 6 |
het 2?22?y|bygrOU%EE.**%SN%?&%@%%SDG oAy &Y N-RRREE oyt S0 (P,
2- and 3-thi eﬁé’benﬁwlo:%&drﬁ’nﬁy@,rtﬁhrbtﬁkﬂﬁyc%rb&xﬁﬁl4be5xz§} 6@Eér?dhydfﬂpyrl m di nyl ).

The term heteroaryl also includes bicyclic
The term “heterocycloalkyl” refers to fully saturated rings of 4 to 7

atoms containing one or two O and S atoms and/or one to four N atoms,

10  oneto 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,
tetrahydrofurahyl, tetrahydrothienyl, morpholinyl, tetrahydro-1,2-

15  thiazinyl, piperazinyl, piperidinyl, homopiperizinyl and azetidinyl. The
term heterocycloalkyl also includes bicyclic rings wherein the 4 to 7
membered saturated ring containing O, S and N atoms as defined above is
fused to a cycloalkyl, benzene, heteroaryl, or heterocycloalky! 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, Ag-guanido, benzyl or cyclohexylmethyl. Also, if the mono or
bicyclic heterocycloalky ring has an available N atom such N atom can also
be substituted by an N-protecting group such as benzyloxycarbonyl, tert-
butoxycarbonyl, benzyl or benzhydryl.

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

The terms “alkylene” and “substitued alkylene” refer to a bridge of 1
to 10 carbons such as -CHy-, -(CHg)s-, -(CHbz)e-, etc. One or more hydrogens,
preferably one, in the alkylene bridge can be replaced by an alkyl,
substituted alkyl, carboxy, alkoxycarbonyl, amino, -NH(ower alkyl),
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rings wherein the 4 to 7 nmenbered ring containing 0. S and N atons as

def i ned abgy(ﬁ?i/ﬁg {used to a benzene, cycloal kyl, heteroaryl pefrusoohidsii - '
het er ocycl ing. Preferred bicyclic rings are 2- and 3-indolyl. and 4-

and 5-quinolinyl. The nono or bicyclic heteroaryl ring can al so be
additionally substituted at one or nore available carbon atons by a | ower

al kyl, hal o, O%X%l%ﬁyq ngﬁdgﬁﬁ%ﬂ%@'rg%abg %ﬂ%ﬂbdﬁ)ahbenzyl or 5

cycl ohexyl met’ S an avallable N

atom such N ShB&y), albseithitedSeiddlkyl & leuEéhﬂﬂtéH Qi Chéﬂéﬂe(ﬂir? URprsuch as
benzyl oxycar%gnyl tert- butoxycarbons;l} gsl’)enzy or ben}ghydryl he term

"het erocycl Oéhekgniocycrleﬁky}setg) fully saturated rings of 4 to 7 atons
containing one or two O and S atons and/or one to four N atons, 10 one to
three N atoms when the ring is 4 atons, provi ded that the total nunber of

hetero atomsin]itl rlngls or |ess €r | ess when the ring is 4 atops.
The heterocycl OF ky]fI Is att ed by \A%y of“ an av%ﬁl’gﬁpe carbon or
CHa CH3 C,Hs

| °CH3 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-CHs;-, -CH:-CH=CH-,

10 etc. One or more hydrogens, preferably one, in the alkenyl bridge can be
replaced by an alkyl, substituted alkyl, carboxy, alkoxycarbonyl, amino,
-NH(ower alkyl), -N(lower alkyl)2, hydroxy, aminocarbonyl,
alkoxycarbonylamino, halo, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, or heterocycloalkyl, e.g.

— CH=C—" —f:::CH—CHz-—
CH,
—CI'F-"'-CH-’TH"—' , etc.
15 CaHs

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-CHz-, etc. One or

20 more hydrogens in the alkynyl bridge can be replaced by an alkyl,
substituted alkyl, carboxy, alkoxycarbonyl, amino, carboxy, alkoxycarbonyl,
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nitrogen atom Preferred heterocycl oal kyl groups include pyrrolidinyl,

t et r ahydr of urwmogbss72aet r ahydr ot hi enyl, norpholinyl, tetrahydr %67,3599;1?811
thiazinyl, pip erazinyl, pip erldlnyl honDplper|2|nyI and azetidiny The
term het erocycl oal kyl aI so i ncludes b| cyclic rings wherein the 4 to 7°
menbered saturated ring containing 0, S and N atons as defined above is

fused to a cychmh&yNHWeﬂﬁxl)hW@éMédkylgf gﬁg&g)’ g:g J,oab%%yl ring. The

nmono or bicyclic heterocycloal ring can at one or 20
nore avai | abl ealkgxpearbanylaminy, halbp@y&loaakﬂyhubdﬂi%hﬁbd [cﬂﬂ’K;Vl droxy, A2-

| ower al koxy, err]-guan benz or cyclohexylnethyl “if the nono
or bicyclic he?@%ﬁ%‘ﬁ?‘gﬂﬁﬁmﬁ thatavaaclcmﬂ)hd @&lgat om such N at om can
al so be substituted by an N-prot(%él n H?__oup such as benzyl oxycar bonyl ,

tert- butoxycarbonyl, benzyl The term hal o"
refers to chloro, brorm, fluoro and i ¢do. The terns "al kyl ene" and

"substitued al Kyl EHe—€CHBfer to a bri of 1 to 10 carbons such as -[err]-
etc. One or nore hydrogens, prefera ne, in the al kyl ene bridge can be
repl aced by an al kyl, SHbstituted al ; caer%g, al koxycar bonyl , am no,

- NH( | ower a5l kyl), -15-

The compounds of formulas IV, V and VI can be prepared as follows.
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-N(! ower al kyl)2, hydroxy, am nocarbonyl, al koxycarbonyl am no, hal o,

cycl oal kyl iduted cycloal kyl, aryl, substituted aryl; yl.i or
het er ocycl (%‘?%‘fs’?iste. g. [err] The terns "al kenyl" and "substll)?gztvggﬁ%ﬁglenyl "
refer to a bridge of 2 to 10 carbons havi ng one or nore doubl e bonds,
preferably 2 to 6 carbons with one double bond, such as -CH=CH,

-CH=CH CH2-, -CH . r s, preferably one, .
in the al kenyl b??ggggégﬁyégmfg% §€e %thgﬁﬁﬁﬁﬁ§¥?£§%§giituted al kyl ,

car boxy, al kgR¥rcarbonyl, am no, -NH(lower alkyl), -N(lower alkyl)?2,

hydr oxy, am nocarbonyl, al koxycarbonyl am no, hal o, cycl oal kyl, substituted
cycl oal kyl, aryl, substituted aryl, heter , or heterocycl oal kyl, e.g.
[err] The term "al kynyl" and "substitjuted al kynyl" refer to a bridge of 2
to 10 carbons having one or nore tripgle bonds, preferably 2 to 6 carbons

4/ N-P3
O/

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

(VIID)
Cl-(CHg)q-I

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

10 formula

09)

CO2H

C1- (CHy) q-———-r

V — N~ P3
O/

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

tetrabutylammonium fluoride to remove the silyl group and give

X
CO2H

N3~ (CHz>q————r

—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
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with one triple bond, such as -GG, -CH2-C=C-, -(err]CCH2-, etc. One or

nor e hx,gﬁg F,B? in the al kynyl bridge can be repl aced byp@muspolyil -
subst i tuted % car boxy, al koxycarbonyl, am no, carboxy, al koxycar.bonyl,

- 16- am no, -NH(lower alkyl), -N(lower alkyl)2, hydroxy, am nocarbonyl,
al koxycar bonyl am no, hal o, cycloal kyl, substituted cycl oal kyl, aryl,
substituted aryl, heteroaryl, or heterocycloal kyl, e.g. 5 The conpounds of
formulas 1V, nd VI can be prepared as follows. - 17- The car boxy

substituted azetidinone of the fornula [err]

HyN- (CH;) q—j—r

4/ —NH
O/

COzH

The alkylamino compound of formula XI, preferably as an acid salt,
5 isreacted with the diprotected guanylating agent of the formula
XD

iF
Py— II\T—C-—L
H

wherein P; is an N-protecting group such as tert-butoxycarbonyl or
benzyloxycarbonyl and L is a leaving group such as methylthio or pyrazolyl

10 to give the azetidinone compound of the formula

Xim)
N-P4
i COzH
N () q—-——r
Py
H O//,L___NH

Coupling the intermediate of compound XIII with an amine selected from

(CHy) (CHz)G\
ol ] 'H”( J

Rsg Rg (CHz)w
15
(CHz) o By
N
| T
B H
{(CH;)n B/ 2
3
Rg Ry O Ry Rg



wherein P3 is a silyl protecting group such as tert-butyldinethylsilyl is 5
treated w yl dihalide of the formula [err] in the p base
to give threw%g;r)%’g&é; substituted azetidi none of the 10 forw?géﬁlﬁgﬁlgg{lboxy
substituted azetidinone of formula I X is then treated 15 wth an azide
such as sodium azide followed by a fluoride ion salt such as

tetrabutyl arrggqi fluori renove the silyl group and give

Hydr ogenati o 01‘sUc ecoglg)r?%‘ggﬁg%? ﬁ]m"ﬁﬁl a X by treating with hydrogen in 20
t he presence al | adi um on carbon catal yst gives the al kyl am no conpound
of the formula - 18 - The al kyl ami no conpound of fornula X, preferably

as an acid salt, 5 is reacted Wtk the diprotected guanyl ati ng agent of
the formula wherein Pi is an N-grotecti ng; group such as tert-butoxycarbonyl
aq

or Hll\l_c_ll\]— (CH2 -—I'—Rls

p, H S

Y. NH
O/
(CH,)
- ~ I? s v l _] .
wherein Risis _ - — C—nN- ,
Rg Rg

o (CHZ)V'\ (CH,) B;
I ( Y 0 / 2

—C—N
J  —Cc—N

(CH) P :
2
CH =
5 (CHz)n B;
O Rg Ry O O Ro Rg O
1 R ] 12

—C-N—Rp—N—C—Ry ¢ —C-N—A;—N—C—0-Rq

Reacting the intermediate of formula XIV with an acid chloride

(CH2)m
O !
selected from h) I _l

Cl—C—N-| .
Cl—C—Ry , Rg
(CH2) o By
0
(c) 1/ N
ﬁ) ( \ Cl—C— I Rg
Cl—C— N Y P 1'3 ,
2
\(CHz)w/ ' (CHz)n B3/

0
fl i

10 Cl—C—CHa—0—Ryo | Cl—C—NH—SO0;—R7_

O Ro Rg O O

! ] ]
Cl~C=N—RA;—N—C—R; Cl—C—alkyl~S0,—Ry

i O
Cl—C—aryl—S0;—R7 Cl~C-N—A;—N—C—ORq oy Cl—S0;-Ry o

reacting with OCN—S02=Rs gjyes the compound of the formula
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benzyl oxycar bonyl and L is a | eavi ng group such as methylthio or pyrazolyl

10 to gi ve & 39/@‘772?§i di none conpound of the fornula 5 pcT/US99/13%18 -
compounds of ‘fornula IV and VI wherein [err] is carboxy or al koxy car.bonyl
can be prepared by reacting the internediate of fornmula XIIl with an

al cohol . brom de, or iodide of the formula (XVl) [err] 10 wherein Z is
al kyl, substit d al kyl benzyl or benzhydryl. Wien XVI is HO Z, the
reaction is perforned in the presence of a coupling reagent such as
di cycl ohexyl car bodi i m de, 1-et hyl=B: (3-di nmet hyl am no) propyl carbodii m de,
benzotriazol - 1-yl oxytri s(di net hy"am’ no) phosphoni um hexaf | uor ophosphate, or
car bonyl di i ni dazol e. Wen XVIfﬂl\I'SCBrl]\I‘Z(gﬁz)Iq‘Z,—'rrri—Rls
P H ——N
V4
o/ \Xl . .

Removal of the N-protecting groups gives the compounds of
formulas IV, V and VI
5 The compounds of formula IV and VI wherein R; or Ri4is carboxy or
alkoxy carbonyl can be prepared by reacting the intermediate of formula
XIII with an alcohol, bromide, or iodide of the formula
XVD
HO—Z Br.Z orl-Z

10  wherein Z is alkyl, substituted alkyl, benzyl or.benzhydryl. When XVIis
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-yloxytris(dimethylamino)phosphonium
hexafluorophosphate, or carbonyldiimidazole. When XV1is Br-Z or I-Z, the

15 reaction is performed in the presence of a base such as sodium carbonate

or bicarbonate. The reaction gives the compound of the formula

XVID)
e CO4Z
Oy C—N— (CHa) q———r
P1
H /,._.. NH

0
Reacting the intermediate of formula XVII with an acid chloride

(CH2) m
i
selected from h} Cl—C—N-| )

20 Cl—C—Ry Rg

’
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15 reaction is performed in the presence of a base such as sodi um

car bonat e ' onate. The reaction gives the conpound o | a
When Z is y%?%’%ézfi ng group such as benzyl or benzhydryl, Epecﬁr"gj\;sg%/ﬂggythi S
group and the N-protecting groups fromthe conpound of fornmula 10 XVI'l|

gi ves the desired conmpounds of fornulas IV and VI wherein [err] is carboxy.
Al so, when Z is al kyl or substituted al ky(lcga d X[%rlr] is [err], the
conpound of fornula XVI1| can be tr@ated tOX® e% N- prot ecti ngs groups
foll owed by m | dpaqu d€§2h\y ol ysi sl to 15 givqg jthe degired conpounds of
formula IV and W erein [efr] G Cardyxy. corrpoqmasRibf formula 111
can be prepar y tyeating fhe carboxy Substil{ut e%ggtidi none of formula
| X with a hal oal kyl \s-t(&ﬁzqw ormula - 22 - (CHz)n By

D

O O &
i Il
Cl—C-—CHy=0—Ri0  Cl—C—NH—S0,—R7
i PR iy
Cl=C=N—RA;—N—C—Ry  Cl-C~N—A;—N—C—0Ry

o}
I i
C1-—S0z-R7 Cl—C—alky}-S0;—R7 o Cl—C-—ary}—S0,—R7 o,

5 reacting with OCN—502—Ry gives the compound of the formula
XVIID
N-P;

I
I-n;l—-c—1i1—(CH2)q —r
P, H

S—N
& '

CO3Z

When Z is a protecting group such as benzyl or benzhydryl, removal
of this group and the N-protecting groups from the compound of formula
10 XVIII gives the desired compounds of formulas IV and VI wherein R; or Ry
1s carboxy.
Also, when Z is alkyl or substituted alkyl and X is
i
—C—NH"R4 | the compound of formula XVIII can be treated to
remove the N-protectings groups followed by mild aqueous hydrolysis to
15  give the desired compounds of formula IV and VI wherein R; or Ry4 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
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hal 0-R12 in the presence of base wherein halois d, Br, or | to give the

azeti di none Ré?zll—lpl?e azetidinone of formula XX can al so be pergpssvadsiby
reacting t heVQIYP none of forrmula VIl with the hal oal kyl of formula Xl X
in the presence of base to give the azetidinone of the fornula Treatnent of
t he conmpound of fornmula XXI with an al kyl di halide of formula VIII in the
presence of bami ves the azetidinone of fornmula XX The azetidi none of
formula XX is reacted in the same nmanner as the azetidi none of formula
| X descri bed above to give the desiregzlis-cqmpounds of forrmula [11. The
conpounds of formula Il wherein R is other than al kyl can be prepared by
treating the ahnethepreserdeafbasewhardif hald 13 ChBer eslitd ging thes argtitindee t 0 gi ve
the azetidinone of the fornula - 23-

Rip H
Cl—(CH,) y—] CO.H

4/ —N-P3
5 O/

The azetidinone of formula XX can also be prepared by reacting the

azetidinone of formula VII with the haloalkyl of formula XIX in the

presence of base to give the azetidinone of the formula

XXT)
Riz H co.n
H__..r

# N"’P3
10 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 XX is then reacted in the same manner
as the azetidinone of formula IX described above to give the desired
15 compounds of formula III.
The compounds of formula II wherein Ry is other than alkyl can be
prepared by treating the olefin of the formula
(XXID
F|111
HC=C—CH=CH;,
20  with chlorosulfonylisocyanate to give the azetidinone of the formula

XXIID

Ria

r—t CH=CH,

//—NH

.23.



Oxi dation of compound XXl Il such by treatnment with, for exanple, potassium

per manganate fo wed by silylation with a tri(lower alkyl )pcsindsbnsdil ori de
gi ves the g?@?mﬁlgone of the formula (XXI) 50

[err] The azetidinone of formula XXIVis then reacted in the sane manner as
the azetidinone of forrmula VIl described above to give the desired

ds of . f. la 1. 10 Th d la.ll wherei
[arr] are bAPHOARepIS EafroRen KXTH eiehy BRBREPRG e S ABPRRIBonG of 1 he
f I ' i - . . h
azet 101 none FRLARERE Benihddasdlit MRbweAL MBI FAPTEIBORFRIER) | (T o

azeti di nonesilyl chvridd givéetheagetidiavhe bfthdoraidla for exanple, see U S
Pat ent 4, 775,670. The conpounds of forrmula IV and VI wherein [err]

XXIV)

Rii

—‘— CO.H

— N—P3

Oy

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 Ri1 and R, are both alkyl can

be prepared by treating the azetidinone of the formula

XXV)

Raa

4 N-P3
o/

wherein R and R1; are both alkyl in the same manner as the azetidinone
15 of formula VII described above. The dialkyl substituted azetidinones of
formula XXV are known in the art, for example, see U.S. Patent 4,775,670.
The compounds of formula IV and VI wherein R; or Ris is
-(CHz)z2-aryl can be prepared by reacting an N-protected guanidine of the

formula

20 XXVI)
N-P;
P1— N=—C~NH—(CHy) g~—CHz—CO2CHj3
H

with an N-protected compound of the formula
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-(CH err]aryl can be prepared by reacting an N protected guani dine of the
formula 20 wg%,%; {5err] with an N-protected conpound of the domvuseb/assi1 24-
(XXVI1) wherein 5 Is trimethylsilyl in the presence of lithium ]

di i sopropyl am de to give the azetidinone of the formula 5 (XVIII) [err] The

azetidinone of formula XXVIIl is then reacted with an acid [err] or [err]
or with OCN-Wto give, following the reduction of the 15 alkene
group and renbval of the P1 protecting groups, the desired

Py—N=CH—CH=CH—aryl
wherein P2 is trimethylsilyl in the presence of lithium diisopropylamide to
give the azetidinone of the formula
5 XXVHI)
N~—P;

Py~ 1}1— C—NH— (CH,) q———l- CH=CH—aryl

H 4'——‘1\1}1

o

The azetidinone of formula XXVIII is then reacted with an acid

o "— (CH2 ) ™
chloride selected from ﬁ Cl— g:—-N-IJ ,
Cl— C""R’; R Rs
(CHy) o B2
o (CH2) o~ I \
TGS S (R
C1~C—N /Y A :
10 - (CH2Yw | (cHz)n B3
0
] N

i
Cl—C—CH;=0—Ric  Cl—C—NH—S50;—R7

4

O Ry Rg O
T (] 1
Cl-C—N—a;—N-—C—Ry  Cl—C—alkyl-S0;—R7

o Rg

O Ro 0
i N1 (!
Cl— C—aryl—S80;—Ry , Cl=C~N—A;—N—C—0Ry ,
or C1—S0:"Ry or with OCN—802=R7 ¢ give, following the reduction of the
15 alkene group and removal of the P, protecting groups, the desired
compounds of formulas IV and VI.
Compounds of formula II, IV, and VI can also be prepared by

reacting the acid chloride of the formula
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conpounds of fornmulas 1V and VI. Conpounds of fornmula Il, IV, and VI can

al so be pr reacting the acid chloride of the fornu p 011 .
with the N%f)}?o%éej’g?yed conmpound of the fornmula 5 in the preseh@gmgggﬁ 3%1e to
give the azetidinone of the fornula Treatnment of the azetidinone of fornula
XXXI with an azide such as 10 sodium azide gives the azetidinone [err]

Tr eat nent of conpound of fornmula XXXIl with ceric amoniumnitrate
renoves the xyphenyl group and the resulting azetidi none can be 15
reacted in the same manner as the azetidinorge of formula X described above
to give the desired conpounds of formnulas Il 1v, and i. - 26 -

Cl— (CHz) g— C—C1
with the N-protected compound of the formula

Ry

H;C— o—-@— N== C—COOCH;
51 .

in the presence of base to give the azetidinone of the formula

XXXT)

Ry

Cl— (CHy) q——l— COOCH;

o
&

OCH;

Treatment of the azetidinone of formula XXXI with an azide such as
10  sodium azide gives the azetidinone

XXXII)

Ry
COOCHj3

—— NN,
e

OCHj3;

N3—(CHy) 4

Treatment of the compound of formula XXXII with ceric ammonium nitrate
removes the methoxyphenyl group and the resulting azetidinone can be

15 reacted in the same manner as the azetidinone of formula X described above
to give the desired compounds of formulas II, IV, and V1.

N

N X

The compounds of formula I where A; is (CHz) ™
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can be prepared by reacting the conpound of the formula wherein L1 is a
| eavi ng groww}hl@s brono or iodo with the azetidi none of pctossaksai\V |
XX, XXIV or I'n"the presence of base to give the azetidinone of the
formul a Renpoval of the Pl protecting group and treatnent of this
azetidinone as 10 described above for the azetidinone of fornmula Xl gives
the desired co =T | eti di none of
formul a XXXV g%%”?%?%ﬁéfg%reaa?%ég&mﬁ% %&gﬁ&%%qlgﬂ%ﬁl%#}lﬁg%zto i ntroduce the
desired Xl grofXXIHgprotected, and then reacted with the guanyl ating agent
of formula XIl, Alternatively, the conpounds of formula | wherein Al is
(CH2) t [err] are hydrogen can be 15 (CH3) ¢ [err] prepared by reacting a
conmpound of the fornmula with the rgagrnt formula XXVI1 in the presence
of lithium

(CHz)y—In

wherein L; 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

XXX1V)
{CHy)
. —N/ 27t
- ANX i
(CHz) y— COOH
J—NH
O/

‘Removal of the P; protecting group and treatment of this azetidinone as
10 described above for the azetidinone of formula XI 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 guanylating agent of formula XII.

Alternatively, the compounds of formula I wherein A; is

/ {CH;) ¢
—N , Ri11is -(CHg)2-aryl and Rz and R are hydrogen can be

NX ey -

15 (CHz)y
prepared by reacting a compound of the formula
XXXV)
CH:
/ ( 2) t
P1—N,

W

{CHy ) ,— CH,~ COOCH3
with the reagent of formula XXVII in the presence of lithium

20 diisopropylamine to give the azetidinone of the formula
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20 diisopropylamne to give the azetidinone of the fornula - 27 -

Renoval of r] protecting group and reaction with th Lq{,k?ﬁra | ng

agent conpo‘&ﬁgg)gﬁﬁéornul a XlIl gives the azetidinone of the &orrm gA%H

(XXXVI1) [err] Reacting the internmediate of formula XXXVI| with an acid

chloride [err]” or [err], or reacting with OCN-[err] R7 followed by

reducti on of Mkene group and renoval of the Pl protecting groups gives
15 co

t he desired ounds of formula |I. - 28-
(CH3)
/ >2 t
Py \
(CH,) u————l-— CH=CH-aryl
e NH
O/

Removal of the P) protecting group and reaction with the guanylating
agent compound of formula XII gives the azetidinone of the formula

5 XXXVID

P (CHy) u——I— CH=CH-aryl

4/ ——NH

Reacting the intermediate of formula XXXVII with an acid chloride

’ {CHz)
O |
selected from IO| I _I

Cl—C—N-| ,
Cl—C—R, , Rg

o (CHz) o Bl\

0 ((an)v\ I/ \

i Ccl—-C— I | Rg

Cl—C— N JY B )
2
k (CHz)w , (CH;)n B3

O Rg Rg O
I 1

I
10 Cl—C—CHa—O—Ry CI~C-N—A;—N—C—Rq

6]
il il
Cl—C—alkyl—S0,—R7 , Cl—C—aryl—S0,—R7
O Rg Rg O
| o
Cl—C=N—RA;—N— C—0R,

or C15027R7_ or yeacting with O“¥—502=R7 foliowed by reduction of the

alkene group and removal of the P; protecting groups gives the desired

15 compounds of formula I.
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Alternatively, the corrpounds of fornmula | wherein Al is can be prepared
fromthe azev%)g; of formula [err] XXXVII According to thecrinoeasss, - t he
ring nitroge Y protected by treating the azetidinone of formula XXXVII
with, for exanple, tert- 5 butyldinethylsilyl chloride. Treating with
ozone reduces the nmoiety [err] to an al dehyde which is then converted to a
carboxylic acid by ARSF@%#’%&% Buﬁ {ﬁ?ﬁh@l%@ﬁlﬁgﬂ' m chlorite and
sul fam ¢ acid. Renova e pro I ng group gl ves the azetidi none
of the formula 1(;\9/(CHQ)X~XXVI 1) [err] Treatment of this azetidinone as
descri bed above_j e azeti ves sr red
conpounds of for (,dannﬁ’é‘ﬁ_ﬁg ‘?Fr%ﬂbg% Ekldg%%"f“tp foute to the
i nt ermedi ate of for GCH&I){,T According to this procedure, the silyl
protected azetidinone of formula VIl is treated with the N-protected i odo

conpound of t h&XEhuiAge @dma@t@nwmemtheemmﬂrogﬁnmﬁmm%d Yrotecting
group the azet{_.

rea mg%h azetlginone of formula XXXVII with, for example, tert-
5 butyldimethylsilyl chloride. Treating with ozone reduces the moiety

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

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

formula

10 (XXXVIID

(CHp) y— COOH
H l

p———NH

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

15 The following is a preferred route to the intermediate of formula
XTI1. According to this procedure, the silyl protected azetidinone of formula
VII is treated with the N-protected iodo compound of the formula

(XXXIX)

P

>N_(CH2)q—I
P

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

formula
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formula - 29 - [err] which may be isolated as an am nedsalt sudgg as the
tert-butyl gm t. The Pl protecting groups are renove )
azetidi ngng&%wgiﬂf ormul a XL gnd the resulting compound is ?ggc Bed \?\i_lth_the
di protected guanyl ati ng agent of fornula XII to give the internedi ate of
formula Xl Il which again may be isolated as an am ne salt such as the
tert-butyl ang salt. The iodo conpound of formula XXXI X can be prepared by
reacting 10 the diprotected amne of the formula with the al kyl di hal i de of
formula VIl to give the chlor8iconpound of the cEzglrrrula 15 (XLIl) [err]q

C
Sr—(CHy) q——r
P

/'———NH
o/

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

The iodo compound of formula XXXIX can be prepared by reacting

10  the diprotected amine of the formula

XLI)

P
AN

/NH

Py

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

formula
15 XLID)
P
/
P

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

benzyl ester of the formula

-30-

i



The chl oro conpound of fornmula XLII is then treated with sodiumiodide in
the presence of % e to give the iodo conpound of formula Xggnisodhssil -
fol |l ow ng aM QM ?gs procedure can al so be enployed to prepare 20 the.
conpounds of formulas IV and VI. The azetidinone of formula I X is reacted
Wi th benzyl chloroformate in the presence of triethylam ne and

di nmet hyl am no tieh ne to give the benzyl ester of the fornula - 30 -
Treat ment of t'he chloro conpound of fornmula XLIII with sodiumiodide gives
the iodo conmpound of the formula 5 (XLIV) [err] T odo conpound of
fornmula XLIV is reacted with th&qip_[otec "(fv!Ja of the formula 10
1=(CH, q

(XLV)

/F—‘N~P3

O/

Treatment of the chlore compound of formula XLIII with sodium iodide

gives the iodo compound of the formula

5 XLIV)

COZ-—CHZ—-@
I-(CH,) q—-—T

/'——'N—P3
O/

The iodo compound of formula XLIV is reacted with the diprotected
guanidine of the formula

10 (XLV)

i
P;—N—C— N2
H

to give the azetidinone compound of the formula

XLVD
i coz—cnz—@
HyN— C—N—(CH ) q-ﬂ—(
F1 J—N-P
——N-P;3
4
15 Removal of the silyl protecting group P3 from the azetidinone of

formula XLVI for example by reacting with ammonium fluoride gives the

azetidinone compound of the formula
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to give the azetidinone conpound of the fornula (XLVI) 15 Renoval of

the silyl protecting group P[[err] fromthe azetidi none of VI for

exanpl e by%‘é%&"ﬂ‘fg wi t h anmoni um fl uori de gives the azeti dﬁ’ﬁﬁ'ﬁ}é%@& ound

of the formula - 31 - [err] Reacting the intermediate of formula XLVII

with an acid chloride [err] Renoval of the benzyl protecting group and the

Plerr] N-progxﬁvinl}g groups fromthe azetidinone of fornmula XLVIII gives the
onp

desired 15 ounds of fornmulas IV and VI. - 32 -
ik coz—cnz—@
HoN—C— 1;1— (CHz) q——(
Py .-
&

Reacting the intermediate of formula XLVII with an acid chloride

0 (CH2) m
[}
0 Cl—C—N-| :
selected from C1—C—R7 Re
(CH,) By
O [¢]
CAr N W/ N
P Cl-C— | Re
2
5 \ (CHa)w | (CHaIm 33/
0 O Rg Rg O
I N 7

Cl—C—CH—0—R1  Cl}~C-N—a;—N—C—R,
O
I Il
Cl— C—alkyl—S0,—R~ , Cl—C—aryl—S0,—Ry
O Ro Rg O 0
[ ] Il
Cl—-C=-N—A;—N—C—OR; Cl- C—NH-SO,—Rjy

or C17502-R7 or reacting with ON—"502=R7 gives the compound of the

10 formula

XLVII)
N CO;—CH —@
HZN—C—II\T—(CH:) q——F 2 2
Py |
% BN

Removal of the benzyl protecting group and the P; N-protecting
groups from the azetidinone of formula XLVIII gives the desired
15 compounds of formulas IV and VI.
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The conpounds of formula | wherein [err] can be prepared by reacting the
azet i di none ‘?ﬁgg la XL with an al cohol, brom de, or i odi decpbsdonssml a
aze

to give i di none of the formula [err] '"Reacting the internediate
of formula XLIX with an acid chloride [err] - 33 - Renmoval of the Pi
protecting groups such as by treatnment with trifluoroacetic acid when
Plerr] is tert-butoxycarbonyl gives the trifluoroa e~ @ g 471 ne salt of
the formula 5 [grr] Treatnent of the
trifluoroacetic aci am ne f ith t appropri ate al dehyde
in the presence of g‘# ‘gﬁguﬁ"’]%@eﬂ a¥et oxy° borohydni’)"é‘ﬁ1

sodi um cyanobaog olydry gfreqac&%% tixg %2680 Yt Frmula XL with an alcohol,

bromide, or iodide of formula XVI to give the azetidinone of the formula

XLIX)
Py
AN COz2
/N—- (CHj) q————T
F1 J—NH
5 o)
Reacting the intermediate of formula XLIX with an acid chloride
o (‘"‘(Chz)m
selected from ﬁ c1— Q:_N_l ,
Cl—C—R~ , Rg
( CHy ) o Bl
0 AN
(cHz) 1/ N
N §|D ( \ Ci—C—N | | Rg
C -'C‘—'N ’
Z5
- (cx, )wj , (CHzIn gy

0
Cl=—C——CH;—0—Rjp Cl— C—NH—S80;—Ry

O Ry Ro ©O O
T I il
10 Cl-C-N—RA,—N—C—Rg Cl—C-—alky}S0;—R7

7 Y PR
Cl—C—aryl—80,—R7 Cl~C-N—A;—N—C—ORy ¢r C1—S502-R7 ¢y

reacting with OCN—5027Rs gives the compound of the formula

@
P
AN
/w——(cnz) q———r
Py

/N
S

CO,Z

X3
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the formula 10 (LII) [err] The conmpound of formula LIl is reacted with the

di protected quanylating agent of formula Xi| to give the azgiigloseisg: of the
formul a [e‘?’?%wﬁ@%val of the P[err] and Z protecting groups gives the

desired conmpounds of forrmula I. The azetidi none conpounds of formula I to
VI and various internediates and starting nmaterials enployed in their

hesi i ' b bel -.
"/ ng posi ti ons 3 Remoyal SECHY P ¥EBRAT Eiled oL0h AR B ARRBERT I o e 11
where [ err] agffiubfoareli® adlddvhé P WRMHBHEx EarfbRhFl kReY the D fordabtid | S

hydr ogen contain only one
acid amine salt of the formula

@D

(g 2

COx2Z ¢
HOQOC-CF3 «HyN—(CH;) q |

r—N.
5 § T

Treatment of the triﬂuorbacetic 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 (D

CO,2Z

—N.
T

The compound of formula LII is reacted with the diprotected

guanylating agent of formula XII to give the azetidinone of the formula

(LIOD
_Pl
CO22Z
Pj——N—C—N—(CH)3
H
Rao JF—N\
15 0 Xy

Removal of the P: 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
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5 asymmetric ring carbon. Additional asymetric carbons nmay be present in

t he conpoun mula | to VI depending upon the definitigAsHbrisie -
substi t uent g?(rgs{/ﬁzg% is well known in the art, see for exanple J. March.

Advanced Organic Chem stry, Fourth Edition, John Wley & Sons, New York, NY
(1991), pages 94-164, such asymetric 10 carbon atons give rise to
enantioners and di astereoners, and all stereoi soners, either in pure
formor in the formof mxtures, are i{acl 4fled within the scope of this

i nvention. In addition, when al kenes gre pfesent in the conpounds of
formula | to VI, they may, when appr rat8ly substituted exist as cis or
trans isomers, or as mxtures thereof. Again, .all 15 such forns are
within the scope of this invention. The conpounds of formula | to VI can be
obt ai ned as a pharmaceutically acceptable salt, as a physiologically

W “whetoin ra OFPoties ae Ralelfiot Bt R I8 1F PABR BT Rnf i R RheTnle Ay ) 57

I'S Ca an 1 nner alt or

zwi tterion. Afe ghffoviills df6RuBIE Whédd m&@w&&ges cBhtdifl biily dheent i on.

Phar maceutically acceptable salts include salts wwth mneral” acids such as
hydr ochl or§ c, asyufrmeiorio xing cqrbos p Additiortd] spitirheti-icccazBoneinayds prebéist Wit h

organi ¢ carboxylic acids or

in the compounds of formula I to VI depending upon the definitions of the
substituents Ry, Ai, X1, X, Ri3, X3 and Ri4. As is well known in the art, see
for example J. March. Advanced Organic Chemistry, Fourth Edition, John
Wiley & Sons, New York, NY (1991), pages 94-164, such asymmetric

10 carbon atoms give rise to enantiomers and diastereomers, and all such
stereoisomers, either in pure form or in the form of mixtures, are included
within the scope of this invention. In addition, when alkenes are present in
the compounds of formula I to VI, they may, when appropriately
substituted exist as cis or trans isomers, or as mixtures thereof, Again, all

15  such forms are within the scope of this invention.

The compounds of formula I to VI can be obtained as a
pharmaceutically acceptable salt, as a physiologically hydrolyzable ester,
or as a solvate. The compounds of formulas I to IV and VI wherein R; or
Ri4 1s carboxy can exist in the form of an inner salt or zwitterion. All such

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

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

carried out by conventional techniques.
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sul fbni ¢ acids such as acetic, trifluoroacetic, citric, maleic, oxalic,
succi ni c, ' tartaric, funmaric, mandelic, ascorbic, mi,l US99/13811 -

met hanesul ﬁgﬁ?g[kﬁ[l)s 25 toluensulfonic and the |ike. Preparation gt __f__’hese
acid addition salts is carried out by conventional techniques. -35 - The
novel conpounds of fornulas | to V and the conpounds of fornula VI possess

i nhi biti LM | Vi confid rned usi i ther
o ared human ski g Bbtolicoimotlis BRI THEY 20T IAd KirspdiEidiLe

4

red from
the human redorule VI goebessitpstasp idbidifioR MBLORFSTHY abAGHY WA US in i nsect

cells. The expressed beta-protryptase was purified using sequential

i mobi | i zed tropfirmedaisingeither éwlatefldumar dkiry typtaseomnaebiobindnt col }ert |
using an anti-tryptase nonocl onoal antibody. The protryptase was activate
by aut o- cat alBHmantzypkase; Rreparrd fomsthe humanrecpmbinanideta-protryptasean

Snate 18] aeeleadh PERN O ud th ufRER! Ll rte ended AR ot Ypthds | ™2
was purified using sequential immobilized heparin affinity resin followed
by an immunoaffinity 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., . Clin. Ivest., 97, pages 988 - 995,
1996). Essentially equivalent results were obtained using isolated native
enzyme or the activated expressed enzyme. The tryptase enzyme was
maintained in 2M sodium chloride, 10 nM 4-morpholinepropanesulfonic

15 acid, pH 6.8. |

The assay procedure employed a 96 well microplate. To each well of

the microplate (Nunc MaxiSorp), 250 pul of assay buffer [containing low
molecular weight heparin and tris (hydroxymethyl)aminomethane] was

added followed by 2.0 pl of the test compound in dimethylsulfoxide. The
20  substrate (10 pl) was then added to each well to give a final concentration

of either 370 uM benzoyl-arginine-p-nitroaniline (BAPNA) or 100 uM
benzyloxycarbonyl-glycine-proline-arginine-p-nitroaniline (CBz-Gly-Pro-
Arg-pNA). Similar data was obtained using either substrate. The
microplate was then shaken on a platform vortex mixer at a setting of 800

26  (Sarstedt TPM-2). After a total of three minutes incubation, 10 pl of the

working stock solution of tryptase (6.1 mM final tryptase concentration for
use with BAPNA or 0.74 nM for use with CBz-Gly-Pro-Arg-pNA) was
added to each well. The microplate was vortexed again for one minute and
then incubated without shaking at rooxh temperature for an additional 2
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mature active enzyme (Sakai et al., J. din. Ivest., 97, pages 988 - 995,

1996) . Esserqvb%)y ng val ent resul ts were obtai ned usi Nng i spEpuss/Rgi-ve
enzyme or the acfl vated expressed enzyme. The tryptase enzyne was

mai ntai ned in 2M sodi um chl oride, 10 nM 4-nor phol i nepropanesul foni c 15
acid, pH 6.8. The assay procedure enployed a 96 well mcroplate. To each

wel | of the myg %fgé}l r i ai ni ng
| ow nol ecul ar vvel ght” epalrtpgséay% @%lxgicfﬁ@greoﬁéﬁg %(Pﬁgrﬁx%%lt%%%%e \%vas
added f ol | onvedqMulecul@r Devides UV nid¥ ih @Eé kemitRaubae (405dirdvtdndiengdthpysvale. The
20 substrate (10 [err]1l) was then added to each well to give a final
concentration Wemymmut&?ﬂ: ¥oony ]:d’mmum;el -Bo determengthe comepovind ne ( BAPNA)
or 100 [err].M benzyl oxyc rbonyl gm ne-proline-argini n&g nitroanilie
(CBz-d y- Pr o cengemtuagion shat indpb lé%f’c alﬁ@gt}éﬁ)?%ywa%‘ﬂ%a Ve 5aeen at e,

h I i) )
800 25 ( SaPot ﬁ?ﬁeﬁé?tr%ﬁ@@«zwta&@?& 1% RAgesh el Sonind Ton, 10
[err]l of .the Rokharisa A5 hnd Auithd QRORCATY AP The M foach Y P! ase

concentration tor use w BAPNA or nM f
CBz- A y- Pr o- Ar@niyAindvaas ddttethihed gachtingklandthe obitgined valweswasrevor t exed

again for one mnute and
averaged.
As a result of this tryptase activity, the compounds of formula I to

10 VI as well as an inner salt thereof, a pharmaceutically acceptable salt
thereof, a hydrolyzable ester thereof, or a solvate thereof, are useful as
antiinflammatory agents particularly in the treatment of chronic asthma
and may also be useful in treating or preventing allergic rhinitis,
inflammatory bowel disease, psoriasis, conjunctivitis, atopic dermatitis,

15 rheumatoid arthritis, osteoarthritis, and other chronic inflammatory joint
diseases, or diseases of joint cartilage destruction. Additionally, these
compounds may be useful in treating or preventing myocardial infarction,
stroke, angina and other consequences of atherosclerotic plague 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 VIla. As a result, the compounds of formula I to VI as well
as an inner salt or a pharmaceutically acceptable salt thereof, a
hydrolyzable ester thereof, or a solvate thereof may also be useful in the

treatment or prevention of thrombotic events associated with coronary
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then i ncubated w thout shaking at roomtenperature for an ad_ditio;al 2 - 36
- m'nut this time the mcroplate was read on a Feghiis &1 -
reader (Mol ecu%r i)ew ces W nmax) in the kinetic node (405 nm vvave/?gg_r‘]gt h)
over twenty nminutes at roomtenperature. To determne the conpound
concentration that inhibited half of the enzyme activity (1[err]), the

[ FCA t d f t of the
| bi Cor _cortisisrand SoreBrdvatiiite wiopebe el eidd S mating widlps. The
| ferr] for Q%@uf@%@?oéﬁ?e&oﬁ@?%?ﬂé%e%gous ok iftgﬁﬁl ﬁﬂ%ﬁdﬂﬁl bt ai ned

val ues were averaged. As a resul his tryptase activit t’he conmpounds

of fornula | coagtlhtion symimnieb Behemia AAdangihd (sthbleanid uﬁsﬁb@é}”&é@'t ically
accept abl e salt thereof, V}/[grol yzabl e ester thereof. or a solvate
t hereof , are vgdnf orahos;ﬁ@ J@m@nm%ﬁeégetrwagaﬂar cedguibyathy, the

so be useful in treating
tp; gsgﬁpaao; e on| sgnﬁrome pt?lmonary em olijsm, myocar%&al mfarctlon,

cerebral mfarctlon, 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 VI possessing Factor Xa 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 accepté.ble salt thereof, a
hydrolyzable ester thereof, or a solvate thereof may be useful in the
treatment or prevention of restenosis and aneurvsms, in the treatment or

20 prevention of myocardial infarction, stroke, angina and other consequences
of atherosclerotic plaque rupture, and may also be useful in the treatment
of malignancies, prevention of metastases, prevention of prothrombotic
complications of cancer, and as an adjunct to 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
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I nfl amrat ory bowel

di sease, psoriasis, conjunctivitis, atopic dermatitis,

15 rheunat Qi,goghkhipg i tis, osteoarthritis, and other chronic passomssiory

j oi nt di seases, or

di seases of joint cartilage destruction. Additionally,

t hese conpounds may be useful in treating or preventing nyocardi al

infarcti on, stroke,

angi na and ot her consequences of atherosclerotic plaque

rupture. Addi t},eR8hti¥n of ERSENERIBAVERES adRYiabéd W drohsdy 4@t or
preventing 20 di abetic retinopathy, tunor growh and Ot her consequences

of angi ogenosi cerebrbviasculaaldisease he describgdoabuye, any nhwy alsetbeluskiul dsr eat i ng
or preventing fibrotic conditions, for exanple, fibrosis, sclerodernm,

pul nonary fi brishibitors efdiloed eqagulation syehcas during theprepasatior.ateragsr onas and
hypertrophic scars. 25 . The compounds of formula | to VI are al so
i nhi bitors of %’é‘vi%ﬂ‘%‘?&agﬂﬂ%whﬁ&%@f’ﬂl la. As a result, the conpounds of

formula | tp VI as

salt thereoi, a hydrolyza

tai SRRl AESE BAhb1AT & RPRIACOHLIGRLY v fiGaPt aDl 2

e ester ereo (0] ereor nmy al so

be useful in tgdedtirrtrptdsednhibieine Aktieily OThebd ohphirdsewRlé hadipoCi at ed
Wi th coronary - 37 -

potent tryptase inhibition activity are much less active against other

enzyme systems including trypsin, thrombin and Factor Xa. For example,

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

I — 7

IV where X; or Xz is the group —C— N—C—R2s5 and Rgs is a spacer

10

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

more atoms such as

—O0—(CH2}4 ro , ~NE—(CH2) 4 ro 5

—(CH2) 5 vo 10—

1

—(CH3) 4 ¢o 50— —O0—(CH3)3 to g—O0—

’ 7

-N—(CH2)4 o

15  CH

r

~NE—(CH2)3 to g&—0—
+ and

-N—(CH2)3 to &—0—

|

CH;

+ ete., as well as groups containing 3 or more

atoms and a phenyl ring suchas = (CH2)3 vo & < :> ‘

-T_(Cﬁz)z to 7‘—@_

4

CHs and

—O0—(CH3) 2 to 7—'@—
" etc.

20  Suitable lipophilic terminal groups include aryl, substituted aryl,

heteroaryl, aryl-As-aryl, aryl-As-substitued aryl, aryl-As-substituted aryl,
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artery and
rupture of
coagul atio
t-hr ombosi s

cerebrovascul ar di sease which include the formati on and/ or

at heroscl erotic plaques, venous or arterial thropbpgikésonisit -
W%%‘{#%nes, i schem a and angi na (stable and unstable), deep vein

(DVT), dissem nated intravascul ar coagul opathy, 5

Kasacach-Merritt syndrone, pul nonary enbolism nyocardial infarction,

cerebral i
atriala fi
surgery (s
val ves and
10 be use
angi na and
conpounds
i nhi btio
such as

15

ur oki nase-
formul a |

10

15

20

25

of : ' : : . : 5.
brlgﬁ?taa#?gﬁ? (ﬁg{éerq{e}%&g é%hbo ?2 h}ém%)hﬁg%gf;f%ol |%seg](c)ér:rp“r%%at i ons of
uchis af ilhBr 84ltka phaf@BLaeReER: acdeptdble ealtitheredf, #rtificial heart
endarterectony) and peripheral arterial occul sion and may al so
f uhydrolyzalde estgr dhexyeof \orrat solyateytheneaf] ate wseffakas i on, stroke,

ot her consequences of at,he{?g_fcj e{otic Pl aque, rupture._ The

of apginflammatosy ggends partisy treatment of chrarichsthymay
| Vi I , ful i nhi Qi f RBl.oad | ati or
Chit b B 3 bl St B b e BHBES GRARY 41 03

T[lg%xge pr[?QHE' dehd¥ dib@ddae | Rsérib Yhowd fér%ﬂé Aohi¥iddive ey Hase

asm nogen activator. As a resu t he conpounds of
t oinHibitors. 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.

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
the type of disease being treated. The amount of active compound
administered will also vary according to the method of administration and
the disease being treated. An effective amount will be within the dosage
range of about 0.1 to about 100 mg/kg, preferably about 0.2 to about 50
mg/kg and more preferably about 0.5 to about 25 mg/kg per day in a single
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,
injectable and infusible solutions. Such compositions can include
pharmaceutically acceptable carriers, preservatives, stabilizers, and other
agents conventionally employed in the pharmaceutical industry.

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

pharmaceutically acceptable salt thereof, a hydrolyzable ester thereof, or a
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as well as an inner salt or a pharnmaceutically acceptable salt thereof, _a

hydr ol yzabl S 3@3@%hereof, or a solvate thereof may be usefpdyissooiBifii -
§ i on of restenosis and aneurysns, in the treatnent. or

treatment or
prevention of

of mal i gnanci
conpl i cations
of fornulas I
activity sim

previously fobornesuspepdedubass offtheragtize vompound whichls apabile efhgivginds of
S BB e e S
?lﬁé%{rlgﬁgzﬁafggb%\é@%%?%%n@?o%&eﬁégfeﬁ of S ddifeldofifloMdlaO’ - 38--

formula | to
salt thereof,
useful In ére
preventi on” of

10

15

20

25

20

nyocardi al infarction, stroke, angina and other consequences
of atherosclerotic plaque rupture, and may also be useful in the treatnent

SSlvaty 162841 48 HplBFEPE AR86 as&w%%%g%fgrggi@ﬂé@rcﬂg% i)ﬁ s

of cancer, and as an adjunct to c

pieferably de fonaakaed ubnerdsols. dfite rm ooy psol hircixiddsi dmy gas-
|ar to that reported by Han in the U S. patents noted

assocl a coronary artery and
produced in a metered dose inhaler or nebulizer 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
from about 0.1 to about 100 mg/ ml, more preferably 0.1 to about 30
mg/ml, and most preferably 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
be included according to conventional pharmaceutical practice.

Other pharmaceutically active agents can be employed in
combination with the compounds of formula I to VI depending upon the

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

adrenergic agonists such as albuterol, terbutaline, formoterol, fenoterol or
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
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:
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cerebrovascul ar di sease as descri bed above, and may-al so be useful as

i nhibitors d coagul ation such as during the preparatj ge,
and fractig‘ﬁ;a%s'?égggof whol e blood. 5 Certain conpoundgegps%?%luél as |
to 1V are also useful due to their selective tryptase inhibition activity.
These conpounds whil e having potent tryptase inhibition activity are much
| ess active agai ngtis 8t her enzyme systens including trypsin, thronbin and
Factor Xa. For exanple, this selective tryptase activity is seen with the

conpounds of fornulas | to IV \lﬁwr | or X2 i% t roup errlis a spacer
10 terminating in a |ipophili<@ERup. {t able~siacergyi ncl gd /lg-‘r-&kps of 5
or [err] 20 Sui ’Ra?é ﬁ(‘g‘,njk')g’?phi lic i nal groups\.infl ude aryMsti tuted
aryl, heteroaryl, éry - P rlaryl, aryl-A3-substitued aryl, :

aryl -A[err]-subsﬁ)ituted aryl, - 39 -
— C—NH—{(substituted alkyl). -

or
0
] / \ 0O Ro R
e (e Y " ' 9 |
X is —/ | —C-N—(CHy) 7—N——C—ORq ¢
9 9
I o
5 —C_N'—'(CHZ) N C—R4 .

Q 0
Il i
R is aminocarbony], ~C¢~NH(alkyl) 4. —C—N(alkyl),

i i

Y is N-Ry, N—C—2a3—R; ' N—C—A;-0—R>

7 P

N—C—O0—A;—R7 N—C—A;-C—R;7

P

N~C—N N—Rg4
./

10 ;
R4 in the definition of Y and X is alkyl, cycloalkyl, substituted alkyl,
substituted cycloalkyl, or heteroaryl;
R7 is alkyl, cycloalkyl, substituted alkyl, substituted cycloalkyl,
L g
aryl, -(CHz) w0 s-aryl, -(CHz2)1 1 4-aryl-As-aryl, Rs  or Rs ;
SR
15 gy isamino, g (alkyl) o —N(alkyl)z .
Rs is lower alkyl;

Az is a bond, an alkylene bridge of 1 to 6 carbons,
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and aryl - As-heteroaryl, etc. These conpounds of fornmulas | to IV as well as
an inner sal'n%,rs%'igr maceutical |y acceptable salt thereof, appyiissdisgabl e
ester thereof, a“solvate thereof, are useful as antiinflammtory agents
particularly in the treatnent of chronic asthma 5 and nay al so be useful
in treating or preventing allergic rhinitis as well as sone of the other
di seases descr HofrHahewe—F ariyhe—non-sel ective tryptase inhibitors. It is
believed that as a resuJt of their selegtiwe_t Lnhibition activity
t hat these conpounds wi1?F have Ies@l'teng%%’c))? t%lg{ ¢e uhwant ed
side-effects. 10 The .c ounds of, foryula | to VYl as well. as.an
inner salt or a phat ﬁﬁééﬁﬁéﬁﬁ%’@é&@ﬁ@&l&?ﬁed&?’? Zteﬁ%ngﬁ}llgtefﬁ?arﬁfﬂ%}abl e
ester thereof, . a solvate thereof may be adm nistered orally, topically,
rectally or parerniterally or may be adm ni stered by inhalation into the
bronchi ol es or nasaRy[Ashyasen otNewsPAIRGY aid Adfider Shitdkripharitiacbuticilly
course, vary upon 15 the type of disease being treated. The anount of
active conpounaccaptdable salirthdradfl | al so vary according to the nethod of
adm nistration and the di sease being treated. An effective amount. will be
within the dosage rélsg@referegsoue the rompoynds of thos inypntion of farmavlad y about
0.2 to about Serherein .

Y, (CH) ¢
N >
Aris \/\

(CHz)u-

14

Rz and Rs are both hydrogen;

10 R, is a defined above;
0]
ex v 1 R
— = ["
X, is \—/ ——C—N—{(CHjy ) y—N—C—0Rg4 - or

9 Ry
I 2
—C=N—(CH2) 2=—N—C—R4 wherein Y, R4 and Ry are as preferably

defined above;
t 18 two or three;
15 u is one; and an inner salt or a pharmaceutically acceptable salt
thereof.
Most preferred are the following compounds of formula IV including

an inner salt or a pharmaceutically acceptable salt thereof:
NH

HzNJL 1I§K/\/ lll"'—rCOZH I?
/N _Co
— N N~ ~N—C-(CH
04 W H ( 3 ) 3
0

20
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ng/kg and nore preferably about 0.5 to about 25 ng/kg per day in a single
ses adm ni stered at appropriate interval hout t he
day The cgﬁkgkﬁ?ﬂgn used in these therapies can be in a va?F@&@g’ Hor ns.
These include, for exanple, solid, sem-solid and |iquid dosage forns such
as tablets, pills, powders, liquid solutions or suspensions, |iposones, 25
i nj ectabl e and infusible sojtions. Such conpositions can include
pharmaceutical |l y accept abl ¢ carrlers pre atives, stabilizers, and other
agents conventional ly edaNoy éﬁﬁ%euticalgindustry. When t he
compounds of formula | to VI as mell asfan i sal a pharmaceutically
acceptabl e salt thereof, a hydrolyz stq& : a - .40 -
sol vate thereof are enployed to tre@at a§$qfh rhinitis they wll

preferably be formul ated as aerosol s. erm aerosol" i.ncl udes any gas-
bor ne suspended phase of the active conpound which is capadble of being

NH 0]

l
HzNJLN /\/”I; C—N C-NHZ
H l

N—l(F—O"‘|CH"'CH(CH3)2
CH(CH3) »

®)
O=Q

5
o)
§ L
HoN N/\//"'-_rc_ NH
L ™\
o7 N\E/N N— C— O—CH—CH (CH3) 5
o CH(CH3) 5
,ﬂ? AN b N- C— NH
HaNT N N N 2
/N
TN - N :>
o) ¢ N _<\N
Y ; and
NH
‘\)L , COzH
%,
H, N _{
N N— C—(CH,)
O/ N\I?/ 2)5
10
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inhal ed into the bronchiol es or nasal passage. Aerosol fornulations 5
include a gagpligkngssuspension of droplets of the active conpefiigoeassi -
produced in a netered dose inhaler or nebulizer or in a mst sprayer..
Aerosol formulations also include a dry powder conposition suspended in air
or other carrier gas. The solutions of the active conpounds of fornulas I
to VI used to nmake rJpd @k i hblraal ation of 10
fromabout 0.1 to ﬁl%ﬁgﬁf%%?%}:fe%%Pé%%g&%br\%#xgrcg%?gyuf%oﬁ)&?gﬁi%g 30 ng/m ,
and nost pref anehiding aormatosdlt dr phashoecsuticallacsdptableeaitofhekésfn wil |

usual ly include a pharmaceutically acceptable buffer such as a phosphate or
bi carbonate to give a of\ fromabout 5to 9, preferably 6.5 to 7.8, and
nore preferably 7.0 to\7.6. rvatgCPe¥ and ot her agents can 15 be

i ncl uded according to c nti ongl ppharnaceuticgl practice. O her
pharmaceutically j agents cagn_be enpfoyed #n copbinatjion with the .
conpounds of formula Nyg, VI de(g@ndi n 'Tacﬂpé'e%’?e_%ﬁ%)%reated. For
exanple, in the treatnment of asthma, PL adfenergic agi@Hsdg such as

al buterol, terbutaline, fornoterol, fefoterol or 20 prenal i ne caid pe

i ncl uded as can anticholinergics such as ipratropi um brom de,
anti-inflanmmatory cortiocosteroids such as becl onet hasone,

Q_ /I': / COZH

I-IN==< /N N/—_\N'——‘(C?—(CHz) s_@
NH, 0 \n/
0] .

5
The following compounds of formula IV including an inner salt or a
pharmaceutically acceptable salt thereof are also preferred:
I o
Y N N Iflf O—CH,~CH(CH;s)
o7 N\n, [ ] 2 3)2
o ;
10
X
HNT NN %, CO.H
O
l eV an Ny
— N  N—C— N—l/
o” N\,ﬂ:’ \_/ IL/ —<N:>
0 H
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trianci nol one, flurisolide or dexanethasone, and anti-infl ammt agents

such as crom)l yn and nedocromi|. In addition to the novePCEH 6‘%%5

forrrul a%Y] o/t and the 25 nmethods of use for the conpounds of forrrul as |
this invention is also directed to novel internediates and novel

synt hetl c routes enployed in the preparation of such conpounds. Preferred

conpounds of this invention are those of fornula IV wherein: - 41 -

NCN N R4 NH 5 [err] 10 R4
in the definiti g9 ﬁ(/am"x i ?ﬁyl , cycloal kyl, substituted al kyl,
substituted cycl ) ky#8, or hgter arylrﬂgic_aé}gy_lﬂtccﬁehgﬁlllgyl, substituted

al kyl, substituted cycl oal ky N{Elu
o

il

0 ; .
I\ o
0, CO2
HN II:}/\/I. o
S v \N_‘é_‘é-N_CH——cmcnm
0 coN_/ i |
g CH{CH3) 2

NH

0.H
)L /\//’". C 2 0
HN® N
S ))\o_-c(cr-xg)a
NYN——(CHz)z""I? .
0 CHj3 CH3
o)

X o~ cozH
HoN _—'r
CHj3

‘ ﬁ?
c-N~ (CHz) z"N cn3

J—N
o’ ~

CH—CH:-CH(CH3) 2

O-—
N { -
o (1(:5 B\—-/ H—CH(CHs)z .

10

- 46 -



[err] - 42 -

[err] d and e are independently selected fromzero and an

i nteger fromwobeeis R21 is hydrogen or |ower alkyl; and an ig&f,kgﬁ%éuqr

pharmaceutically 5

acceptabl e salt thereof Al so preferred ar

conmpounds of this invention of fornula | wherein [err] defined above;
uis one; and an inner salt or a pharmaceutically

two or three;

accept abl e salt thereof.
formula IV including HoN g/\//,,,_ sCO,H

15

CH;
i CH;
0 CH; .
NH
H
. 0
J—N 7Nl
o” g N= C-CHz-O—cle—CH (CH3)
0 CH(CH;3), - and
HzNJL N/\/,,I,‘. C—NH—- CHZ_' C—- NH2
H I _ 0.
7N N N ?}-— |
7 -~ - O—CH-—CH(CH,)
o} 3)2
¢ l
o} CH(CH3),

The following examples are illustrative of the invention.

.47 .

preferred are the foll ow ng conpounds of
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an inner salt or a pharmaceutically acceptable salt thereof: 2

0
[err] - 43 .- Al so nost preferred are the followi ng co )
formula | i%??%’ﬁ?lz’fg an inner salt or pharneceutically accepﬂ%ﬁ%gggﬁl

thereof: [err] The follow ng conpounds of formula IV including an inher
salt or a pharmaceutically acceptable salt thereof are also preferred: NH

[err] - 45 - Example 1

NHeCF3COOH

HZN N/\/ ,//,. COZH
H I o (homochiral)
Y

N\

n-Butyl lithium in hexanes (2.5 M, 36.6 ml, 91.5 mmol) was added
dropwise over 5 minutes to a solution of diisopropylamine (13.5 ml, 95.9
10 mmol) in dry tetrahydrofuran (40 ml) under nitrogen at -78°C with
mechanical stirring. After warming to 0°C and stirring for 30 minutes, the
solution was cooled to -78°C and (4S)-N-(¢-butyldimethylsilyl)-azetidine-
2-one-4-carboxylic acid (10 g, 43.6 mmol) [Baldwin et al, Tetrahedron, Vol.
46, p. 4733-4748, 1990] was added in a single portion. After stirring the
15 reaction mixture - gelatinous suspension at -78°C for 5 minutes, the
reaction was warmed to -20°C to -10°C and stirred at this temperature for
30 minutes. 1-Chloro-3-iodopropane (5.7 ml, 53.0 mmol) was added in a
single portion and the reaction was stirred at -20°C for 2 hours (gelatinous
suspension disappears upon the addition of 1-chloro-3-iodopropane). The
20 reaction mixture was then poured into 1N HCI saturated with sodium
chloride (300 ml) and the agueous 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
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Exanpl e 1 NH*CE n-Butyl lithiumin hexanes (2.5 M 36. 6pdfusedisdyy Mol )
was added dr%&%%g’%{ver 5 mnutes to & solution of dii sopropy':Fiams ne (13.5
m, 95.9 10 nmmol) in dry tetrahydrofuran (40 nm) under nitrogen at
-78[err]C with nmechanical stirring. After warmng to O[err]C and stirring

for 30 m nut i - o

(99 N (1 - but yPRREES 18080 BRRER By e Wiloryiile Faliiorf i 20% sodium

43.6 mol ) [ Bahgdkdki@s). Ahe Mﬂiﬁb&ﬂﬁ@i@gaqﬁelt)%s B§erdwert/B3ndvdshed W] was
e

added in a single portion. After stirring
ethyl acetate (2 x 150 ml). The basic agueous layers were then acidified

with concentrated HC] 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

CO.H
m/v——]'

NH
Vi
O/

as a crude yellow oil. TLC (silica gel, 1% acetic acid in ethyl acetate) R¢=
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 ml). The aqueous layers were
extracted, in order, with ethyl acetate (2 x 1560 ml). The combined organics
were then extracted into pH 7.5 - 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) Rt = 0.1
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15 reaction mxture - gelatinous suspension at -78[err]C for 5 m nutes,
the reaction was warnmed to -20[err]Cto -10[err]C and stirred at this

t enper at ur & 8¥673Y ni nutes. 1- Chl or o- 3-i odopr opane (5.7 m , PSTUPURE) “was
added in a single portion and the reaction was stirred at -20[err]C for 2
hours (gel ati nous suspensi on di sappears upon the addition of

1-chl oro- 3-i ciopropane). The 20 reaction mxture was then poured into 1N
HCl saturated’with sodiumchloride (300 m) and the aqueous phase was
extracted with ethyl acetate (1 x 1% nl) which was then washed twice with

saturated 1IN HC . The eous |ayerd were then extracted tw ce, in order,
with ethyl acetate (2 QH2— OHr€—Qbnbi ned organi cs were then extracted
twice with pH 7.5-8 - wat ey (2 100 m, adjusted by the dropw se
addi ti on of 25% sodi hydr oxi de)§f Th cWas,j,_c aq B | ayers were
t hen washed with et Bae O2Cx NI50 Wl ) . e bas[C afueous |ayers were
then acidified with centrated HO® to PH 3, saturaled fith sodium
chloride (solid) and _ y/—NH

o
Acetic acid (4 ml, 66 mmql) 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(benzyl-
oxycarbony)-1-guanylpyrazole (15 g, 39.7 mmol) [Wu et al., Synthetic
10 Communications, 23(21), p. 3055 - 3060, (1993)] were added. The reaction
was then stirred at room temperature for 18 hours. The reaction mixture
was then filtered through Celite® which was then washed with ethyl
acetate. Solvents were reduced under vacuum and the resulting residue
was dissolved in ethyl acetate (150 ml) and washed with 1N HCl
15  saturated with sodium chloride (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 150 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 NN/ -bis(beniyloxycarbonyl)-l-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
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5 extracted with ethyl acetate (2 x 150 m), dried over sodiumsulfate,
filtered and_con rated. Evaporative drying with toluene tBep Qa)RsAS- &
crude yell omﬁqg%%c (silica gel, 1% acetic acid in ethyl acet,é)tge) R?:
0.1, streaks. 10 Tet r abut yl ammoni um i odide (0.5 g, 1.36 nmol) and

t et rabut yl ammoni um azide (15 g, 52.7 mmol) were added to a solution of the
crude chloride,from abgve SS an 43. 6 Mo i.n dr Lt hyl f or ram de
(40 n) under %SPFe?g%W. ugk @e gsﬁ'Brn?WQBt%ea’} %&%YI?I%S‘?#@(ME (a'iﬁc%smi
tenperature f ofo,7 . 1 | QL4 afg bhe 15 di et hyl f or mram de was
renoved under%éc%ﬁ?ng iEempér}gglthr%éteQ\gAgzkéxtor%ct ed into ethyl acetate (150 m)
whi ch was washgd with 1IN HCO saturated with sodiumchloride (3 x 150 m).
The aqueous | ayers were extracted, in order, with ethyl acetate (2 x 150

m ). The conbi ned organics werg then extracted into pH 7.5 - 8 water (2 x
100 m, adjusted the 20 o‘_o w se addition of 25% sodi um hydroxi de). .
The conbi ned bas qu Beis PEy%r were then washed with ethyl_acetate (3 x
150 m ). The basi c aqueous yerp were then acidifige,ubh entrated HC

to pH 3, satur @—V—“c&f}ﬁéﬂid‘ﬁﬁ %m/d*e\(,gm"{ﬂd. extract ith ethyl
acet ate, 2 i =
NH
8]
5 Solid sodium bicarbonate (1.5 g, 17.9 mmol) , tetrabutylammonium

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

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

15 methylene chloride) provided the desired product (1.84, 3.21 mmol) as a
yellow oil.

d)
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dried over sodiumsulfate, filtered and concentrated. Evaporative drying 25

w th toluene gave the desired azide as a yell ow brown foam 3.1
mol ) . TLCYVPS"g‘I“?’éé gel, 1% acetic acid in ethyl acetate) Rfl(éﬂggfgsmg -

[err]” Acetic acid (4 n1, 66 mmol ) was added to a sol ution of the azi de
fromstep (a) (6.5 g, 32.8 mmol ) in dinmethylformam de (40 m) followed by 5

i xt e for 25 i b°”a§§3ﬁtrm8%hxl'é¥'@v‘$aé§a4"q gl 5%&?»%@5%%&%32? for
TP T e PN AL SR8 A
Corcer SO B Y VAL ot P Bl o AT 10
was then stifgmRtiont mixtare welEpRiebd ae -T8C 8 10UIFuteshRd RRBI40B0PCEbNT € Was
then filtered through Celite[err] which was then washed with et hyl .
5 10 minutes. After cooling the reaction mixture to -78°C, benzyl isocyanate
(100 pl, 0.78 mmol) was added in a single portion. The reaction mixture
was stirred at -78°C for 5 minutes and then at -20°C 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 room
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 light yellow residue. Purification by
flash chromatography (silica gel, 0-30% ethyl acetate in hexane) gave the
desired product (33 mg, 0.047 mmol).

15 o)
NH«CF3CO0H

HoN NN, COzH
H [ . {homochiral)
Y
O

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

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

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

25 methanol, water, trifluoroacetic acid) provided after lyophilization the
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acetate. Solvents were reduced under vacuum and the resulting residue was
di ssol ved in_et cetate (150 nml) and washed with 1IN HO 1pcraRbeissiied
Wit gt i

with sodi um

(3 x 150 nl). The aqueous washes were extracted,.in

order, with ethyl acetate (2 x 100 m ). The conbi ned organics were then
extracted with pH 7.5 - 8 water (2 x 150 m, adjusted by the dropw se

addi tion of 25&%%%19?3({%r(g')?ilﬂ?’ée'gi_??bﬁ%&ggﬁ%%g%b% BRUCRES %gber S were

t hen washed wit acetate

ve exXCess

NN

' - bi s(benzyl oxgaarhen346.8(MUHRNY| prazol e fromthe product. The basic

aqueous | ayers were then acidified wth concentrated HC

to pH 3, saturated

with sodiumchloride (solid), extracted with ethyl acetate (2 x 150 m),
dried over sodiumsulfate, filtered ang con(ient rated. Evaporative drying

wi th toluene gave a |ight brown foam ion by fl
chromat ography (silica gel, 1 - 3% acetic acid in ethyl
50 - destred product (8.5 g, 17.6 mmol) as an of f-whi
(silica gel, NH«CF3CO0OH

H '

ash 25
acetate) gave the -
te solid. TLC

. B
O‘//— N\[r N (homochiral)
g

P cor-c2<O)
07-CH
@-cmeb g

——N

TR0

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

10  a solution of the product from Example 1{c) (92 mg, 0.161 mmol) in dry

tetrayhydrofuran (1.5 ml) under nitrogen at room temperature. After

stirring the reaction mixture for 10 minutes, cyclohexyl isocyanate (100 pl,

0.78 mmol) was added in a single portion. The reaction mixture was

stirred at room temperature for 30 minutes. The reaction was then slowly

15 poured over ice cold 1IN HCI (2.5 ml). The resulting solution was extracted

with ethyl acetate. The organic phase was washed twice with saturated

agueous 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)-.
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1% acetic acid in ethyl acetate) Rf = 0.2. c) [err] 5 Solid sodium
bi carbonate (1.5 17.9 mmol ) , tetrabutyl anmoni um i odi de .54
mol ) and W% 2‘8enzy| bromide (2.5 m, 21.0 mmol) were adﬁ?%ﬁgmq
solution of the product fromstep (b) (1.7 g, 3.52 mmmol) in

di mret hyl formam de (20 m) under nitrogen at roomtenperature. The reaction
m xture was stirred at roomtenperature for 48 hours. 10 D nethylfornmam de
was renoved under vacuum and the resulting residue was dissolved in ethyl
acetate whi chpywas then washed twice with saturated aqueous sodi um

bi car bonat e. e organi c phase was separated, dried over magnesi um sul f ate,
filtered and reduced to | FaCBPBwn oil. Purification by flash

chr omat ogr aphy (sili caﬁg’g 0«\,&@% met gl in 15 nethylene chloride)
provi ded the desired p uc (1.84,] mml) as a yellowoil. d) 0 [err]

04—-1\\r \O (homochiral)

Concentrated HCI (11 pl, 0.132 mmol) was added to a solution of

5 the product from step (a) (91 mg, 0.13 mol) in dioxane (2 ml) followed by
10% palladium on carbon catalyst (45 mg). Hz was bubbled through the
reaction mixture for 45 minutes. Water (1 ml) 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 t§ give white
powder. Purification by 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)".

15

Example 3

NH-HC1

NN, COzH
H ‘ H (homochiral)

PN
! OO

3\
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- 51 - Sodi um bi s(trinethylsilyl)amde (1.0 Min tetrahydrofuran, 100
[err]1, 0.1 nmol) was added to a solution of the product frogp-s (46
ng, 0.08 r-mﬂY?S'?/ 7231?y tetrahydrofuran (1.0 nl) under nitrogen atgﬁl?lgégic The
reaction mxture was stirred at -78[errt]C for 10 m nutes and then at
-20[err]C for 5 10 m nutes. After cooling the reaction mxture to
-78[err] C, be%yl | socyanate (100 [err]l, 0.78 mmpl) was added in a single
portion. The action m xture was stirred at -78[err]C for 5 mnutes and
then at -20[err]C for 15 minutes. INHCO (1 m) was added foll owed
I medi ately by | acetatdl (3 ml). The resulting biphasic solution was
stirred vi gorou@vﬁﬁ?_&‘ iNg to room 10 tenperature. The organi c phase
was separat ed and washed ' celMth sat ur at ed agugous, y um bi car bonat e.
dried over rrag@l_u silof #Lg” Ny Ened alft entrateeto |l eave a |ight
yel | ow resi due. ritTcatiom by #lash chrojmtdgraphy (silica gel, 0-30%.
ethyl acetate in hexane) gave the desi red4pr_0 \((::t,N 33 ng, 0.047 mol ).

0]

I
¢

Following the procedure of Example 1(d) but substituting 4-
biphenylisocyanate for the benzyl isocyanate, the desired product was

5 obtained. IR (film) 1776 cm-!; MS 768.1 (M+H)*, 766.2 (M-H)".

b)
NHHC1

HzN’u\ NN //,,.‘_‘rCOgﬂ
H
H
04 W N O (homochiral)

- ¢

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

10 product from step (a) (80 mg, 0.039 mmol) in dioxane (4 ml) followed by
10% palladium on carbon catalyst (30 mg). Hz was bubbled through the
reaction mixture for 5 minutes and then the reaction mixture was stirred
under hydrogen gas for 1.5 hours. The reaction mixture was then filtered
through Celite® which was then washed with two portions of water and

15 one portion of dioxane. The combined eluent was lyophilized to give the
desired product (16.3 mg, 0.036 mmol). IR (film) 1769 cm-}; MS 410.1
M+H)*, 408.3 (M-H)".
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Concentrated HO (4 [err]l, 0.048 mml) was added to a solution of the
product fromste d (33 ng, 0.047 mmol ) in dioxane (.2 m) _followed by 10%
pal | adi um 3%03%?7% catal yst (15 ng). Hydrogen gas was bubbl”EZﬁ"?&”"’PH ough
the reaction mxture for 1.5 hours. Water (0.5 m) was added and the”
reaction was stirred under hydrogen for an additional 1 hour. The reaction
m xture was then filtered through Celite ich was then washed with three
portions of water. The conbi ned el uemmi lized to give white
powder. Purification by preparative HPLC (reverse phase, 25 met hanol ,
water, trifluoroacetic acid) provided after |yophilization the - 52 -
desired product (8.7 ng, NEQEZCOO®OI| ). IR (film 1773 cm'; M5 348.0 ( MtH) +,
346.3 (MH)-. Exanple Z,B\Sleyp,,hydri g8,5 60% in mneral oil, 20 ng, 0.5
mol) was added to HN N

(homochiral)

i
i
oY

(0]

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 cm'l; MS 362.1 (M+H)", 360.3
(M-H)".

10 Example 5

NHeCF3COOH

HzN/u\ N/\///,_. COzH
H l

N\
9,
Zm

Following the procedure of Example 1 but substituting 4-

15  trifluoromethylphenyl isocyanate for the benzylisocyanate in step (d)
followed by the work up described in Example 1 step (e), the desired
product was obtained. IR (film) 1761 cm!; MS 402.1 (M+H)*, 400.2
(M-H)".
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10 a solution of the product from Exanmple 1(c) (92 ng, 0.161 mol) in dry
tetrayhydrofv%ggﬁ,ﬁz}sS m ) under nitrogen at room tenperaturepcii®nssi1 -
stirring-the réaction m xture for 10 m nutes, cycl ohexyl isocyanate (.100
[err]1, 0.78 nml) was added in a single portion. The reaction m xture was
stirred at roomtenperature for 30 m nutes. The reaction was then slowy 15
poured over ice cold INHA (2.5 m). | ting solution was extracted
with ethyl acetate. The organic phase%-%z}qngafes ed twice with saturated
aqueous sodi um bi car bonattgi-aaad once with brine. The organic |ayer was dried
over sodiumsulfate, filgr apg conceptgated. Purification by flash
chr omat ogr aphy (silic8el § o- O%ﬂﬂ-’ganol in hy Keemoeitizaliide) 20

&

provided the desired product (91 nfg, P.13zmD M5 698.1 (MtH) +, 696. 4
(MH)-. - 53- Concentrat ed HO A+ erW] 1, /75132 mmol ) was added to a
solution of 5 the product froms®ep (a)lf(91 , 0.13 mol) in dioxane (2 )
foll owed by 0 CH;

Following the procedure of Example 1 but substituting (R)-o-
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!; MS 362.1 (M+H)", 360.2

M-H)".

Example 7
10
NH-HC1

4
HZNJL Ig/\/ o, __rcozH (homochiral)
N \Q
pr—— N
0o W

0]

3\

Qe

H3

Following the procedure of Example 1 but substituting (S)-o-

methylbenzyl isocyanate for the benzyl isocyanate in step (d) followed by
15 the deprotection and work-up described in Example 3(b), the desired
product was obtained. IR (KBr) 1777 cm'1; MS 362.1 M+H)", 360.3

M-H)".
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10% pal | adi um on carbon catalyst (45 ng). H2 was bubbl ed t hrough the
reaction m or 45 mnutes. Water (1 m) was added and I on
was sti rreﬁé%&#%ydrogen for an additional 45 m nutes. Th@&@&%ﬁﬁ%‘

m xture was then filtered through CeliteE which was then washed with 10
three portions of water. The conbined el uent was |yophilized to give white
powder. Purification by preparative EELC eyerse phase, nethanol water,

trifluoroacetic acid) provided after zation the desired product (28
ng, 0.062 mml). IR (KBr) 1773 cm'; M 340.1 (M+tH)', 338.2 (MH). 16

Exanple 3 -54 - [err] Follow ng the procedure of Exanple 1(d) but
substituting 4- bi phenyl Nb&Fa@e®® for the benzyl isocyanate, the desired
product was N NN, COLH O
H l (homochiral)
H .

o N
7Y @
0]

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

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

10 Example 9

!\J\Ilﬂ * CF3;COOH
4 CO2H
H, 11}]/\/ "'-——r 2 (homochiral)

A OO

0 CHs

Following the procedure of Example 1 but substituting (R)-(-)-(1-
15  naphthyl)ethyl isocyanate for the benzyl isocyanate in step (d) followed by
the deprotection and work-up described in Example 1(e), the desired

product was obtained. IR (KBr) 1777 cm-!, MS 412.3 (M+H)*, 410.2
M-H)".
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5 obtained. IR (film 1776 cm': M5 768.1 (MtH)t, 766.2 (MH)-. b) [err]
Concentrated HCL (10 [err]l, 0.12 nmol) was added to a sol “t-ﬂf’@l‘}F@wlS 8-10
product fromQP¥F’43) (30 ng, 0.039 nmol) in dioxane (4 m) Ttollowed by 10%
pal | adi um on carbon catalyst (30 ng). H2 was bubbl ed through the reaction

m xture for 5 mnutes and then the reaction m xture was stirred under

hydr ogen gas for 1.5 hours. The reactjon mxture was then filtered through
Celite which was then washed with tmt‘m&ﬁof wat er and 15 one portion
of di oxane. The conbi ned eluent was |yophilized to give the desired product
(16.3 ng, 0.036 nmol). IR (filnm 1769 cml; M 410.1 (M:tH)+, 408.3 (MH).
-55 - Exanple 4 [err] "NHe.CFiCOOH

HoN 1}\{1’\/”'»-‘_|)C°2H (homochiral)
y N ’
oY

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) 1777 con}; MS 412.3 (M+H)", 410.2
(M-H)".

10 Example 11

NH.CF3COCH

HoN NN, COzH
H
l H {homochiral)

Oé N\r N//h,

0]

a) trans-4-phenvlcvclohexvlisocyanate

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

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

-89 .-



Fol l owi ng the procedure of Exanple 1 but substituting phenethyl 5

| socyanate for the benzyl isocyanate in step (d) followed bé &H% of .
depr ot ectiaﬁo\%ﬂ?%p described in Exanple 1 step (e), the d cred b’rs_g)’duct
was obtained. IR (film 1775 cm': M5 362.1 (MtH)-, 360.3 (MH)-. 10
Exanple 5 Follow ng the procedure of Exanple 1 but substituting 4- 15

Fol 1 owed by (HEORGREHSTSLSLER eh O 1204 mehentlmeshyleas chlarilelaspyidad
S [orr e traddmenL el e Brinlfn f Sita 0B i g |
g (F)? I E) 3,25] " ymet hy! bPRgegent $20% 30 3bRiehe 5 bh1P waRI¥AXH th S0 ARG Bf bt P (d)
phenylcyclohexylamine (500 mg, 2.85 mmol) in toluene (5 ml) under
5 nitrogen at room temperature. The resulting solution was heated at 80°C
for 24 hours. Solvents were then lremoved under vacuum to leave a solid
residue. This residue was dispersed in ether and filtered. The eluent was

collected and concentrated to giQe 379 mg of trans-4-

phenylcyclohexylisocyanate as a light yellow oil. IR (film) 2259 cm-!.

10
b)
NHe CF3COOH
H,N 1}?/\///,,. _rcozn |
H {(homochiral)
04— N\n, N/,,,.

0

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

M-H)".
Example 12
20
NH+CF3COOH
HoN 11}11 N __rC02H (homochiral)

N\

i AL
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5 the deprotection and the work-up described in Exanple 3 (b), the desired

product was obtained. IR (KBr) 1777 cm'; M 362.1 (MtH', ?ﬁ.v()]I
Exanpl e 7-10"?'3?’?’121730I | owi ng the procedure of Exanple 1 but ‘su @?*{Y#ti? ng

(S)-[err]- methyl benzyl isocyanate for the benzyl isocyanate in step (d)
followed by 15 the deprotection and work-up described in Exanple 3(b), the

desired product was obtained. |R (KBr) 1777 cm'; M5 362.1 (MtH)', 360.3
(MH-. - 57 - [err] 5 Fo W ng the procedure of Exanple 1 but
substituting 2) bi pheBy_1i; SO e J he benzyl isocyanate in step (d)

fol | owed by the 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
mixture was stirred at room temperature overnight. After 16 hours, the
mixture was evaporated in vacu.o and partitioned between 1N 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

concentrated to give 300 mg of H N\/©\ /@ as a colorless oil.
2 0

MS 199.2 (M+H)*.
This amino compound (300 mg, 1.51 mmol) in toluene (2 ml) was
added to a mixture of phosgene (3 ml of a 20% phosgene in toluene
15 solution) in toluene (2 ml). The mixture was heated at 80°C for 2 hours,
followed by stirring at 110°C for 1 hour and stirring at 80°C overnight.
The mixture was then evaporated in vacuo and the residue was suspended
in ether and filtered. The eluents were concentrated and co-evaporated
with toluene to give the desired isocyanate as a brown oil (0.328 g). IR
20 (film) 2263.5 cm-1,
b)
0O
@- CHy— O— g- lN’
X

0

f in,, COrCHz“@
@CHz-o—c-N NN
H H
EgPeVe
o I‘K"/N 0
0

N
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depr ot ection and work-up described in Exanple 1(e). the EDESi red product was
obt ai ned. KBr) 1780 cm'; MS 410.1 (MtH)-. 408.2 (MH)- -
Exanpl e 9 [ & iﬁlovvi ng the procedure of Exanple 1 but suEEM{s&?’f%‘
(R-(-)-(1- 15 napht hyl ) ethyl isocyanate for the benzyl isocyanate in step
(d) followed by the deprotection and work-up described in Exanple 1(e), the

' ' | R (KBr) 1777 . VB 41 MrH) +, 410. 2
(wh o 785" " Tug et estna prgce &a%@ga&”p‘éem@m . 12igmmo)

Sooyanat e | nvar Gadeone i ver OOk R (0 mCRY BRI s ek OB 1)

Zfllg geSl red pbfé(t‘tﬁhe’dl?ﬂs@ﬂ§ﬁhﬂﬁd(0 15&1{1@@45]&&701%5 adlBd Bbér 3 hiMilths

and the mixture was stirred at -78°C 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 -78°C.
After 30 minutes, the mixture was quenched with 0.5 N potassium
bisulfate solution (10 ml) and éxtracted 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)*, 796.3
(M - H) ; IR (film) 1776.6 cm-1.

15 o
NH+CF3;COCH
H,N 1}\;/\/ “, pCO2H (homochiral)

A AL

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

AN

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 bukbled through the solution
for 4 hours. The resulting mixture was filtered through Celite® which was
then repeatedly washed with 1,4-dioxane. The combined eluents were
evaporated in vacuo to give a pale yellow glue (40 mg). Purification by
reverse phase preparative HPLC (YMC ODS 30 x 250 mm) using the
25  solvent system described in Example 1(e) gave the desired product as a

white solid (26 mg). MS 440.2 (M + H)*, 438.3 M - H)"; IR (KBr) 1773
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(MH-. 10 Exanple 11 [err] a)

t rans- 4- phenyl exvl i socvanate Ammoni um formate (18 g, 'S
added to a S\gp%/%}ﬁpof 4- 15 phenyl cycl ohexanone (5 g, 28. %&snl;mi )hiksr{‘val

met hanol (150 m ) under nitrogen at roomtenperature foll owed by the

porti onw se addition of sodi um cyanoborohydride (1.85 g, 29.4 nmmol). After
stirring the reaction mxture at roomtenperature for 24 hours, the

net hanol was r®foved under vacuumto |eave an oily residue. The residue was
di ssol ved in nethyl ene 20 chloride (100 m) which was then washed with 1IN

sodi um hydroxide (2 x 100 m ). The organic | ayer was separated, dried over
sodium sul fate, filtered and concent rBkafhgle 13eave an of f-white solid.

Purification by flash - 59 - chromat ography (silica gel 0 - 20%
met hanol / net hyl ene chl ori de) provided
E-I*CF;;COOH i
BN NN, CO,H
H ; (homochiral)

off“\orN )
. &

a)

@— CHz— O—iC,):- 1\’./IL 1\3/\/ "Iu.,_fcoz _CHQ—@
OJL-_ N\n/g
QY
O

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

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

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

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

was separated, dried over sodium sulfate, filtered and concentrated to
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3.46 g of trans-4-pheny| -cycl ohexyl ami ne as a white solid. Phosgene (20%in

t ol uene, m) was added to a solution of trans-4- phenylcy ne
(500 ny, 2W 9%dF) in toluene (5 m) under 5 nitrogen at lféoﬁg]%%ﬁm

tenperature. The resulting solution was heated at 80[err]C for 24~ hour s:
Sol vents were then renoved under vacuumto | eave a solid residue. This

resi due was d| sperse |n t her tered. T&fﬁé ent was collected and
concent r at edleaye & Rrdg 5‘?51 \‘%m catien by ﬁ(ﬂi’é??‘lalt%@? ydpdcas g

light yello n | rocedure
o:‘gExa)r/rpI e \i\/%ub %%Eb[yllgl %%3?%?1’ %‘e)éggg)ql% %%dgﬂ}lsoég‘gﬁé?é Por thg
b I t d d K-
desclibed i n Eenapel 5 Fﬂ?%?ei”é’e"sf*‘?‘édMﬁﬁééﬁgtMmmfiﬁ?ﬁﬁﬁ‘%%mf‘ R (KBI) 1778
cm'; M 416.2 (MrH)', 414.4 (MH)-. Exanple 12 20
5 b)
' NHe+CF,COOH

H,N N/\//'"-‘ COsH
H . l y (homochiral)

SN0
&,

Concentrated HCI (20 pl. 0.24 mmol) was added to a solution of the

product from step (a) (54.8 mg, 0.068 mmol) in dioxane (3 ml) followed by

10 10% palladium on carbon catalyst (50 mg). Hydrogen gas was bubbled
through the reaction mixture for 5 minutes and then the reaction mixture
was stirred under hydrogen gas for 1.5 hours. The reaction mixture was
then filtered through Celite® which was then washed with two portions of
dioxane and three portions of water. The combined eluent was lyophilized

15  to give a white powder. Purification by preperative HPLC (reverse phase,
methanol, water trifluoroacetic acid) provided after lyophilization the
desired product (21 mg). IR (KBr) 1776 cm-!; MS 452.4 M + H)*, 450.4 (M
-H)".
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[err] - 60 - [err] Amonium formate (7.95 g, 126.12 mmol) and sodi um
cyanobor ohydride (4.75 g, 75.66 mmol) were added to a soluti 3 .
phenoxyhendeQéW?%%s(Sg, 25.22 mmol) in nethanol (125 m) anﬁeyﬂ%wﬁ?%?ure
was stirred at roomtenperature overnight. After 16 hours, the m xture was
evaporated in vacuo and partitioned between 1IN HO and ethyl acetate. The
aqueous | ayer was then basified usina 6N sgdiunlhydroxide solution to pH 12
and re-extracted with ethyl acetate. : rgani ¢ phase was washed with
brine, dried over sodiumsulfate and concentrated to give 300 ng of H

as a colorless oil. M5 199.2 (MtH)+. This am no conpound (300 ng, 1.51
nrol) in toluene (2 M) wasNrdgdooR a nmixture ofi,phesgeng (3 M of a 20%

phosgene in tol uene H,N NN, CO,H
H
Ve
— N
A ¢
0

5 a) 1- Naphthvimethvlisocvanate

\

A solution of phosgene (20% in toluene, 5 ml) was diluted with

toluene (10 ml). A mixture of 1-naphthalenemethylamine (500 ul, 3.41
mmol). triethylamine (0.95 ml, 6.82 mmol) in toluene (5 ml) was added
dropwise. The reaction mixture was heated at reflux overnight. The

10 mixture was cooled to room temperature, and the solvent was removed.
The residue was stirred with ether (50 ml) for 10 minutes and filtered.
The filtrate was concentrated to give the crude product which was purified
by flash chromatography (silica gel, methylene chloride) to give the desired
product (518 mg) as a colorless oil. IR 2260 cm-!,

15
b)

0
i
@— CHy~ O—C- |N

0
i t,___°02-CH{O)
@’CHZ_’O-C’%I lg/\/ "

)
1
3

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

20 0.30 mmol) was added dropwise to a -78°C solution of the benzyl ester
product from Example 1(c) (144 mg, 0.25) in tetrahydrofuran (3 ml). The
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15 solution) in toluene (2 mM). The m xture was heated at 80[err]C for 2
hours, followed by stirring at 110[err]C for 1 hour and stifl] .

80[ err] C oWeIM6EE. The mi xture was then evaporated in vac&éféﬁ%gﬁsél

resi due was suspended in ether and filtered. The eluents were concentrated
and co-evaporated with toluene to give the desired isocyanate as a brown

cst et pr oducHiIFFER EARHITEd BT S CoPrrighow 15 polan o daaBheutmpty
bi s(tr) met hyP §wé»3t§ra§%£n€8f’a@&%ﬁ%ﬁ?%glﬁ#oﬁ%f%ﬁ‘) Dapd0ed Thhuces and
the mxture Y@tidh middrewasRireéd he-70C frhotiddifions] 46 bfifufds. 'TRe S
i socyanate fromstep (a) (0.328 g, 0.145 mmol) in tetrahydrofuran (1.2 m)
was added ovesactiom was Quemhetdhﬁy tisnad dition AN petasaium thisuléated15 B[ er r ] C.
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 acetate/hexane) gave the desired product as a colorless oil (122 mg).

10 MS: M+H)* 756.1; IR (KBr) 1776 cm-}, 1732 cm'!, 1639 cm-1.
o
NH+CF3COOH (homochiral)

H
L g
-
o’ Y
0

A mixture of the product from step (b) (117 mg, 0.15 mmol), IN HCl

(170 ul, 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 (68 mg) which was purified by
reverse phase preparative HPLC as described in Example 1(e) to yield the

20 desired product (37 mg) as a white powder. MS (M+H)* 398.2, (M-H)-
396.4; IR (KBr) 1780 cm1, 1670 cm-!, 1541 cm-1.
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After 30 m nutes,
solution (10
phase was wa¥

$%1°h brine (1 x 15 m), dried over sodiuml

condensed to give a yellow oil (150 ng). Purification by flash
chromat ography (silica gel, 0 - 25% ethyl acetate/hexane) gave the desired
product as a pale yellow oil (50 ng). 798.1. (M+ H+, 796.3 (M- H;

(film 1776.6 cm'. 15 c) [err] 10%

wet type) was added to a solution of the product fromstep (b) (45 ny,

0. 056 mmol

)

bubbl ed through the sol utisrcfior 4 hours. The resulting m xture was

filtered through Celite yhi

The conbined el uents ¥eNe Fvapor at
(40 ng). Purification by reverse
nm using the 25 solvent system
product as a white solid (26 ng)° Ms 44). 2 (N +

(KBr) 1773

10

15

20

438.3 (M- H):

COOCH: {(homochiral)

I R

Following the procedure of Example 1 but substituting methyl-(S)-

(-)-2-1socyanato-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) 1769 cm-!, 1674 cm-}, and 1632
cm-: MS (M+H)* 420.1.

Example 16

NH.CF3;COOH

HoN N/\//z,,_ CO2H
H '
H {(homochiral)

Y o N
A

0 CH,CH;

a) R-(+)-1-Phenylpropvlisocvanate

A solution of phosgene (20% in toluene, 5 ml) was diluted with
toluene (10 ml). A mixture of R-(+)-1-phenylpropylamine (640 pl, 4.40
mmol), triethylamine (1.03 m}, 7.4 mmol)) in toluene (56 ml) was added
dropwise. Another 10 ml of toluene was added due to the difficulty of

stirring. The reaction mixture was heated at reflux for 2 hours. TLC

showed the completion of the reaction. The solvent was removed and the

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

-87-

the m xture was quenched with 0.5 N potassium bisulfate

m) and extracted with ethyl acetate (2 x 10 nm ani c
Rl bersprid

and

I R

on carbon catal yst (25 ny,
in 1, 4-dioxane (7 20 m) containing 1IN HO . Hydrogen gas was

thencpgpeat edly washed with 1,4-dioxane.
fh vVacuo to give a pale yellow glue
preparative HPLC (YMC ODS 30 x 250
(b n anpike 1(e) gave the desired



- 62- Sodi um bi s(trinethylsilyl)amde (1.0 Min tetrahydrofuran, 106

[err]1, O. 106 nnDI was added to a solution of the benzyl g
from 10 %c) (57.9 ng, 0.101 nmol) in dry tetrahyd?%ﬁ@?@%ﬁ

under nitrogen at -78[err]C. The reaction mxture was stirred at -78[err]C
for 1 hour and then 1-benzyl-2-phenet hyl isocyanate (35 ng, 0.147 mmol)

[ prepared as ri bed b Ander,son .et . al ri can. Pharm As , Vol .
41, p. 643- 6%8(6%@%8]"0 rutrated $o; give,the cryde Pﬁﬁge?tdﬁhm}i‘ﬁéa%%ﬁfe‘igym xt ur e

was 15 stir 0 ! nched by

t he additionﬂ)ag g)é%kﬁ#a%ﬁgéﬁl?.\a% m%%’?gf:h P%mégg§]%;€§1%?5?€e{y t he

addi tion of %irb&hct%‘@iabl@rleés Bi1)(410 s B 8b62 oe-Di phasi ¢ sol ution was
stirred vigorously while warming to roomtenperature. The organi c phase was

separated, dried over sodiumsulfate, filtered and concentrated to -63 -
5 b)

NH+CF3COCOH

HZNJL NN, CO2H
H I
S ﬁ {(homochiral)
Y

CH,CH;

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

cm-}, 1670 cm-1.

Example 17
15
NH » CF3COOH _
H,N 1}\11/\//, CO,H
l u (homochiral)

e

0]
(0]

a) 2-Naphthvimethvlisocvanate

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

was dissolved in acetone (15 ml) and cooled to 0°C. A solution of sodium
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| eave a bright yellow residue. "Purification by flash chromat ography (silica

gel, 0 - 20%ethyl acetate in hexane) gave the desired prod /184100
0.068 mmol ) WPARI )y 1776 cm'; MS 810.2 (MrH)', 808.4 (Mﬁl-".(’srbé gab?g

[err] Concentrated HO (20 [err]l. 0.24 mmol) was added to a sol ution of
the product fromstep (a) (54.8 ng, 0.068 mol) in dioxane (3 m) followed
by 10 10% pal | adi um on carbon catal yst (50 ). Hydrogen gas was bubbl ed
t hrough the re&@det0meytbommel) in Watex A9 gﬂm@%@dﬂ%e’l‘h@%@l@ﬁ R r e

was stirred under dr n,Qas. for 1. our s. e reactjyon mxture s then
filtered thr ouW@W@ggﬁeﬁWbﬁ? %%%@%‘iﬂé&%%%%ﬁ Wg?ﬁi%ﬂ‘guﬁef" i oxane
and three porti; te1y. ' t I I 0 give
a white powder -IEHI;ﬁ'rra ?éfrl cgg_tﬁﬁ%he%‘%%?g@f %’? ﬁv@éﬁﬁ%é‘l??gl\)e@gmﬁgﬁ@gp i’lﬁ%é[ hanol ,
wat er trifl uor aegesdparatdd)ivashed vt beiht edriéd apfl icbheediti-ated th6 mEsi r ed

product (21 mg). IR (KBr) 1776 cm'; M5 452.4 (M+ H', 450.4 (MH)-.
5 Chloroform (5 ml) was added to the residue. The resultant solution was
added to chloroform (10 ml) at 80°C dropwise. The mixture was heated at
reflux for 1 hour. The solvent was evaporated to give 680 mg of crude
product. Purification by chrométography (silica, methylene chloride) gave
342 mg of the desired product as a white solid. IR (neat) 2355 em-1, 2336

10 cm’l, 2267 cm-l.

b)
NH e« CF3COCH
H;N I1}11/\/ /’l;“ CO.H
- {homochiral)
Y
0

0
Following the procedure of Example 1 but substituting 2-

15 npaphthylmethylisocyanate for the benzyl isocyanate in step (d) followed by
the deprotction and work-up described in Example 1(e), the desired
product was obtained as a white fluffy powder. MS (M+H)* 398.1; IR (KBr)
1778 cm-1, 1541 cm1.

20 Example 18

NH«CF3COOH

HzN)L NN\, CO,H Q
H
Ve
- N
A ¢
o

3\
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- 64- [err] 5 a) 1- Napht hvl net hvl i soevanate A sol ution of phosgene
(20%in toluene. 5 m) was diluted with toluene (10 m). A §3@§,

1- napht hal WROMTHS| am ne (500 [err]l, 3.41 mol). triethyl am ne C m,
6.82 mmol) in toluene (5 M) was added dropwi se. The reaction m xture was
heated at reflux overnight. The 10 m xture was cool ed to room tenperature,

10 i nutes. and f 1 TOUERE thh roodure oE ERERIRS Aobht ?‘gtf%ﬁu @ge CEH ho crude ©

Chiori de) 1 oogy el iisbinyl 83 1hp VERTE! RUANAYe b b Mlomd®hT, 220

f g“r”]- 5 15 b) thedddprobctiontand ok tp ideytribed HEERAmMPlM (e, ﬂh@tde@ﬂ’.édr of uran, 300
product was obtained. IR (KBr) 1758 cm1; MS 424.1 M+H)", 422.3

l_l"

o

Example 19

NH+CF3COOH

s ngiis
x
—N\n’ a (homochiral)

> i
CH: N~—C-—C1l
a) @_ ’[2

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

N\

10

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

16 room temperature for 4 hours. The mixture was poured into 2N HC]
agueous 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
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20 0.30 mmol ) was added dropwise to a -78[err]C solution of the benzyl
ester product from Exanple 1(c) (144 ng, 0.25) in tetrahydr ).
The - 65 - WOMERIF e was stirred at -78[err]C for 1 hour. ?&r ts))l(l%r%mof
1- napht hyl net hyl - i socyanate (55 ng, 0.30 nmmol) in tetrahydrofuran (1 m )
was added. The reaction m xture was stirred at -78[err]C for an additi onal
40 mnutes. T reacti on was quenched by the addition of 1N potassium

bi sul fate (15 ). 5 The mxture was extracted with ethyl acetate (2 x 40
m). The organic |ayers werecgconbined and washed with brine (15 m), dried
over magnesi um s flltdlred and concentrated to give 185 ng of crude

product as a yel @me?? r| l atlon by chronat ograp@gm lica, 30 - 50%

ethyl acetate/h ne) gave“ desi red oduct G0 -8HE l ess oil (122 ny).
10 MBS (MeH) [ N *—-F732 cm=. 1639 cm'. c)
Y o

[err]
o] I \@

Triethylamine (42 pl), 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 days. Analytical
HPLC indicated the reaction was complete. The reaction was quenched by
the addition of 1N potassium bisulfate (15 ml). The mixture was

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

15

c)
NH+CF3COOH

H NJLN/\///, | COZH
2 H I
04 W 1\1 (homochizral)

A mixture of the product from step (b) (95 mg, 0.12 mmol), 1IN HCl

20 (145 pl), and 10% palladium on carbon catalyst (61 mg) in dioxane (3 ml)

was stirred under hydrogen atmosphere (hydrogen balloon) at room
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A m xture of
[err]l, 0O.17
(3 M) was ¥R

tenperature f

the product fromstep (b) (117 ng, 0.15 nmol), IN HA (170
nmnol pal | adi um on carbon catal yst (10% 50 ng% |rs1 dllsoxar]e 15
P92 under hydr ogen at nosphere (hydrogen bal l W%ﬁ’ FBom
or 1 hour. Analytical HPLC indicated the conpletion of the

reaction. The reaction mxture was filtered through a Celite cake and

concentrat ed

to give t rude pr.oduyct ). whi ch_was purified by
reverse phasetemrgﬁ%‘ﬁerfg%%m%saélﬂggé%&%ﬂaﬁn@@ﬁ?ﬁ theiyeartion Wase| d t he 20

desi red prody
IR (KBr) 1780

fomg1ae. Phe Fonchioll by B WS meeigy vhiSleh § erdom bk bmngs L g

the procedur ecodeftratsl ® divethe SRR prolhibt sk gg‘}lﬁt'x% péwdeér. Purification

(-)-2-isocyanat o- 3- phenyl propi onate for the

nzyl™ 1socyanate 1n s?}ép (d)

fol | owed by tieversephdsecHPRC asidgwhe solventl epsteibéshcribedia Bisn@lete) t he
desired product was obtai ned. IRéKBr) 1769 cm', 1674 cm'. and 1632

10

15

20

gives the desired product (36 mg) as a white powder. MS (M+H)* 438.1,

(M-H)  436.3; IR (KBr) 1786 cm1, 1672 cm-!.

Example 20
NH«CF3COOH
HZN N/\/ //['.‘ COZH l ) '
H 0 (homochiral)

N\

N I(!:‘ O—C(CH
o N\{(I\l ] (CH3) 3
o)

a)
— 0
(HC)COlcliN ‘\I'(I:Cl
3L 3= 0—C= N—C—=
N/

A mixture of tert-butylpiperizine carboxylate (1.0 g) and

triethylamine (753 pl) in methylene chloride (5 ml) was added to a

solution of diphosgene (326 pul, 20% in toluene) in methylene chloride at
0°C. The resultant mixture was stirred at 0°C for 90 minutes. TLC
showed completion of the reaction. The reaction was quenched by the
addition of water (20 ml). The organic layer was separated. The aqueous
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

-T2 -



cml; M5 (MtH)+ 420.1. 10 Exanple 16 [err] a)

R-(+)-1-Phenyl propylisocvanate 15 A sol ution of phosgene (20%. ne, 5
m) was dil u%’ég”éﬁp’%ﬁ toluene (10 m). A m xture of étll‘RJSBQ{ﬂ?l
R-(+) - 1- phenyl propyl am ne (640 [err].1, 4.40 mol ), triethylamne (1.03 nm,
7.4 mmol) in toluene (5 mM) was added dropw se. Another 10 ml of toluene
was added due to the diffjiculty of 20 stirring. The reaction m xture was
heated at refl B@%di42cMlrs. TLC showed the conpl etion of the reaction.
The sol vent was renoved and the residue was stirred with ether (50 m) for
10 m nutes and filtered. The - 67 - WD 99/ 67215

PCT/ US99/ 13811y,

0
O)—em—o-coy co0-ci—(0)
0]
“ J\ ll’h.‘
Q—croty oy ™

— N N yf O—C (CHjy)
N )3
0O

5 Sodium bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 180 ul,

2

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

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

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

cm!, 1640 cm-!,

20 ¢
NH s CF3COOH

HZNJL O~ CO.H |
H 0 {homochiral)
N lcl: 0—C (CH3)
A QW -
o)

\
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filtrate was concentrated to give the crude product which was purified by
flash chromat ography (silica, nethylene chloride) to yield Eﬁ?f‘ng'fJ”hed
product aV@¥ei2d¥ | ess oil (410 ng). IR 2262 cm'. 5 b) [erP Ow ng the
procedure of Exanple 1 but substituting R-(+)-1- -phenylpropyti socyanate for
t he benzyl isocyanate in step (d) followed by 10 the deprotection and

wor k-up described_in Exanple 1(e), the desired product was obtained. M
(M+H) + 376. 1, ( 2MEgprotestiop andpydipationygithenrodugtsfrompart (DEB2mEe: 17

oxcal y1 £l or PRGHRIPATS TieRroosfire P S0artbls LAY Y Erenttip feryPicat | aci
840 ,4.5?3@5 ' : i -t pEpg Ihi
En'xtu;rg was & |rr%f%%%ﬁlﬁfngg§g%}rgﬁ g\rkiﬁ? %anﬁ't&t Qg’fﬁ’r:]e sdlrl?}teﬁ'[ evvas o

renoved and (KBr) e90g9um-1d87dicasnl ved in acetone (15 m) and cooled to OC
A sol ution of sodium .

5
Example 21
NH.HC1
/\ /'(': (homochiral)
Y o N N~ ~N—C- (CH3)
O/ W \ ; H 373
0]

10 a)

(H3C) 3C—O0— l(IZ—N N—‘C—II\T{-—C (CH3)3
0]

Tert-butyl isocyanate (0.28 g, 2.82 mmol) was added to a solution of
a tert-butyl-1-piperazine carboxylate (0.5 g, 2.68 mmol) in methylene
chloride (10 ml) and the mixture was stirred at room temperature. After 2

15 hours, the reaction mixture was evaporated in vacuo, suspended in water

(50 ml) and extracted with ethyl acetate (2 x 50 ml). The organic phase
was washed with saturated sodium chloride (1 x 50 ml) and filtered
through a sintered glass funnel. The filtrate was dried over sodium sulfate

and condensed to give 0.53 g of the desired product as a white solid..
20 b)

HN NIClTN C(CH3)
\ ; H 373
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- 68 - azide (700 ng, 11 mmol) in water (10 m) was added. The reaction
m Xure was g or 30 mnutes at 5[err]C and was then popEprissonisfild-

m xt ure of ?‘%89%?%% (30 M), ether (40 m), and hexane (40 nﬁ? The .
organi ¢ phase was separated, washed with brine, dried and concentrated to 5
m. 5 Chloroform (5 m) was added to the residue. The resultant sol ution

dded t hl or of@rm.( 10 at rJ.C dr i S€., The m xt Was
hoatad ot 1ot lux i ofhe Bredfet Bm HarP 0D e & 100 RS IS sTRCAIRAN S, of
d duct . bid ' Y ri de
Cve 302 my of SvipRAARON SV ATPLAGRARIYU A (oIS dRe offe 27 1°)

2336 10 cm |, 2@imatenThe olixtyrerwds stidredat Reorh Rempentaskir Aftef 1Fhocanptle | but
substituting 2- 15 naphthyl nethylisocyanate for the benzyl isocyanate in
step (d) foll omegtyne was evaporated in vacuo. The residue was dissolved in water, the

5 pH adjusted to 12 - 13 and extracted into ethyl acetate (2 x 25 ml). The
organic phase was washed with saturated sodium chloride (1 x 50 ml),
filtered, dried over sodium sulfate, and condensed to obtain 0.113 g of the

desired product as a white solid.

)

i
il /L iy,
@-—CHTO—C-IEI g/\/ l 0
)\E--—C {CH3) 3

. d N N
0 —/
10 0

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

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

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

20 phosphate (15 ml) and extracted with ethyl acetate (2 x 20 ml). The
organic phase was washed with saturated sodium chloride (1 x 30 ml),
dried over sodium sulfate, and concentrated to obtain a pale yellow oil.
Purification by preparative HPLC (reverse phase, methanol, water,

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, 1636.6 cm-1.
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t he deprotction and work-up described in Exanple 1(e), the desired product

was obtained as a white fluffy powder. M5 (MtH)' 398.1; IR .cm1l,
1541 cm ' . WO@9I67215 Exampl e 18 [err] 1{6&2\5@99&3%?

Fol l owi ng the procedure of Exanple 1, but substituting 4-

| socyanat onet hyl bi phenyl for the benzyl isocyanate in step (d) followed by

the deprotection and work-up described in Exanple 1(e), the desired product

was obtained. IR (KBr) 1758 cm'; M 424.1 (MtH)', 422.3 5 (MH . Exanple

19 [err] A sqjution of di phosgene (680 [err]l, 5.7 mmwl) in toluene (5 )

was added to 3 m xture of dibenzylamne (2.0 g, 9.8 mml) and triethyl am ne
NHeHC1

/, CO H
HZN NN ".‘ 2 "

— N—C(CH3)
A QWA B
0

5 A solution of the product from part (c) (25 mg, 0.032 mmol) in 1,4-
dioxane (7 ml) was treated with 1N HCI (40 pl, 0.038 mmol) and 10%

palladium on carbon catalyst (15 mg). Hydrogen gas was bubbled tﬂi‘bugh
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 15 mg of the desired product as
a white lyophillate. MS 426.1 (M+H)*, 424.3
M - H)"; IR (KBr) 1780 cm-!.

Example 22

15
NHeHC1l
L]
/ \ C (CHsz)
F— N N/C\/ 3)3
o) \__/ (homochiral)
o]
a)
O
) . 0
(H3C) c#—o—-g N g CH,—C (CH3)
3C)3 —N —C=CHx™ 373
_ 20
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(2.2 M. 8 mmol) in toluene (15 mM). The resultant m xture was stirred at
15 room tenper for 4 hours. The m xture was poured i ntg2diosletsiy -
aqueous sol 5?53&37%% m) and extracted with ethyl acetate (3 x 50 m ). The
organi c |l ayers were conbi ned, dried over magnesi um sul fate and concentrat ed
to give 2.60 g of the desired product as a white solid. IR (filnm 1731

cm'. 20 - 70 - ertl..Irigth L ne .err
4-di met hyl am nl opyr‘{&c‘f’l0 ;1 m{%ﬂpﬁéﬁ’%&% -%fpgg#ﬁé 8%4%1“ Pﬁ% (%grgoghsosylpn%:w ori de
fromstep (a) {n/RefByleRe 3RIGHI (b hl) wad®olbd R CC NN ISiRopropil) Vere added
to a solution of the benzyl ester product from Exanple I(c) (116 ng, 0.20
mol ) in met hybthydamihe(0.42 g 3.28 phmolhendri-dimethylaminspyridide 30 m@dm
tenperature for 3 days. Analytical HPLC indicated the reaction was
conpl ete. The wewe aﬁéed,vfaﬂmqe@hg el adgition of tert-butyl acetyl chloride (0.36 g,
5 2.68 mmol) over 1 minute. The mixture was stirred at 0°C for 2 hours.

After two hours, the mixture was partitioned between water (20 ml) and

ethyl acetate (2 x 20 ml). The organic layer was washed with brine (1 x 75

ml), dried over sodium sulfate and condensed to give 0.763 g of the desired

product as a white solid. MS 285.0 (M + H)*.

10 b)
0
/ \ i
HN\_/N— C—~CH,—C(CH;3)3
The product from part {(a) (0.7 g, 2.46 mmol) was dissolved in
methylene chloride (7 m!) and trifluoroacetic acid (4 ml) was added over 1
minute. The mixture was stirred at room temperature. After 1 hour, the
15 mixture was evaporated in vacuo. The residue was dissolved in water, the
pH was adjusted to 12 - 13 and extracted with ethyl acetate. The organic
phase was washed with brine, dried over sodium sulfate and condensed to

give 0.218 g of the desired product as a pale yellow oil. MS 184.9 (M + H)".
c)

P~ 7

Cl—C— N—C~CH,—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 mi of
20% phosgene in toluene solution, 1.48 mmol) in methylene chloride (2 ml)
at 0°C followed by the addition of triethylamine (82 pl, 0.59 mmol). The

25 mixture was stirred at 0°C for 1 hour. The reaction mixture was then
partitioned between water (25 ml) and ethyl acetate (2 x 25 ml). The
organic phase was washed with 1N HCI (40 ml), brine (50 ml), dried over

-7 -



the addition of i N potassiumbisulfate (15 m). TheI m xt ure was ﬁod .
extracted with ethyl acetate (100 ml). The organic | ayer was washed w t
brine (15 ﬁ‘(‘??”ﬁ?}%d over nmagnesi um sul fate, and concentrat EGT 399&39{3 t he
crude product: Purifiation by flash chromat ography (30% et hyl

acet at e/ hexane) gave the desired product (95 ng). M5 (MtrH + 796.1, (M H)
794.4; IR (film 1785 cml, 1732 cml, 1671 cm', 1639 cml. 15 c) [err]
m xture of t igediwnsulfate m&rf:m@nsed)togy& arbm\mzbﬂ. rﬂ‘l;mﬁcatéqn lr_i:ﬂaﬁl?B Eﬂ 1)45
[err]l), and 10% pal | adj um.on car ho talyst (61 _pg) in dioxane was
St1 11 et unde RGURBHEAPLY (HSh Erle Oc APt BLuT Asatateblnkane) setoni0 maot
tenperature g d%sﬂ@&ﬁﬁod\fé@.al ytical HPLC indicated the reaction was

conplete. The reaction mxture was filtered through a Celiteie cake and
d)

A.

0
!

@—cnz—o—c-lN
~ 0

it /L I, COZ‘CHZ—@
@_CHZ—O—C-g {?/\/ —r

o N N
T \-/Y\c:(cnm
0]

The product from part (c) (70 mg, 0.122 mmol) was dissolved in

O/

tetrahydrofuran (1 ml) and cooled to -78°C. Sodium bis
(trimethylsilyl)amide (0.15 ml, 0.146 mmol}) was added over one minute
and the mixture was stirred at -78°C for 1 hour. A solution of the benzyl
10  ester product from Example 1(c) (36 mg, 0.146 mmol) in tetrahydrofuran
(0.5 ml) was added and the reaction mixture was stirred at -78°C. After
2.5 hours, the reaction mixture was quenched with 0.5 N potassium
bisulfate solution (25 ml) and extracted with ethyl acetate (2 x 25 ml).
The organic phase was washed with brine (1 x 50 ml), dried over sodium
15  sulfate and concentrated to a yellow oil. Purification by preparative HPLC
(reverse phase, methanol, water, trifluoroacetic acid) gave 21 mg of the

desired product as a colorless oil. MS 783.4 (M + H)*, 781.3 (M - H)".

e)
NHeHCL
HaN %]/\//,,,._rCOZH o (homochiral)
— N \~C~—Cl(CHs) s
o R/
20 o]

.78 .



concentrated to give the crude product as a white powder. Purification by
reverse phase HPLg usi ng the solvent system described in ExagRhmsedissi 5

gi ves the RESE | lﬁroduct (36 ng) as a white powder. MS (MV+H) + 438..1,
(MH)- 436.3; IR (KBr) 1786 cm', 1672 cm'. Exanple 20 NH CF3COCH [err] A
m xture of tert-butyl piperizine carboxylate (1.0 g) and 15 triethyl am ne

(753 [err]l) in net | Lut Lon of

di phosgene (326 [er?}{%w%&?ﬁég?ﬁé@%@#n@%‘f@%@%ﬁ@ﬁ oge:&d‘gég Oferr]C
The resultant ghadribed iVaBxathplerA¢dRo Ab€N2 ke 60theUbsiFed Product dsa wigaed
conpletion of the reaction. The reaction was quenched by the addition of
water (20 ml). lybphilategaMS 425 Mrify, 4208 1(ht <H) ; IREKBx)2 586, 1136 dmryer was
extracted with nmethylene chloride (2 x 20 m. The organic | ayers were
conbi ned and washed with water (10 m) and brine (2 x 10 m ), dried over
magnesi um syl fate, filtered and concegfrat e1 gi ve the crude product. .
Purification by flash chromatography chl oride) provided 913 ny
of the desired product as a white solid. IR (KBr) 1680

NH+CF3;COOH

AN, CO3H
BN N —T o (homochiral)

| /|l
o7 “\'( N N—C—(CH);
0

. 0 -
(HC)CO!:IZ' N@ {CH)“@
3L)3L=0—L~ — L= 212
10 I\_/ :

N,N-Diisopropylethylamine (560 pl), 4-dimethylaminopyridine (33
mg) and a solution of 3-phenylpropanoic acid chloride (400 1, 2.69 mmol)
in methylene chloride (2 ml) were added to a 0°C solution of tert-butyl-1-

15  piperazine carboxylate (500 mg, 2.68 mmol) in methylene chloride (4 ml).
The mixture was stirred at 0°C for 2 hours. The reaction was quenched
with the addition of water (20 m]). 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)

@—(CH) '2?) N NHeCF3COOH
22— Ly
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- 72 - [[err] 5 Sodi um bi s(trinmethylsilyl)amde (1.0 Min
tetrahydrofuran, 180 [err]l, 0.18 mmpl) was added dropw se 5 rr]C
sol uti on oWOME™Hénzyl ester product of Exanple 1(c) (85 ngl?%ggzr%gl) in
tetrahydrofuran (3 m). The m xture was stirred at -78[err]C for 90

m nutes. A solution of the acid chloride product frompart (a) (45 ng, 0.18
nmml) in tetrahydrofuran (1 10 mM) was added. The reaction m xture was
stirred at -78[err]C for 5 hours. The reaction was quenched by the addition

of IN potassium bi[?ﬁli&rﬁfer‘é of 1Be Btude Ji¥ault FoHl FaMas) @O0 At 2@8thidslet hy!

acetate (3 x 30 m organi c | ayers were conbl hed and washed wth brine

(2 x 15 M), teifluwsosvetic aoid) (EG ml)mad nethglenel dhleridel (Fthly wiag atirfead &6 t 0
give the crude product. 15 Purification by flash chromatography (30 - 50%
et hyl acet at echextemperptureifaed Burnld? showeditha ras¢tionovascomplete.cBher | ess

oil. M ( Ml_i)slolvl%% 'v;lzis ée%tl)_w?e_d a?r?g '1KI' soldliquxgxr}?yaél)om Z8s%h(1:t%r|1 ’(1& IZS)ZW(;Q} oo 1681
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.

10 IR(film) 1633 cm-!l.

c)
o) 0
7\ 1
@—(cnz)z-—c—m N—C—Cl
__/

A mixture of the product from part (b) (200 mg, 0.92 mmol) and

15 triethylamine (154 pul) in methylene chloride (4 ml) was added to a
solution of phosgene in toluene (584 ul. 20%) at 0°C. The resulting
mixture was stirred at 0°C for 20 minutes. TLC showed the completion of
the reaction. The solvent was removed, and anhvdrous ether (50 ml) was
added. The mixture was filtered and the filtrate was concentrated to give

20 the crude product as a yellow oil. Purification of the crude product by flash
chromatography (50% ethyl acetate/hexanes) provided 235 mg of the
desired product as a yellow oil. IR(film) 1741 cm!, 1703

cm-l.
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cml, 1640 cm'. 20 c) [err] - 73 - Deprotection and purification of the

product frompart (b) (32 ng) according to the procedure of W&é?(-c)
gives 17 mg W 9?/ﬁ7égﬁesi red product as a white fluffy powder. M+H).

427.1, (MH) 425.2; IR (KBrf) 1792 cm', 1670 cm'. 5 Exanple 21 [err]
Tert-butyl isocyanate (0.28 g, 2.82 mmol) was added to a solution of a
tert-butyl-| -ﬁq’iperazi ne carboxylate (0.5 g, 2.68 mmol) in nethyl ene

chl oride (10 )) and the m xture was stirred at roomtenperature. After 2
15 hours, the reaction m ure was evaporated in, vacuo, suspended in

wat er i
@-eno-by .
@]
I /L I, CO,~CH;
@—CHz-O—C-Ig 1;{1/\/'—{
| 7\ #
04 1\(1\7 N-—C=—(CH) 2
5 |
0]

Sodium bis(trimethylsilyl}azide (1.0M in tetrahydrofuran, 210 pl,
0.21 mmol) was added dropwise to a -78°C solution of the benzyl ester
5 product from Example 1(c) (100 mg, 0.17 mmol) in tetrahydrofuran (2 ml).

The mixture was stirred at -78°C for 1 hour. A solution of the product
from part (c) (58 mg, 0.21 mmol) in tetrahydrofuran (1 ml) was added. The
reaction mixture was stirred at -78°C for 2.5 hours. Analytical HPLC
indicated that the starting 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)* 817.1, (M-H)" 815.4.

e)
NH+ CF3COOH
AN, COyH
LN o —( 0 (homochiral)
| /|l
04 N\“/N N—C—(CHz)z—@
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

.81-



(50 M) and extracted with ethyl acetate (2 x 50 m). The organi c phase was

washed with saturated sodiumchloride (1 x 50 m) and filt h a
sintered gV@96Tfnel . The filtrate was dried over sodium ?ﬁ%éfgg[lg#g

condensed to give 0.53 g of the desired product as a white solid. 20 b)
[err] -74 - The product frompart (a) (0.475 g, 1.67 mmol) was suspended
i n nmethylene ¢hloride ( L tr1 Ll goroaceti c_ach ) S ded over
1 mnute. Th@’%’ﬁ%(?%‘?’ e&%&\fl?ﬁgd‘iﬁaé&ﬁl ﬁ&&g@éiﬁ%&&%ﬂ&%ﬁ t he

m xture was ?&aiporat ed in vacuo. The residue was dissolved in water, the 5
pH adj usted U0 12 - 13 and extracted into ethyl acetate (2 x 25 ml). The
organi ¢ phase was washed with saturated sodiumchloride (1 x 50 m),

filtered, dried over sodiumsulfate, and condensed to obtain 0.113 g of the
desired product as a white solid. Exzample 24

i .
NH-HC1
HZNJL g/\/ ,'l"_'rCOZH /ﬁ’\
| N~ ~OCH;
04—-—1\1\(]/1\1\) (homochiral)
o

(H3C) 3C— O-—PZ—N/——\N-E-—OCH3
N/
10 '
A solution of tert-butyl-1-piperazine carboxylate (0.5 g, 2.68 mmol)
in methylene chloride (5 ml) was cooled to 0°C. N,N-
Diisopropylethylamine (0.42 g, 3.22 mmol) and 4-dimethylaminopyridine
(30 mg) were added, followed by addition of methyl chloroformate (0.25 g,
15 2.69 mmol) over 1 minute. The mixture was stirred at 0°C for 1 hour. The
mixture was partitioned between water (20 ml) and ethyl acetate (2 x 20
ml). The organic phase was washed with brine (1 x 75 ml), dried over

sodium sulfate and condensed to give the desired product as a cream

colored solid (0.636 g).
20
b)
HN N EO!_‘ OCH
_/ :

The product from part (a) (0.3 g, 1.23 mmol) was dissolved in
methylene chloride (3 ml) and cooled to 0°C. Trifluoroacetic acid (3 ml)

-82 -



c) [err] A solution of the benzyl ester product from Exanple 1(c) (65 ng,
0.114 nmol) in nethyl ene chloride (1 m) was cooled to -10[er, :
triethylam nqu%ﬁ%férr] |., 0.17 nmmol) was added, followed by P!t’c}]%.gjsg%g!lsﬂ on

of 20% phosgene in toluene (0.15 m, 0.285 mml). After 90 minutes at 15
-10[err]C, the m xture was evaporated in vacuo. The residue was taken up in

T
product from pgpl 1%§ The Wict (e lvh4s N évgggﬁ{tﬁg?f&#{lﬁb- B ?ésh{xgee\gaét

-10[err] C. After the mxture was nonobasi ¢
potassium 20  @EbIRIEwhid?, tHe pHHjeted 36 12d 18 with® NsodAth thyideoxide X 20
m ). The organi c phase was washed with saturated sodiumchloride (1 x 30
m ), dried overambeiktuacted Wit ethyhadetavercThe pegamic phaseiwas washedethyel | ow
oil. Purification by preparative HPLC (reverse phase, nethanol, water,

trifluoroacét i doraes.diriegaver sodivgn sulfatecantbandensqst wokive 9sme ofvihe desixedm 25
VB 784. 2 (MeH) 45 d Roifd piduct B (glin) 1688.2%m IS L onvrry 7 -

c)
o o
Cl— |(‘:—N N— ?:—- OCH;
./

10 A mixture of the product from part (b) (89 mg, 0.617 mmol) and
triethylamine (86 pl, 0.59 mmol) in methylene chloride (2 ml) was added
to a mixture of phosgene (0.82 ml of a 20% phosgene in toluene solution,
1.54 mmol). The mixture was stirred at 0°C for 1 hour. The reaction
mixture was then partitioned between water (25 ml) and ethyl acetate (2 x

15 25 ml). The organic phase was washed with 1N HCI (40 ml), brine (50 ml),
dried over sodium sulfate and concentrated to give 108 mg of the desired

product as a brown oil. IR (film) 1738.8, 1704.7 cm-1.

d)
0

]
@— CHp—0O0—C-N CO, “CH2—< : :>
i') /IL A~ .
@— CHy—0—C-N N
H H
.

20 0 o)

The benzyl ester product from Example 1(c) (111 mg, 0.194 mmol)
was dissolved in tetrahydrofuran (2 ml) and cooled to -78°C. Sodium

bis(trimethylsilyhamide (0.23 ml, 0.234 mmol) was added over 1 minute

. 83.-



d [er]r] 5 A solution of the product frompart (c) (25 ng, 0.032
mml) in 1,4- dioxane (7 mM) was treated with 1IN HO (40 [ 8.
mmol ) and WA adi um on carbon catal yst (15 ng). Hydrogglflél]éélss”a%@?
bubbl ed through the mixture for 2 hours. The reaction nixture was filtered
through a pad of Celite which was then repeatedly washed with 1, 4-di oxane.

The 10 conbined _eluents were | yophili zoed to_give 15 ng of the desired
product as a amd the mixspm weasstirregsau J8°¢ foni goar. fosplytipwyof thy product kpr )

1780 em " E@oqglpearg %c) ](KE'S [negr, 0234 1116131161) in tetrahydrofuran (1 ml) was added and
the reaction mixture was stirred at -78°C. After 1 hour, the mixture was
quenched with 0.5 N potassium bisulfate solution (25 ml) and extracted

5 with ethyl acetate (2 x 25 ml). The organic phase was washed with brine
(1 x 50 ml), dried over sodium sulfate and concentrated to give a pale
yellow oil. Purification by preparative HPLC (reverse phase, methanol,
water, trifluoroacetic acid) gavé 25 mg of the desired product as a colorless

" oiVfoam. MS 743.1 (M+H)*, 741.4 M - H)"; IR(film) 1786.6 cm-!.
10

e)
NHeHC1

N 0
%, CO-H
HN” TN ___l» 2
H /”\ OCH3
04"‘—1\7\"/1\?\) (homochiral)

Deprotection of the product from part (d) (22 mg, 0.027 mmol) and
15 work-up as described in Example 21(d) gave 12 mg of the desired product
as a white lyophilate. MS 385.1 (M+H)*, 383.2 (M-H)-; IR(film) 1786 cm-1.

Example 25
NHeHC1
il
/ \ _C
7 I\]/N N~ "~ 0—(CH2)3
— (homochiral)
20 0
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A solution of tert-butyl-1-piperazine carboxylate (0.5 g, 2.58 mol) in

nethylene ch
(0.42 g,

- di met hyl am nopyridi ne (30 ng) were added,

fol |l oned by the addition of tert-butyl acetyl chloride (0.36 g, 5 2. 68

nmol ) over

two hours, the

acetate (2 x 28

I Xxture was partitioned between water (20 m) and et hyl

dried over sodium sul fatg and condense 0 g| ve 0.763 g of the desired

product as a white s I|dll M5 2
(a) (0.7 g, 2.46 %7

s ss%ﬁ%@d thyI ene chloride (7 m) and

trifluoroacetic acid (4 rﬂ) was added over 1 minute. The m xture was

stirred at
i n vacuo.

13 and extracted w t3aPhemylt1-propaawk(1.0% 6, 7>Bganm@1)ma%admtwvamwrm0€h
dried over sodi Lilof% g} a}rlld condense

bri ne,

10

15

20

25

phosgene phosgene 1n tcﬁuene solution, 11.01 mmol) in
methylene chloride (5 ml) at 0°C. The mixture was stirred at 0°C for 6
hours. The reaction mixture wés evaporated in vacuo to give a colorless oil.
Purification by flash column chromatography (silica gel, 0 - 5% ethyl

acetate/Hexane gave 1.33 g of the desired product.

b)

0

(HAC) i—C— O—C— N N@O(CH)—@

H3C) 3——C—O0—C— —C-0—(CHz) 3
n_/

A solution of tert-butyl-1-piperazine carboxylate (0.2, 1.07 mmol) in
methylene chloride (3 ml) was cooled to 0°C. N,N-Diisapropylethylamine
(0.25 g, 1.93 mmol) and 4-dimethylaminopyridine (5 - 7 crystals) were
added, followed by addition of a solution of the product from part (a) (0.2 g,
1.07 mmol) over 1 minute. The mixture was stirred at 0°C for 1 hour. The
mixture was then partitioned betweeen water (20 ml) and ethyl acetate (2
x 20 ml). The organic layer was washed with brine (1 x 75 ml), dried over
sodium sulfate and concentrated to give 0.35 g of the desired product as a

yellow oil.

/0
Hl\\__/N— C-0— (CHz) 3

The product from part (b) (0.35 g, 1.038 mmol) was dissolved in
methylene chloride (4 ml) and cooled to 0°C. Trifluoroacetic acid (4 ml)

-85 -

W?&S m) was cooled to O[err]C. NN-Di i soproggrnses/fugiam ne
and 4

1 mnute. The m xture was stirred at O[err]C for 2 hours. After
m ). The organic | ayer was washed with brine (1 x 75 m),

10 b) The product from part

roomtenperature. After 1 hour, the 15 mxture was evaporated
The residue was di ssolved in water the pH was adjusted to 12



give 0.218 g of the desired product as a pale yellowoil. M5 184.9 (M+
H +. A solution of the product frompart (b) (109 ng, 0.59
met hyl ene WRPHFI2® (0.5 nl) was added to a mi xture of phosgear s?%fd?gl m of
20% phosgene in toluene solution, 1.48 nmol) in nethylene chloride (2 nl)
at O[err]C followed by the addition of triethylamne (82 [err]l, 0.59
nmmol ). The 25 H‘igﬁure was Stll’ at &trr]Cfor 1 hour. The reaction

m xture was Waea ﬂ PYerl)H’éHuB’e% e(vwwymaﬁm&w acetate (2 x

25 m). Th m 50 m

dri ed) overe 35 anlg‘n% %?ﬁ%%%@sfgggﬂdﬁgg E d&? t}ng%/%vagaos?% "oil . i
Purificationydyyef "ﬁ%‘ré&ﬁﬂ%&@ﬁiﬁ@ﬁ%dﬁﬁ'&iﬁ? ! pHvas sfiUatidy'12 - 13

acet at e/ Hexane) gave 70 ng of the desired product. d) The product from part

(c) (70 np, ¥siAgd Nsoljumhydeixide hud@xtractel withysthol acetate( Thd drgamic cool ed
to -78[err] C.. Sodi um bi s
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)
0O
—t—m{ N i (C >—@
~C— —C-0—(CH
10 \—/ 2/3

A solution of the product from part (c) (100 mg, 0.403 mmol) in
methylene chloride (1 ml) was added to a mixture of phpsgene (0.53mlofa
20% phosgene in toluene solution, 1.01 mmol) followed by the addition of
15 triethylamine (60 ul, 0.403 mmol). The mixture was stirred at 0°C for 1

hour. The reaction mixture was then partitioned between water (25 ml)
and ethyl acetate (2 x 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)

i
(©)—cm—o-c-y c0,-ci;—(O)

<::>—cnz—o—2 N/I[\ T _—( 0
? I\HI/CN_Q-O—(CH” 3"@
o

A solution of the benzyl ester product from Example 1(c) (43 mg,

OQ.

0.075 mmol) in methylene chloride (1 ml) was cooled to 0°C and

- 86 -



(trlrrethyIsHyI)am de (0 15 m, 0.146 nmol) was added over one m nute and

the m xture%ﬁg ?,}z#éred at -78[err] C for 1 hour. A solution gdri&enignzyl
ester pr i om Exanmpl e 1(c) (36 ng, 0.146. mmol) in tetrahydrofuran

(0 5 mM) was added and the reaction mxture was stirred at -78[err]C. After
2.5 hours, the reaction m xture was quenched with 0.5 N potassium bisulfate

ohase v wasEREAARIBPI(RL ot O il and ChmThrasbimpariakie G ot o and
concentr at ed tc?y&a)’s?ue%’a(aﬁhi B bti6R ot Bk AafteRsh Yty BEmE Bl ©T o8

phase, nethano tri oroace i C acli desi red

product as a GRkfHyl&sSciliblide P(@:ﬂxﬁﬁ wad Mdedind tﬂ&aan&uw/bvasl@me&ht becr] -
78 - The product from part was deprotected and worked-up as
described in E‘nn#blmn&tésdﬁoﬁbw@byesﬁkﬁmt&bommemsamd for dtoots.dFha white
5 mixture was then evaporated in vacuo. Purification of the residue by flash
celumn chromatography (silica gel, 30% ethyl acetate/hexane) 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-!,

)
NHeHC1
0
l

HZNJL N/\/ //,'. COyH
l

04 Nﬁr 2/3

0 (homochiral)

Deprotection of the product from part (e) (40 mg, 0.027 mmol) and
work-up as described in Example 21(d) gave 21 mg of the desired product
as a white lyophilate. MS 489.1 M + H)*, 487.4 (M - H)-; IR (KBr) 1784,

15 1667 cm L.

Example 26

NH-HC1
HoN N/\/ ,/I," COH
H
l /\ (homochiral)
Y e NHeHC1
O G
o]

20
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| yophilate. M5 425.1 (M+H)+, 423.3 (M - H)(5|6(|§ EKBr%I)1786, 1736 cm[err] 5
Exanple 23 _[err] N N Diisopropyl et hyl am ne err , .
4-dirmrret hyl e %51 dine (33 ng) and a sol ution of 3-phenyl pFSB’Hﬁ%“(‘E“Qc. d
chloride (400 ,[err]l, 2.69 mml) in nethylene chloride (2 m) were added
to a O[err]C solution of tert-butyl-1- 15 piperazine carboxylate (500 nyg,
2.68 mmol) in nethylene chloride (4 m). The m xture was stirred at O[err]C
for 2 hours.®he reaction was quenched with the addition of water (20 nl) .
The m xture was extracted with ethyl agptate (2 X go m). The organic

| ayers were conbined and washed wi th bri ne £Z7x 104m ), dired over

magnesi um sul fate, and conldif? par€a oty 20 MFeCmflof the desired
product (crude) as a yellow solid. M5 (MtH) 9.1. b) [err] - 79 -

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 0°C. Triethylamine (0.27 g, 6.71 mmol) was then added and the
mixture was stirred at 0°C for 1 hour. The mixture was then partitioned
between water (30 ml) and ethyl acetate (2 x 30 ml). The organic layer was
10  washed with brine (1 x 60 ml), dried over sodium sulfate and condensed to
give crude product. Purification of the crude product by flash
chromatography (silica gel, 40% ethyl acetate/hexane) gave 0.515 g of the
desired product as a white solid. IR (film) 1737.6. 1697.0 cm-!.

15 b)

i
@_ CHa— %— C-IN COz-CHz—‘@
] /l\ Ilh.‘
@_CHTO—C-N vl | 0
. ) ’ p: O0— (CH3)
N N——C=—0—(CH3)3
I\\'/ \—/

0

N

A solution of the benzyl ester product from Example 1(c) (47 mg,
0.082 mmol).in methylene chloride (1 ml) was cooled to 0°C and
20 triethylamine (12 mg, 0.123 mmol) and 4-dimethylaminopyridine (6-8
crystals) were added. A solution of the product from part (a) (51 mg) in
methylene chloride (1 ml) was added and the mixture was stirred at 0°C
for 40 minutes followed by stirring at room temperature for 4 - 5 hours.

The mixture was then evaporated in vacuo. Purification of the residue by
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A m xture of the crude product frompart (a) (860 ng, 2.68 mmol),
trifluoroacetic acid (10 m) and nethylene chloride (10 nm) §§9y1§§19d at
room t enper ay @6 37 1 hour. TLC showed the reaction was conplete.

sol vent was renoved and | N sodi um hydroxi de sol ution (15 rr1) was added The
m xture was extracted with ethyl acetate (100 ml). The conbi ned organic

sol ution was shed. wi bri m ) ., dEd.ed over i Ift
filtered and \(lz\ﬁﬁ%}bdlﬁ 5@%}8 q&@é‘ ir%;’ %(#feﬁléy c?é’gﬁg@l%%'g%@# ﬁﬁgyel | ow
oi | whi ch was Hﬁﬁﬁd&sﬂéﬂtﬁroﬁuétt{ﬁ chBfledd &@thvséQ @Al?(}fé;»rI 783 4GREEY™ ' .
[err] A mxture of the product frompart (b) (20 2 mmol ) and 15
triethylamne (154 [err]l) in nmethylene chi orlde (4 m) was added to a

sol ution of phosgene in toluene (584 [err]l. 20% at err]C The resulting
mxture was stérred at O[err]C for 20 minutes. TLC showed the conpl etion of
the reaction. The solvent was,renoved. and anhydrous ether (50 m) was .
added. The m xtur@-was filterjpd and the filtrate vvas concentrated to give

20 the crude pr @HaOpetddow oi |l . Purific crude product by
fl ash chronmat ogr aptly (50%e®hy|/]l\acet\at/e/,hexan prow 235 ng of the
CI—I'rO—C—H
04 N NI-I *CF3COOH

5 O
The product from part (b) (40 mg, 0.051 mmol) was dissolved in
methylene chloride (1 ml) and cooled to 0°C. Trifluoroacetic acid (1 ml)
was added over 1 minute and the mixture was warmed to room
temperature and stirred for 1 hour. The mixture was then evaporated in
10 vacuo to give the desired product as a yellow oil which was used in the next

step without further purification. MS 685.1 (M + H)*, 683.3 (M - H)".

d)
NH.HC1

HoN N/\/ //,,_‘ COzH
H
l {homochiral)

-—N\[r NH HC1
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
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desired product as a yellowoil. IR(film 1741 cm', 1703 cm'. - 80 -
Sodi um bi s(trinethylsilyl)azide (10Min tetrahydrofuran, 2#%}{1&%&%:38}10' 21
mol ) was WOPEHPopwi se to a -78[err]C solution of the be er. 5
product from Exanple 1(c) (100 ng, 0.17 mmol) in tetrahydrofuran (2 m). ..
The m xture was stirred at -78[err]C for 1 hour. A solution of the product
frompart (c) (58 ng, 0.21 mmol) in_tetrahydrofuran (1 m) was added. The
reaction mxture was stirred at -78 7 2.5 hours. Analytical HPLC
indicated that the starting material was not conpletely consuned. This 10
was quenched with the addition of |IN potassiumbisulfate (20 m). The:

m xture was extracted migigcet hyl acetate (2 x 30 m). The organic |ayers
wer e conmbi ned and washid 'th,,brine ((:81-3( 15 m) dried (magnesium sul fate),
filtered and concerifNat &ff 0 g ec

rude produgt. Purification of the
crude product by reverse phase I—lPL prov/i—el-e\d SZ‘Of t he desired

s N\
o) N\(rl\_/ O”%\O (homochiral)
o]

AN

o
m /\
(HyC)3=—C—0—C—=N  N~—SO0,

A solution of tert-butyl-1-piperazine carboxylate (0.2 g, 1.07 mmol)

in methylene chloride (2 ml) was cooled to 0°C. N,N-
diisopropylethylamine (0.167 g, 1.28 mmol) and 4-dimethylami'nopyride

10 (30 mg) were added, followed by addition of benzenesulfonyl chloride (0.19
g, 1.07 mmol) over 1 minute. The mixture ws stirred at 0°C for 2 hours.
After two hours, water (20 ml) was added to the mixture and extraced with
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)
HN  N—S0 ——@
/s

The product from part (a) (0.35 g, 1.07 mmol) was dissolved in
20 methylene chloride (3 ml) and cooled to 0°C. Trifluoroacetic acid (3 ml)
was added over 1 minute and the mixture was warmed to room
temperature and stirred for 1 hour. The mixture was then evaporated in
vacuo. The residue was dissolved in water, the pH adjusted to 12 - 13

using 6 N sodium hydroxide and extracted with ethyl acetate. The organic
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15 product as a colorless oil. M5 (MtH)+ 817.1, (MH- 815.4. e) [err] 20
Deprotectio i fication of the product from part (d) aseOHshoaseIi O t he
procedur e og’végg(ﬁ@ﬁe 19(c) gave 10 ng of the desired product as a - 81 -
[err] 10 A solution of tert-butyl-1-piperazi ne carboxylate (0.5 g, 2.68
mmol ) in nethyl ene chloride (5 mM) was cooled to O[err]C. N, N

o) vier o addec B4R TarashiA i b, red e e divin Shiiete A ERRbREE (20
2.69 ol ) ovel dhy By of 1 AUkl 1ol 14 bERGeBbyClier Hisyse ! Rour .

The m xture was partition et ween “wat er ethyl acetate (2 x 20
m ). The organfM+Hlase was washed with brine (1 x 75 m), dried over

c1lcc|:)1\x Nso——@
L= o2

A mixture of the product from part (b) (100 mg, 0.442 mmol) and
triethylamine (62 l, 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 0°C for 1 hour. The mixture was
then evaporated in vacuo. The residue was suspended in ether and
filtered. The eluents were concentrated to give 100 mg of the deéired

product as a cream colored solid.

15 d)
0

Il
@_cnz—o— C-IN C02-CH2—-@
0

il /L .,
(C)—crr-o-t-x e
H [
—O5©

A solution of the benzyl ester product from Example 1(c) (64 mg,

N

0.112 mmol) in methylene chloride (1 ml) was cooled to 0°C and
triethylamine (17 mg, 0.168 mmol) and 4-dimethylaminopyridine (6 - 8

20 crystals) were added. The product from part (¢) (58 mg, 0.168 mmol) was
added and the mixture was stirred at 0°C for 45 minutes followed by
stirring at room temperature for 3 hours. The mixture was then

evaporated in vacuo to give crude product. Purification of the crude product

.91.



sodi um sul fate and condensed to give the desired product as a cream col ored

solid (0.636 .20 b) [err] The product frompart (a) (0.3 T%g o]
was di ssol m&%’ﬁz}f‘et hyl ene chloride (3 m) and cooled to 0[5€T ﬁésﬂm)
Trifluoroacetic acid (3 m) - 82 - was added and the m xture was Wwar ned
to roomtenperature and stirred for 1 hour. The m xture was then evaporated

[ . Th I due. i.ssolved in water, the pH adjysted to 12 - 13
W th 6 N sod DATRDAIHG L ousiee atast T thenolnyhier, BHAReroassies BHhni

h i | ' i um..sul fate and condensed to
o Szeg\ﬁaﬁgmﬁ?gtgggwéggior?te%@%%ge% Mﬁ@gﬁ%g{f@ °?P";s§(°flﬂjn) 1696.2 cm': NS

144.9 (MtH) +ME@25]1 (M+H)*.

-

b e
NH+HC1
H,N 1}\1.[/\///,,.‘ CO2H
v ne
0 N\[( _/ & (homochiral)
° o o

The product from part (d) (25 mg, 0.03 mmol) was deprotected and
worked-up as described in Example 21(d) to give 12 mg of the desired

product as a white lyophilate. MS 467.0 (M+H)*, 465.3 (M-H)" ;IR (film)
10 1787.25, 1662.13 cm-1. '

Example 28
NH-HC1
H2N N/\///," COZH
] IT/—\'\: @ O—CH,—CH E.‘.l;lomOChiral)

V amm Ne= C=—0O— —

o7 W\ 2 (CH3) 2
0]

15 a)
0]

/ \ 1

i
(H3C)3=—C—=0—C—N N—C—-0—CH,—CH(CH;3),
N/

Diisopropylethylamine (30 mg), 4-dimethylaminopyridine ('30 mg)
and a solution of isobqtyl chloroformate (366 1, 268 mmol) in methylene
chloride (2 ml) were added to a 0°C solution of tert-butyl-1-piperazine

20 carboxylate (500 mg, 2.68 mmol) in methylene chloride (2 ml). The
mixture was stirred at 0°C for 1 hour. The reaction was quenched with the
addition of water (20 ml). The mixture was extracted with ethyl acetate (2

.99.



10 A m xture of the product frompart (b) (89 ng, 0.617 mml) and
triethylamne (86 [err]1l, 0.59 mmol) in nethylene chloride ( added
to a mxture""9§9 6??&%gene (0.82 m of a 20% phosgene in tol uene-msjoﬁ &Y??Slgl)n
1.54 mmol ). The m xture was stirred at O[err]C for 1 hour. The reaction

m xture was then partitioned between water (25 nml) and ethyl acetate (2 x
15 25 nl). The organic¢ phase was washed with IN HO (40 nl), brlne éSO
m), dried over 5Q&huhhesreanis layars wese eompinedpndowashad wob byip

Siﬁiz;?deg[ g‘ﬁ'“:t UG BERAPEN s sblfsoe, kad postraed b A1 e)&fiﬁé[ ved
bi's( 11 mot hy! st erRReet 523 7oapv PSRk Ok en BHOSESIEY 1 i nute -

83. and thepyr xture was stirred at -78[err]C for 1 hour. A solution of
t he product

m\/DN—clog- O—CH,—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 o1l which was used without further purification.

IR(film) 1692 cm-1.

15
c)
0 0
] /N I
cl—C—N N—C~0—CH,—CH{CHj) »

A mixture of the product from part (b) (477 mg, 2.56 mmol) and

triethylamine (432 pl) in methylene chloride (5 ml) was added to a

20  solution of phosgene in toluene (1.6 ml, 20%) at 0°C. The resultant
mixture was stirred at 0°C for 2 hours. TLC showed the completion of the
reaction. The solvent was removed, and anhydrous ether (50 mi) was
added. The mixture was filtered and the filtrate was concentrated to give
the crude product (481 mg) as an orange oil. Purification of the crude

25 product provided 453 mg of the desired product as a yellow oil. IR (film)
1741 cm-1, 1703 cm-1.

.93 -



frompart (c) (48 ng, 0.234 mmol) in tetrahydrofuran (1 nml) was added and
the reaction mxture was stirred at -78[err]C. After 1 hour C'EAG% fure
3 ex

was quench®@ %6¢H50. 5 N pot assi um bi sul fate solution (25 ni

ract ed

5 wth ethyl acetate (2 x 25 ml). The organi c phase was washed with brine

(1 x 50 m),

yel |l ow oi | .

wat er ,

trifl

dried over sodium sulfate and concentrated to give a pale
Purification by preparative HPLC (reverse phase, nethanol,
Wr oacetic aci d) gave 25 ng of the desired product as a

colorless oil/foam M 743.51 (MrH)+, 741.4 (M- H)-; IR(film 1786.6 cm’
10 e) [err]

product as a
cm'

Exanpl e

10

15

20

10—

Dep ection ofll the product frompart (dL.(22 ng, 0.027 nm)I)-
and 15 mrk-u@‘d&gﬂ'ﬁ)ﬁé‘dl“i n Exanpl e 21( d@do,gausg @ gy of the desired
2@; yOpmjgmr&\ VB 3854, + 38357 (MH)-: IRfilm 1786

s

0
/i
—N\'(u N—C=0-~CH,~CH(CH3) 2
0

Triethylamine (36 pl), 4-dimethylaminopyridine (30 mg) and a
solution of the product from step (c) (65 mg, 0.24) in methylene chloride (1
ml) were added to a solution of the benzyl ester product from Example 1(c)
(100 mg, 0.17 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 ml). The mixture was extracted with ethyl
acetate (100 ml). The organic layer was washed with brine (15 ml), dried
over magnesium sulfate, and concentrated to give the crude product as a
yellow oil. Purification by flash chromatography (50% ethyl
acetate/hexane) gave 81 mg of the desired product. MS 785.2 (M+H)*,
783.4 (M-H)-.

e)
NHeHC1

HzN’lL N/\/ //,,_ CO2H
H I

]
oé"' - N\[r N—-C'— O'—CHZ CH (CH3) 2
{homochiral)

The product from part (d) (80 mg, 0.10 mmol) was deprotected and
worked-up as described in Example 21(d) to give 41 mg of the desired
product as a white solid. MS (M+H)* 427.1, (M-H)- 425.3; IR (KBr) 1786

cm-1, 1653 cm-1.
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[err] 3-Phenyl-I-propanol (1.09 g, 7.34 mol) was added to a m xture of 5
phosgene (5.5 m of 20% phosgene in toluene solution, 11.01 gpphseoiisBil -

net hyl ene ctW@P¥€@I{5 m ) at O[err]C. The mixture was stirred at O[ersr]C
for 5 hours. The reaction m xture was evaporated in vacuo to give a
colorless oil. Purification by flash colum chromatography (silica gel, 0 -
5% et hyl acet at e/ Hexane gave 1.33 g of, the desired product. 10 b) [err] A
sol ution of tert-butyl-1-piperazine cwa (0.2, 1.07 mol) in

met hyl ene chloride (3 mM) was cooled to O[err]C. N, NDiisQoropyl ethylam ne
15 (0.25 g, 1.93 mml) and 4-di nmet hyl am nopyridine (5 - 7 crystals) were
added, followed bymdtilti on of a sol utionoof the product frompart (a) (0.2

g, 1.07 mol) oveng I N Le. Thegaixture s stirred gtaO[err]C for 1 hour.
The m xture wa$i2l e@%i't" dggt ToHG 2P @ et hyl acetate
(2 .
Y o N\n/N\) (homochiral) :
0

0

o]
Y e N
Cl—C——-N N—C-O—(Cﬁz)z

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)

I
@_ Chz= %- & IN COz-CHz—@
. fl J\ /h.,‘
@—CHT'O-C-N " l o
BOF e N N 3 O-—{CH3) —@
0 I\Kr( \ ; 212
o}

A solution of the benzyl ester product from Example 1(c) (69 mg,

N

0.121 mmol) in methylene chloride (1 ml) was cooled to 0°C and
triethylamine (18 mg, 0.181 mmol) and 4-dimethylaminopyridine (6 - 8

15  crystals) were added. A solution of the product from part (a) (54 mg) in
methylene chloride (1 ml) was added and the mixture was stirred at 0°C
for 45 minutes followed by stirring at room temperature for 2.5 hours. The
‘mixture was then evaporated in vacuo. Purification of the residue by flash
chromatography (silica gel, 0 - 30% ethyl acetate/Hexane) gave 90 mg of

20  the desired product as a colorless oil. MS 833.1 (M+H)*, 831.4 M-H)"; IR
(Alm) 1786, 1737.7 cm-1,
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x 20 m). The organic | ayer was washed with brine (1 x 75 m), dried over
20 sodium sul fate and concentrated to give 0.35 g of the E@l{%ggﬁwdu
/
g, 1.03

as a yel | OXO@PHIAR) [err] 25 The product from part (
mmol ) was di ssolved in nethylene chloride (4 m) and cooled to O[err]C.
Trifluoroacetic acid (4 mM) - 85 - was added over 1 minute and the

m xture was warned to roomtenperature and stirred for 1 hour. The m xture
was t hen evaporated in vavuo. The residue was dissolved in water, the pH
was adj usted )to 12 - 13 using 6 N sodium hydroxi de and extracted with ethyl
acetate. The® organic 5 phase was washed with brine, filtered over sodium
sul fate and conqangated to give 0.23 g of the desired product as a white

solid. Ms 248.9 J(_ 3 CO.H |
S8 B = P S
OJ—WN\) (homochiral)
o)

5 The product from part (b). (85 mg, 0.108 mmol) was deprotected and
worked-up as described in Example 21(d) to give 34 mg of the desired
product as a white lyophilate. MS 475.1 (M+H)*, 473.4 (M-H)"; IR (film)
1783 cm-!, 1665 cm-l.

10 Example 30
NH e+ CF3COOH

HzNJL NN, CO.H
H I 0 .
7 N—C o——O
o N\[(b\_J
0]

{homochiral)

A\

a) Cyclohexyl chloroformate

A mixture of cyclohexanol (500 mg, 5.0 mmol) and triethylamine
15 (836 ul) in methylene chloride (4 ml) was added to a 0°C solution of
phosgene in toluene (5.3 ml, 20%). The resultant mixture was stirred at
0°C for 2.5 hours. TLC showed completion of the reaction. The solvent
was removed and anhydrous ether (50 ml) was added. The mixture was
filtered and the filtrate was concentrated to give 726 mg of the desired
20 product as a colorless oil which was used without further purification. IR
(film) 1776 cm-.
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d O O [err] A solution of the product frompart (c) (100 ng,
0.403 mmol ) in nethylene chloride (1 mM) was added to a m xt sgene
(0.53 ml of ¥O2¥6F%hosgene in tol uene solution, 1.01 mmol) f#@%ﬁ%? t he
addition of 15 triethylamne (60 [err]l, 0.403 nmmol). The m xture was
stirred at OC for 1 hour. The reaction mxture was then partitioned between
water (25 m) and ethyl acetate (2 x 25 m ). The organi c phase was washed
with i N HC (4@ m), brine (50 m), dried over sodiumsulfate and
concentrated to give 115 ng of fhe desired product. 20 e) [err] A solution

of the benzyl ester product froth Exafiphe 1(E) (4F ny, 0.075 nmmol) in
net hyl ene chl ori de (CEHWTGHSO'CWNOT&T?- 86 -
Diisopropylethylamine (560 pl), 4-dimethylaminopyridin? (30 mg)
and a solution of cyclohexyl chloroformate (473 mg, 2.68 mmol) in
5 methylene chloride (2 ml) were added to a 0°C solution of fert-butyl-1-
piperazine carboxylate (500 mg, 2.68 mmol) in methylene chloride (3 ml).
The mixture was stirred at 0°C 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)
/™ f O
HN N—C—
-/

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 ml) was
added. The mixture was extracted with ethyl acetate (100 ml). The

20 combined organic solution was washed with brine (10 m)), dried over
magnesium sulfate, filtered and concentrated to give 535 mg of the desired
product as a light yellow oil which was used without further purification.

d)
0
et oo
25 NL/
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triethylamne (11 ng, 0.113 mol ) and 4-di net hyl am nopyridi ne (6-8

crystals) were added. A solution of the product from part (
net hyl ene MW (0.5 nl) was added and the nmixture was s?%"r.’ﬁlggng?hoc f or

45 mnutes followed by stiring at roomtenperature for 3 hours. The 5
m xture was then evaporated in oacuo. Purification of the residue by flash

colum chromat ography (silica gel, 30% ethyl acetate/hexane) gave 40 ng of
the desi red produétmﬁuae%ﬂ@B@Idpéb\ﬁﬁmpamchﬁﬁ9mgmmwah (M- H

(40 m, 0. ooVl e e (63 vl adont i alplietin g iaransen: o
t h?; d?‘;' Eﬁgr ?n ﬁrﬂﬁgﬁe i%l %Q@Q%irﬁty&@ 'i‘ﬁl e resu arﬁ:sngméu e was@tn:red at 0°C( M-

for 1 hour. TLC showed the completion of the reaction. The solvent was

6 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. Puriﬁcatiop of the crude product provided 626 mg of

the desired product as a yellow solid. IR (film) 1740 cm-! 1697 cm-.

e)

0
i
@-_CHZ— O=C-Ii Coz‘CHz—‘< 3
O /IL /\/”"‘

(O)—coro-bon

 am N N—C~0

o’ N\l/ \—/ I

O

Triethylamine (34 pl), 4-dimethylaminopyridine (20 mg) and a

10

solution of the product from part (d) (65 mg, 0.24 mmol) in methylene
chloride (1 ml) was added to solution of the benzyl ester product from
Example 1(c) (113 mg, 0.14 mmol) in methylene chloride (1 ml). The

15 mixture was stirred at room temperature for 2 hours. Analytical HPLC
showed the reaction was complete. The reaction was quenched with the
addition of 1N potassium bisulfate (15 ml). The mixture was extracted
with ethyl acetate (100 ml). The organic layer was washed with brine (15
ml), dried (magnesium sulfate) and concentrated to give the crude product

20  as acolorless oil. Purification by flash chromatography (50% ethyl
acetate/hexane) gave 113 mg of the desired product. IR (film) 1786 cm-1,
1734 cm-1, 1683 cm-!, 1639 cm-1.
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A solution of tert-butyl-I-piperazine carboxylate (0.5 g, 2.8 mol) in 5

nmet hyl ene chl ori de gl M) was added to a m xture of phosgenep é.?,?g%ﬁ, ]f- 20%
phosgene i n VOPYEI sol ut i on, 6.71 mol) in nethylene chlorid ?

WC. Triethylamine (0.27 g, 6.71 nmol) was then added and the m xture was
stirred at O[err]C for 1 hour. The m xture was then partitioned between

wat er (30 M)ri?nd ethyl acetate (2 x 30 m). The organic |ayer was 10
washed with brine (1 x 60 nl), dried over sodium sul fate and condensed to

gi ve crude product. Pumicmoqn of the crude product by flash

chr omat ogr aphy (silica eI ,% et hyb %g:et at e/ hexane) gave O. 515 g of the
desired product as }&Mllr'i - ? 1m 1737 6. 1697. 0 cm'. 15 b) A
sol ution of the benzyl ter pr dugt frop-Ex Ie , 82 mmol )
in nmethylene chloride (1 m) IeNtoD{-er— | am ne
(12 ng, 0.123 nmml) and 4-di m& hyl am]popy¥di ne (6 B crystal s) were
added. A solution of the product fromdpart (a) (51 ng) i n methyl ene

chloride (1 m) was_added and the xture at 0C for.40 m nutes
fol l oned by stirri HgeRROaCEOMa FaiHQn pifne produgt ﬁ?&m&%e was

then evapor at eéi lémva ua%cord {o ﬁr%ceﬁretort‘%xagsﬂlg 'f@(c?élves 338 mg of the
5 desired product as a white solid. MS (M+H)* 453.3, (M-H)- 451.5; IR (KBr)
1790 cm'!, 1674 em-1,

Example 31
NHeHC1

H2NJL NS, CO,H
H l
oa—N\Ir N——C—-C(CH3)3

{(homochiral)

10

Clyl N, N g:C(CH)
\ , 33

Following the procedure of Example 22(a) through (c) but
substituting tert-butylcarbonyl chloride for the tert-butyl acetyichloride in
15 part (a), the desired product was obtained as a pale brown solid. IR (film)
1733.2, 1616.4 cm-.

.99.



- 88 - flash chromat ography (silica gel, 0 - 30% ethyl acetate/hexane)
gave 48 ng of the desired product as a colorless oil. M 785¢Flﬁ]éM1; H) +,
783.4 (M HWO%725 5 The product frompart (b) (40 ngy, 0.05% P13 s
di-ssolved in methylene chloride (1 m) and cooled to O[err]C. :
Trifluoroacetic acid (1 m) was added over 1 mnute and the m xture was
warmed to roomtenperature and stirred for 1 hour. The mXxture was then
evapor at ed i B 10 vacuo to give the desired product as a yellow oil which
was used in the next step wythout further purification. M5 685.1 (M + H)+,
683.3 (M- H). NH HC1 15)

a0 C“IN coz—cnz—@
P L _.(
H

Y
04'—1\"/1\1 N—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 0°C for 30 minutes followed.
by stirring at room temperature for 6 hours. The mixture was then
evaporated in vacuo. Purification of the residue by flash chromatography
10  (silica gel, 0 - 30% ethyl acetate/Hexane) gave 89 mg of the desired product
as a colorless. MS 769.4 (M+H)*, 767.6 (M-H)"; IR (film) 1785.4, 1733.4,
1679.4, 1635.9 cm-1.

©)
NH-HC1

H3N 1}\11’\/ “, __I)CO2H .
N\ I
o '——N\‘rl\\_-/N—C— 184
0]
15 The product from part (b) (87 mg, 0.11 mmol) was deprotected and

worked-up as described in Example 21(d) to give 10 mg of the desired

product as a white solid lyophilate. MS 411.2 (M+H)*, 409.5 (M-H)"; IR
(KBr) 1788.0, 1742.0 cm-1.

N\

(CH3)3
(homochiral)
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The product frompart (c) (49 ny, 0.061 mol ) was deprotected and wor ked- up

as described in Exanple 21(d) to give 15 ng of the desired prodyct .
white | yophi MA¥EIRKE 327 0 (M + H), 325.0 (M- H=: IR (KBr) trr ’6?,9’%2‘_5'3
cm'. 20 -89- [err] A solution of tert-butyl-I|-piperazine carboxyl ate

(0.2 g, 1.07 mol) in methylene chloride (2 M) was cooled to O[err]C. N, N
di i sopropyl ethyl amne (0.167 g, 1.28 mol) and 4-di net hyl am nopyride 10
(30 ng) were added, followed by additi¥E¥ampledd;enesul fonyl chloride (0.19
g, 1.07 mmol) over m_nute.. The m X e ws stirred at QJerr]C for 2 hours.
After two hours, waté’re‘(rfeuﬁ(}%g%g;@dwﬁafsﬂé’rﬁ? @éﬁﬂ Xtraced with
ethyl acetate @3 Xx 20 m). The organic | ayer was washed with brine (1 x 75
m ), dried over “sodium sul fate and concentrated to give 0.35 g of the

(H3C)sC Ol(‘l N {(!—H C(CH;)
3C)3C—0—C~-N - - 3)3 v

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-1-
piperazine carboxylate (9.17 g, 49.2 mmol) in methylene chloride (40 ml)
at 0°C 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
hexane/methylene chloride (2:1) (2 x 50 ml). The combined eluent was
concentrated to approximately a 20 ml volume and the precipitéte that
formed was collected by filtration, washed as above and combined with
previously collected solid. The solid was dried under vacuum to give 14.1 g

15 ofthe desired product. MS 286.2 (M+H)*.

b)
~ 0
B N—C—i—c(CHy)
-l LN 373
—/

Trifluoroacetic acid (25 ml) was added dropwise over 5 minutes to a
20  solution of the product from part (a) (14.1 g, 49 mmol) in methylene
chloride (25 ml) at 0°C under nitrogen. The reaction mixture was stirred
at 0°C for 20 minutes and then at room temperature for 2 hours. The
reaction mixture was transferred to a beaker (100 ml) and diluted with
ethyl acetate (200 ml) and water (200 ml). While vigorously stirring the
25 Dbiphasic mixture sodium hydroxide (256% 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
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15 desired product as a white solid. b) The product frompart (a) (0.35 g,
1.07 mmol ) was dissolved in 20 nethylene chloride (3 nm) a to
O[err]C. T PUYPBacetic acid (3 mM) was added over 1 m nut 883&384"%811

m xture was warned to roomtenperature and stirred for 1 hour. The m xture
was then evaporated in vacuo. The residue was dissolved in water, the pH

adjusted to 12 -, 13 .using, 6 N sadi um hydroxi de gnd extracted with ethyl
acetate. The ¢gbimed org c§were§ﬁ§§é"ﬁé§°&ﬁ’§hé8ffﬁ%%ﬁmﬁépddri ed over
sodi um sul f at [ t I ve.: Q. 0, heg..desi;red product as a
pal e yel | ow oﬁﬁgm%%%%débﬁl% %%%t#g%%g dgﬁte Sp% 3&}%{ s‘f]'}‘gm part (b)
(100 ng, 0.44g nmol) and triethylamne (62 [err]l, 0.442 mol) in nmethylene

chloride (1 m) was added to a m xture of phosgene (0.59 m of a 20%
0

phosgene in tol uene sol ution, E') I\ q _

]
Cl—C—N  N—C—N—C(CHs);
N/

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 m}, 132 mmol) at 0°C under
nitrogen. Triethylamine (30 ml) was then added dropwise over 5 minutes.
The reaction mixture was then stirred at room temperature for 2 hours.

10  The reaction mixture was transferred to a separatory funnel, diluted with
ethyl acetate (150 ml) and washed with 2N HC] (2 x 150 m]). 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.

15 d)

0

0
A /. g H
7 N N N— C— N—C (CH3)
O Y 3)3

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)
(1g, 4 mmol) and triethylamine (1 ml, 7 mmol) were added. The reaction

was stirred for an additional 3 hours. The reaction was diluted with
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10 1.1 mol ). The m xture was stirred at OC for 1 hour. The m xture was

t hen evapora‘&ﬁggk@g vacuo. The residue was suspended in et hegcpighofiasiier ed.
The el uents W Pcentrated to give 100 ng of the desired product as a
creamcolored solid. [err] A solution of the benzyl ester product from
Example 1(c) (64 ng, 0.112 mmol) in methylene chloride (1 m) was cooled to
Jerr]C and trjethyl am ne 0.168. mmol.), and 4-.di hyl am.nopyri di ne
(6 - 8 20 cr&E@%@W@r%’g‘imdﬂﬁ%}%ﬁémﬁ&’rﬁsdg‘? C ‘8§/t°("5%ﬁ " 0.168

mol ) was addedapd, E‘p@tt@a Wit ﬁe%’%r%) gattimtfrﬂg:a@f?ﬁ% f18h éﬁomagb%ggﬁ:qb ltowed

by stirring at room tenperature ours. The m xture wa
evaporated in e%éthyd agitdte i h&idnR) friphlvidePT46 fgl sfaht dasieéd pheiuet.ulisS

product - 91 - by preparative HPLC (reverse phase, nethanol, water,
trifluoroaceti @84ci M+ &T822 M-8 .t he desired product as a colorless oil.
5 e .
j]iﬂ CO,H

”h.‘

7N N N—g-—g—c(cn )

o) Y | 3)3

0 (homochiral)

Water (50 ml), concentrated HCI (0.8 ml, 9.6 mmol) and 10%

palladium on carbon catalyst (7.5 g, 50% water content) were added to a
10  solution of the product from part (d) (7.46 g, 9.57 mmol) in dioxane (125

ml) at room temperature under nitrogen. 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 100 ml) until no product
15  could be detected in the eluent. The solution was frozen and lyophilized to

give 4.5 g of a white solid. Purification by HPLC (reverse phase, methanol,

water, trifluoroacetic acid), subsequent lyophilization, filtration through

polyvinylpyridine with a water mobile phase, and final lyophilization

proved 3.3 g of the desired product as a voluminous white solid. MS 426.2
20 M+H)* 4244 M-H); IR (KBr) 1777 cm.

Anal. calc'd for C1sH31N705°1.56 Hz0:

C, 47.66; H, 7.58; N, 21.62; O, 23.14
Found: C,47.58, H,7.37; N, 21.41.
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M5 825.1 (MtH)+. [err] The product frompart (d) (25 ng, 0.03 mml) was

deprotecte n ked-up as described in Exanple 21(d) to gi of

t he desi re&%?@ggg as a white lyophilate. M5 467.0 ( MtH) +, gﬁ%@s‘;ﬁ%
;IR (film 10 1787. 25, 1662.13 cm'. Exanple 28 [err] S

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

sol ution of isobutyl chloroformate (366 Le rll, 268 nmol) in nethyl ene
chloride (2 m) were added to a Ofer 1 on of tert-butyl-1-piperazine
20 carboxylate (500 ng, 2.68 nmmol) in nethylene chloride (2 m). The

m xture was stirred at O[err]C for 1 hour. The reaction was quenched with
the addition of water NH2OFs@QQH The ni xture was extracted with ethyl acetate

(2-- 92 - HzNJL T~ Cco,H
H l

(homochiral)

/0 .
77— N-—C—CH,
I AW O

N

0]
1300t et —(O)
5
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)

HN/_\N- @— CHT@
10 v
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 1N sodium hydroxide solution (10 ml) was
15 added. The mixture was extracted with ethyl acetate (100 ml). The
organic solution was washed with brine (20 ml), dried (magnesium
sulfate), filtered and concentrated to give 536 mg of desired product as a
colorless oil which was used without further purification. IR (film) 1630
cml,

20 ¢

bl b0
- L= Llng
\—/
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x 50 n1) The organic | ayers were conbined and washed with brine (2 x 10
m), dried over nesi um sul fate, and concentrated to give I,dgg% the
desired prod¥& gqu yeIIow solid; IR(film 1701 cm', 1688 g&% f}%

A m xture of the crude product frompart (a) (800 ng, 2.79) mmol),
trifluoroacetic acid (10 n1) and rrethyl ene chloride (10 n1) was stirred at

S s b b
fslo: 'ltjeirgg \Qﬁz co T‘]éﬁtrat @\IQIH*E e, S?Ifne fog]'(t&ﬁ::é@‘:H1 {%agsn%{(f dlj)sa'?fs(“’}éil el | ow
i | which vas %epai%?fﬁhﬁb% i S eraehrigr Go8d e 1
Lr1 et hyl am ne. dh8zerarpf it ?%tr%%{a%ﬁ%ﬁee& a7 i hs R R o

5 according to the procedure of Example 23(c) to give 74 mg of the desired

product as a yellow solid. IR(film) 1735 cm-!, 1645 cm-L.
d)

0
@—CHZ'%"C‘]IN coz-cit;—(O)

B IS
(G)—crr-o-t-x " 0
Hod - N
7 I\\H/ N  N—C~—CHj
0

Triethylamine (34 pl), 4-dimethylaminopyridine (30 mg) and a

N

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 temperature for 2 hours. Analytical HPLC
mdicated that the reaction was complete. The reaction was quenched with

15  the addition of 1N potassium sulfate (10 ml). The mixture was extracted
with ethyl acetate (100 ml). The organic laver was washed with brine (15
ml), dried (magnesium sulfate) and concentrated to give the crude product
as a colorless oil. Purification using flash chromatography (80 - 50% ethyl
acetate/hexane) gave 73 mg of the desired product. MS (M+H)* 803.4, (M-

20 H) 801.5; IR (film) 1785 cm-!, 1733 cm-%, 1733 em-!, 1677 cm-!, 1640 cm-1,



20 solution of phosgene in toluene (1.6 mM, 20% at O[err]C. The resultant
m xture was stirred at O[err]C for 2 hours. TLC showed.the caonpletion of
the reacti 8YP9%4&815%0| vent was renoved, and anhydr ous et her {' ﬁ?%sﬁﬁs
added. The mixture was filtered and the filtrate was concentrated-to> gt ve
the crude product (481 ng) as an orange oil. Purification of the crude 25
product provided 453 ng of the desired product as a yellowoil. IR (film
1741 cm', 1%b3 cm'. - 93 - [err] Triethylamne (36 [err]l),

4-di met hyl am nopyri di .d[%%ow) and a solution of the product fromstep (c)
(65 mg, 0.24) in rretgﬁene C Ioride 5 m) were added to a solution of

the benzyl ester pkN um/’fﬁ/orff (c) (100 ng, O¢HomdBMkh1hn nethyl ene
chloride (1 m). The ni%t ur e tirre or 4Jhours at roomtenperature
Anal ytical HPLC indicated that re@ The reaction was
guenched by the addition of O

The product from part (d) (67 mg, 0.83 mmol) was deprotected and
worked-up according to the proce_zdure of Example 19(c) to give 5 mg of the
5 desired product as a white solid. MS (M+H)* 445.2, (M-H)- 443.4; IR (film)
1782 cm'!, 1677 cm-l.

Example 34
NHeHC1

H,N N/\/ //,,_‘_rC02H
H

n
77— N N N == Co— O0— CH>
o” I\\[( \__/ ‘_O
(homochiral)

o

10 a)

1l o)
= = 0U—=0

Following the procedure of Example 30 (a) through (d) but
substituting cyclohexylmethanol for the cyclohexanol in step (a), the
desired compound was obtained as a yellow oil. IR (film) 1743 cm-1, 1702

15 cml.

b)

I
@_CHz— o C-IN COz—CHg—©

I J\ e,
oue e
H H — N
7 I\Kn/N N—C——O—CHz-—-O

0
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i N potassiumbisulfate (15 ml). The m xture was extracted with ethyl 10
acetate (100 mé/. The organic |ayer was washed with brine (1p~fdoo/19§1h1€d
over magnesiY¥®? 8i#3te, and concentrated to gi ve the crude product as,;a
yellow oil. Purification by flash chromatography (50% et hyl acet at'é/ heXdhe)
gave 81 ng of the desired product. M5 785.2 (MtH)+, 783.4 (MH-. 15 e)

[err] The product frompayt (d) (80 , 0.10 mnp]) s deprotected and
wor ked- up as descri@é‘ﬁpr ‘Ei%‘??&! ga@‘i@g)s %Cﬁa%lthfh%eaffﬁ@ﬁ@rd&&?@d
product as a it L.¢l. 7 an 86 20
cm', 1653 CmV\ﬂ_om_eEg%b?e 1@%%%@550 ?}ier P{Uce&%&ﬁ)ﬂxﬁpl@ 30 (5 éo@(ré thd
desired product as a colorless oil. IR (film) 1786 cm-!, 1732 cm-!, 1680
cm-!, 1639 cm-L.

5 ¢
NH-HC1

HoN NN ‘,,"'_rCOZH
H
’ / \

]
I N N—C—0— CHg—O
S -
{homochiral)

0

The product from part (b) was deprotected and worked-up as
described in Example 21(d) to give the desired product as a white solid.
MS (M+H)*+ 467.3, (M-H)™ 465.5; IR (KBr) 1778 cm-1, 1541 cm-1.
10
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Fol |l owi ng the procedure of Exanple 25(a) through (d) but substituting
phenet hyl al cohol for the 3-phenyl-1-propanol in (a), the desir duct
was obt ai nW@9$7HA orange oil. 10 b) [err] A solution of 'tdlfgl’%‘ﬁﬁlfﬁl_.?ester
product from-Exanple 1(c) (69 ng, 0.121 mmol) in nethylene chloride (1 m)
was cooled to O[err]C and triethylamne (18 ng, 0.181 nmol) and

4-di met hyl am nopyridine (6 - 8 15 <crystals) were added. A solution of the
product frompart (a) (54 ng) in mefBxample 86l oride (1 M) was added and
the m xture was stirred at O[err]C for 45 mnutes followed by stirring at
roomtenperature for 2.5 hours. The m xture was then evaporated in vacuo.
Purification of the residue by flasfg chromatography (silica gel, 0 - 30%
et hyl acet at e/ Hexane) N§sH@L 90 ng of |20 the desired product as a colorless
oil. M5 833.1 (I\/H—ﬁz-ﬁ,JLBgW/ CHR{Cillan) 1786, 1737.7 cm 95

gk -
/A )
0/—1\]\(“ N 1}\} C(CH3)3
0

{homochiral)

a)
0]

!
(©)—cra—o- C'|N £ O— CyHs
0
il J\ e,
@_ CHy—O~C~N 1}}1/\/ l
H

v
5 o’

Cesium carbonate (14 mg, 0.042 mmol) was added to a stirred

solution of the azetidinone product of Example 1(b) (40 mg, 0.083 mmol)
and iodoethane (27 ul, 0.332 mmol) in dimethylformamide (200 ul) at

room temperature. After 3 hours, the reaction mixture was partitioned
10 Dbetween ethyl acetate and water containing a small amount of sodium
thiosulfate. The organic phase was isolated, washed with saturated
sodium chloride, dried over magnesium sulfate, and concentrated. The
residue was purified by silica gel chromatography to afford 33 mg of the
desired product.
15

b)
0

I *
@—CHZ_ o= C-lN C— O—CaHs
0

i u,,
@-—CHro—c-N e
H H —/\

|}
o N N— C===N=C (CH3)
o \'(\ ) N (CH3) 3

o
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[err] 5 The product frompart (b) (85 ng, 0.108 mmol) was
deprotected and worked-up as described in Exanple 21(d) to gj (\;gm% of
t he desired Wpc?aﬁalsas a white lyophilate. M5 475.1 (MH) +, iA’f ) 65(1,%45’11
IR (film 1783 cm', 1665 cm'. 10 Exanpl e 30
a) Cycl ohexyl chloroformate A m xture of cycl ohexanol (500 ng, 5.0 mmol)
and triethylam ne 1% (836 [err]l) in nethylene chl oridg@é4 m};é was added
to a O[err]C sol uti dheProfugidepdarh (@ dB6 &g U H&mmol) sndghe preragayl ¢ ant
m xture was stirned af er%e]n;g;&orf 2.5 hours. TLC showed conpl etion of the
reaction. The g%’l*\?@h?y ot g 12 hydrous ether (50 m) was added.
The m xture was filtered and the filtrate was concentrated to give 726 ny
of the desired 20 product as a colorless oil which was used wi thout

further purification. IRICf(fi/J-nc)\ 17')%113 cm'. - 96 -
Cl———C—N N—C~N-C{CH3)3
H

5 (56 mg, 0.227 mmol) [prepared as described in Example 32(c)] were
dissolved in methylene chloride (1.80 ml) and tetrahydrofuran (0.20 ml).
Triethylamine (35 pl, 0.252 mmol) was added followed by 4-
dimethylaminopyridine (4.0 mg, 0.034 mmol). After 48 hours the reaction
was concentrated and the crude product was purified by silica gel

10 chromatography to give 71 mg of the desired product.
c)

H,N N/\/ %, c—0—0CoHs

4 N —C—N—C{CH3)3
0 N\;r —/ I E
0

0 (homochiral)

The product from part (b) was deprotected and worked-up according
to the procedure described in Example 21(d) to give the desired product as
15 alyophilate. IR(KBr) 1788 cm-L.

Example 36

NHe+CF3COOH

H,N g/\///,,._ COoH
/ K\N o (homochiral)
ol i
o WDKJ ™ C~ 0~ CH,~ CH (CH3) -
O

N

20
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[err] Diisopropylethylamne (560 p.), 4-dinethylam nopyridine (30 ng) and a

sol ution of_ cyclghexyl chloroformate (473 ng, 2.68 mml) in ene
chl ori de (?#3’6%§e added to a OC solution of tert-butyl -1-1’?“6’}%3/%*1%

carboxylate (500 ng,. 2.68 mml) in nmethylene chloride (3 mM). The m xture
was stirred at O[err]C and warnmed to room tenperature over 4 hours. The
reacti on was quenched with the addition of water (15 m ). The m xture was
extracted wit® ethyl acetate (100 ml). The organic | ayer was 10 washed
with brine (2 x 10 ml), dried qver gnesi um sul fate, and concentrated to
give 832 ng of the desired pro%ﬁct as\a white solid. IR(film 1692 cm'. c)
15 A m xt ur 6:60 st+tré-e Pude— Ny od frompart (b) (832 ng, 2.68 nmol),
trifluoroacetic acid (2 m) and net ene chloride (2 mM) was stirred at

ol vent s r enovel SRS e O BY R AR tR e Qi A maand
triethylamine (700 pl, 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 chromatography (5% 2 N ammonia in

10 methanol/methylene chloride) gave 410 mg of the desired product as a
colorless oil. IR (film) 1691 cm-!.
b)

P R

(H3C) 3—C—0—C—N NH—C—O0~CH;—CH (CH3);

Diisopropylethylamine (380 pl), 4-dimethylaminopyridine (35 mg)
15 and a solution of isobutyl chloroformate (242 pl, 1.87 mmol) in methylene

chloride (2 ml) were added to a solution of the product from part (a) (374
mg, 1.87 mmol) in methylene chloride (2 ml). The mixture was stirred at
0°C and warmed to room temperature overnight. The reaction was
quenched with the addition of water (15 ml) and worked-up according to
20  the procedure described in Example 28 (a) to give 508 mg of the desired
product. IR (film) 1696 cm-!.
c)
R
HI\\_/N-—-C—O— CH,—CH (CH3) ,
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
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added. The m xture was extracted wth ethyl acetate (100 m). The 20
combi ned organic sol ution was washed with brine (10 m), dri 1381
nmagnesi um s&"?ﬁ?’@"z?lltered and concentrated to give 535 ngﬁfd‘ ﬁ d85| red
product as a l'ight yellow oil which was used wi thout further purification.

d O Oferr] - 97 - A m'xture of the product from part (c)
(459 ng) and triethylam (448 1Eerr t hyl ene r|de m) was
added to a solSttq B BIe qﬁ@ﬁé‘ oriesgol VZ was Bf r]C. The

resul tant m xtu rre 1 hour. TLC showed the
conpl eti on of vf‘h‘é‘“&e’i’éﬁfe&r?“ ’ijfhcébf& 38@%&935 cn?ermved and anhydrous et her
(50 M) was agged. The m xture was filtered and the filtrate was

concentrated t0 give the crude product (626 ng) as an orange oil.
Purification of the crgdemuctgprovi ded 626 -ng of

Ci—-C—N N—-C—0~CHy;—CH{CHz3) > i
N/

5 The product from part (c) (303 mg, 1.51 mmol) was reacted with |
phosgene in toluene (1.2 ml, 20%) at 0°C according to the procedure of
Example 28 (c) to give 298 mg of the desired product as a colorless oil. IR
(film) 1737 cm!, 1697 cm-1.

e)

I
©osly -
N —{
Ill,
@—CH;-O-C N F/\/
H

——NH —C~0—CHy-CH{CH
04 \[rN N i 2 {CH3)2
0]
10 Y
Triethylamine (34 pl), 4-dimethylaminopyridine (10 mg) and a

solution of the product from part (d) (62 mg, 0.24 mmol) in methylene °
chloride (2 ml) were added to a solution of the benzyl ester product from
Example 1(c) (113 mg, 0.20 mmol) in methyvlene 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 1)
NH e+ CF3COO0H

HN™ NN, _‘)COZH
H
(homochiral)}

I
o N\[(U\ - 0—CH,~CH(CHs) 2
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the desired product as a yellow solid. IR (film 1740 cm' 1697 cml. e)

[err] Trieth Iam ne (34 [err]l), 4-dinmethylam nopyridine (2
sol ution o?mi/ oduct frompart (d) (65 ng, 0.24 mol) |n9?r"§%”?lgg"

chloride (1 rr1) was added to solution of the benzyl ester product from
Exanmple 1(c) (113 ng, 0.14 rrrml) I n et hyl ene chloride (1 nl). The 15

m xture was stirr roo enperag ure for hour Anal yti cal HPLC showed
the reaction was 2&?&)1’ @Pé‘éﬁc{ebj hwas deprotecigdand on of

acetat o ( 100 MR 5%0&@3?#&5 owgi&eﬁ,gﬁﬁ%%ﬁ% O hews oo e s e

(magnesi um Slﬂécsﬁteﬁ)px%ﬂﬁcﬁﬁ’é‘ﬁ%ldi?ésg%léé% qwqu@wm?g()yﬁ hqlfse?:i? IR @S a

colorless oil. Purification by flash chromatography

acet at e/ hexan@lmya784 chd!,ri$66fcrhthe desired product. IR (fil rr) 1786 cm'
1734 cm' . 1683 cm', 1639 cm'. - 98 -

Example 37

NHeCF3COOH
HoN N/\///,,_ COoH
H S (homochiral)

oé—N(Q

a)

10- 0
Sodium bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 154 ul,
0.15 mmol) was added dropwise to a -78°C solution of the benzyl ester
product from Example 1(c) (80 mg, 0.14 mmol) in tetrahydrofuran (2 ml).
The mixture was stirred at -78°C for 40 minutes. A solution of 2-

15 thiophenecarbonyl! chloride (34 pl, 0.30 mmol) in tetrahydrofuran was
added. The reaction was stirred at -78°C for an additional 6 hours and
was stored in a freezer (-50°C) overnight. Analytical HPLC indicated the
reaction was complete. The reaction mixture was quenched by the
addition of saturated ammonium chloride solution (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 ml), dried (magnesium sulfate),

filtered and concentrated to give the crude product which was purified by
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[err] Deprotection and purification of the product frompart (e) (113 ny,
0.14 mol ) aggcord to the procedure of Exanple 19(c) gi ves mjg?gg? fthe 5
desired prodte}'&gggéﬂg white solid. M5 (MrtH)+ 453.3, (MH)- 45}.)%3 R (KBr)
1790 cm', 1674 cm'. [[err] Follow ng the procedure of Exanple 22(a)
through (c) but substituti ng tert-butyl carbonyl chloride for the tert-butyl

br own <ol i c. | GRS a”géw% fg%gﬁf?ﬁ&nﬁg%pertﬁdfaeqera??%?%%%?oi%v%‘?@g "

Sl ot o ol ?R%fé&%z S PROR AN e cofia: M (Rt Beby, “"85933“8@12‘7’ :
ol ) in et hylm&&Bﬂl 137961§n'(111’7ﬁ4)cmA, BEY4hon
b) '
NH»-CF,CO0H
H,N }l\gl\//l, COzH

o 4,_.5,\“/0 (homochiral)

The product from part (a) (53 mg, 0.078 mmol) was deprotected and
worked-up according to the procedure of Example 19(c) to give 11 mg of the
desired product as a white powder. MS (M+H)* 324.9, (M-H)" 323.1.

10 Example 38

NH+CF;COOCH
H,N N/\//"". CO-H
H — (homochiral)

:

o)

A

a)
¢]

I
@_CHz :(3? qu\ /\/m. —(COz—CHz_@
@—c&;—o—c N
e e )

15 Sodium bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 131 pl,

0.131 mmol) was added to a solution of the benzyl ester product from
Example 1(c) (73.1 mg, 0.127 mmol) in dry tetrahydrofuran (2 ml) under
nitrogen at -78°C. The reaction mixture was stirred at -78°C for 30

minutes then 4-biphenylcarbonyl chloride (29 mg, 0.134 mmol) was added
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of the product frompart (a) (59 ng, 0.236 nmol) in nethylene chloride (1
m) was added and the m xture was stirred at O[err]C for 30 _m nutes

fol | oned. WP W65 ng at roomtenperature for 6 hours. The FEWPEPEMs t hen
evaporated in-vacuo. Purification of the residue by flash chronmatography 10
(silica gel, 0 - 30% ethyl acetatefHexane) gave 89 ng of the desired
product as a colorless. M5 769.4 (MtH)+, 767.6 (MH)-; IR (filnm 1785. 4,
1733. 4, 1679. a sBgde porton.. The eeadtidbmixture wakhstinpeddyct8Q fnspart (b) (87
ng, 0.11 mmol) was depyqtected and worked-up as_described in Exanple 21(d)
to give 10 ngmélﬂu‘i"—ﬁélﬂfeﬁ}%# P50 fer 1aaninuges.t ENSBCL (1 my ptaisiadded VS 411. 2

Mt , 409. 5 - 1788,0,1742,0 - 100 - . _ EX l e 32
gl'heng;roduct O@i{%&rﬁ%{a\ﬁg )bé'l & Yb?%%ﬁf"eﬁ” ‘é’iﬂﬁ‘? ng.ﬁtmg 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) 1797 cm-3; MS 753.1 (M+H)*.

b)
NHe+CF3CO0OH
H,N N/\//,,," CO,H .
H (homochiral)
FNAD)
10 . 0

The product from part (a) (28 mg, 0.037 mmol) was deprotected and
worked-up according to the procedure of Example 19(c) to give 11.8 mg of
the desired product as a Iyophilate. IR (film) 1788 cm-!; MS 395.1 (M+H)*,

393.3 M-H)".

15
Example 39
NH+CF3COOH
H2N N/\//’l,._rCOZH
H
4_
0 (homochiral)
o {20

a) Biphenvlacetyl chloride

20 Oxalyl chloride (246 pl, 2.86 mmol) and one drop of

dimethylformamide were added dropwise to a suspension of
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a) 0 05 A solution of tert-butylisocyanate (10.28 g, 103
nmmol ) in neth Ielg hloride (20 m) was added over 2 m nut espéfygooaddyti on
of tert-buty‘V— 2 %’l‘%eram ne.carboxylate (9.17 g, 49.2 mmol) in nethylene
chloride (40 m) at 0O0OC under nitrogen. After stirring the reaction mxture
at roomtenperature for 2 hours, the reaction mxture was poured into

2;?323%28 i hlmleﬁéﬁ%?%% bl G oD in g gy gnesghipmige (A1 oFE ned
teh;ten; o\rlvarr:dcalg g geéﬁg%@ %?@egﬂrﬁér%&%fg}ag% g\gleeS an té}ﬁﬂ%{ neg?:/vlt ?the

previously col |e%ﬁf>@ﬁt§& hhd théf ?@m&@é w@s\eaévﬂfok@éédbwﬂﬁ olifl tdeQoGive 14.1 ¢
15 of the desired product. MtH) +. b) Trifluoroacetic acid (25
m) was added mOpng@étbe/aﬂe&)rmiﬁwmay@n@wéfihdsol ution of the product from
part (a) (14.1 g, 49 mmol) in nethylene chloride (25 m) at O[err]C undet
nitrogen. The reaction mxture was stirred at O[err]C for 20 mi nutes and

t hen at roomt%rperature for 2 hours. The

]
Q—ety )
L~
4,
CH’Q—O“C‘ /\/
H
[ Q)

Oé—N

Sodium bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 315 pl,

0.31 mmol) was added dropwise to a -78°C solution of the benzyl ester

10 product of Example 1(c) (120 mg, 0.21 mmol) in tetrahydrofuran (3 ml).
The mixture wés stirred at -78°C 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 -78°C for an additional 2.5
hours and was stored in a freezer (-50°C) overnight. The reaction mixture

16 was pgrtitioned between ethyl acetate (50 ml) and water (15 ml). The
organic layer was separated and washed with brine (20 ml), dried
(magnesium sulfate), filtered and concentrated to give the crude product
which was purified by flash chromatography (silica, 20-30% ethyl
acetate/hexane) to give 22 mg of the desired product as a yellow solid. MS

20 MM+H)*767.1; IR (KBr) 1796 cm't, 1730 cm-1, 1640 cm-1.
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reaction mxture was transferred to a beaker (100 m) andI diluted_withh -
ethyl acetate (200 m) and water (200 m). Wil e vigorous y% | the

bi p%asi c mAWe&S0di um hydr oxi de (25% aqueous) was added df 5{swelgﬂ[‘ltl I
the pH of the aqueous phase was about 12. The organi ¢ phase was separated
with an additional portion of ethyl acetate (200 m). The - 101 -

conbi ned orgaﬂi cs were dried over sodiumsulfate, filtered and concentrated
to give 11 g®f the desired product as a white solid. c) O _ 0 [err]
5 A sol ution afuidmcpopduct frompart (b) (about 11 g) in nethylene
chl ori de: acetonitriljg( :1,,40 m cd"%; added dropwi se over 10 mnutes to a
sol uti on of phosg&al” (2%Yn T 2,270 M, 132 nmmol) at O[ er] C under
nitrogen. Triethylamné (30 m s then added dropw se over 5 mi nutes.

7

0 Q (homochiral)
0]

The product from part (b) (40 mg, 0.052 mmol) was deprotected and

worked-up according to the procedure of Example 19(c) to give 11 mg of the
5 desired product as a white fluffy powder; MS:(M+H)* 409.2,(M-H)" 407.2:
IR (KBr) 1782 cm-i, 1684 cm-1, 1645 cm-!.

Example 40
NHeHCI -
H,N” NN COH (homochiral)
H
—— N
o N\ﬂ/
10 0

a) 4-Benzylpiperidinvicarbonvl chloride

4-Benzylpiperidine (0.5 g, 2.86 mmol) was added to a mixture of
phosgene (3.8 ml of 20% phosgene in toluene solution, 7.13 mmol). The
mixture was stirred at 0°C for 1 hour. The reaction mixture was

15 partitioned between water (25 ml) and ethyl acetate (2 x 25 ml). The

organic phase was washed with 1N HCI (1 x 40 ml), saturated sodium
chloride (1 x 50 ml), dried over sodium sulfate and concentrated to give a
yellow oil. Purification by flash column chromatography (silica gel, 0 - 10%
ethyl acetate/hexane) gave 0.47 g of title product. IR (film) 1733.1 cm-1.
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The reaction mxture was then stirred at roomtenperature for 2 hours. 10
The reaction m xture was transferred to a separatory funnel, ﬁ.’l.,bggﬁgsﬂﬂh
ethyl acet atWOP¥SBIR1) and washed with 2N HO (2 x 150 ). TRe organics
were dried over sodiumsulfate, filtered and concentrated to a yellow oil.
Purification by flash chromatrography (silica gel, 0 to 50% ethyl acetate
I n hexane) provided 7.8 g of the desired product. 15 d) O [err] The

car bamoyl chl oP)de product frompart (c) (4.5 g, 18.2 nmmol), triethyl am ne
(2.6 mM, 18.2 mmol ) and di netgyl am nopyridine (225 ng) were added to a
solution of the yl ester jproduct from Exanmple 1(c) (6.94 g, 12.13
nmol ) in nethyl e@-ﬁ@ﬁiﬂ@-( m) at roomtermgr.ggy—e@der ni trogen.
After stirring th& reactiofmxfure at rpomt erature r 4 hours,

addi ti onal port@;_@rﬁzr_ly.m onrde p - (1g, 4 nmol)
and triethyl am (1 , [ nmepl ) Wvere added.

$tirred foc
an additional 3 hours. The reaction was %

Triethylamine (17 mg, 0.165 mmol) and 4-dimethylaminopyridine
(6-8 crystals) were added to a cc;oled solution of the benzyl ester product
5 from Example 1(c) (63 mg, 0.11 mmol) in methylene chloride (2 ml) at 0°C.
4-Benzylpiperidinylcarbonyl chloride (39 mg, 0.165 mmol) was added and
the mixture was stirred at 0°C for 45 minutes followed b& stirring at room
temperature for 2.5 hours. The mixture was then evaporated in vacuo.
Purification of the residue by flash chromatography (silica gel, 0 - 30%
10 ethyl acetate/hexane) gave 68 mg of the desired product as a colorless oil.

MS 774.2 M+H)*, 772.4 M-H)"; IR (film) 1785.1, 1732.0, 1674.2, 1639.3

eml,
c)
NH+HC1
H,N %\{3/\/ %, _rcozﬁ (homochiral}
& WIQ/\@
0
15 The product from part (b) (65 mg, 0.084 mmol) was deprotected and

worked-up as described in Example 21(d) to give 39 mg of the desired
product as a white lyophilate. MS 416.2 (M+H)*, 414 M-H)"; IR(KBr)
1784, 1657 cm'L.
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hexane (5 m) and the crude reaction m xture \Q/asf:oaﬂedhonto a sili Ca(Ot
col um (wef ] hexane) for purification by ash chro Oto
60% et h§/| Q@‘g?’é%wn hexane) to provide 7.46 g of the desi rgé?%{?%ﬁl VS
784.4 (MtH) +, 782.2 (MH-. 5 e) [err] Water (50 nl), concentrated HC
(0.8 M. 9.6 mol) and 10% pal | adi um on carbon catalyst (7.5 g, 50% wat er
content) were added to a 10 solution of the product frompart (d) (7.46 g,
9.57 mml) in dioxane (125 m) at ro&ﬁﬂéﬂ&éﬁture under nitrogen. Hydrogen
was bubbl ed through the solution for 30 minutes and then the reaction was
stirred under hydrogen (1 atnosphere) for 11 hours. The reaction was
filtered through a Celite dawi ch was washed }M'th vva'El_ﬁr (albo;th 100 m)
until no product 15 could be/qiyglt ed ie.oéﬁe el uent. e solution was

frozen and |yophilized B gige ige solid. Purification by HPLC
(reverse phase, nethanol, .
_ N\[(N
0]

0 (homochiral)

a) N-Piperidinvicarbonyl chloride

5 Piperidine (0.3 g, 3.52 mmol) was added to a mixture of phosgene
(4.7 ml of 20% phosgene in toluene solution, 8.81 mmol) in methylene
chloride (5 ml) at 0°C. The mixture was stirred at 0°C for 1 hour. The
reaction mixture was evaporated in vacuo. The residue was suspended' in
ether, filtered and the eluents were condensed to obtain a yellow oil.

10  Purification by flash column chromatography (silica gel, 0 - 20% ethyl
acetate/hexane) gave 0.162 g of the title product. IR (film) 1738.9 cm-1.

b)
0

il
@—aely @
0
] /L /Ih.,
@_ CHo— O—C-N ™~
H H
/4

1
s

Triethylamine (32 mg, 0.314 mmol) and 4-dimethylaminopyridine

15  (10-15 crystals) were added to a cooled solution of the benzyl ester product
from Example 1(c) (120 mg, 0.21 mmol) in methylene chloride (1 ml) at
0°C. N-Piperidinylcarbonyl chloride (46 mg 0.314 mmol) was added and
the mixture was stirred at room temperature for 16 hours. The mixture
was then evaporated in vacuo. Purification of the residue by flash column

20  chromatography (silica gel, 0-20% ethyl acetate/hexane) gave 95 mg of the
desired product as a colorless gum. MS 684.3 M+H)*, 682.5 (M-H)"; IR
(film) 1783.9, 1731.0 cm-1,
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water, trifluoroacetic acid), subsequent |yophilization, filtration through
pol yvinyl pyridine with a water nobile phase, and final |yophjli | .
proved 3.3 g¥V8P¥RS desired product as a vol umi nous white s&é%ﬁ%gﬁ% 2
20 (M+ H)*, 424.4 (M- H-; IR (KBr) 1777 cm'. Anal. calc'd for [err] C
47.66; H, 7.58; N, 21.62; 0, 23.14 Found: C 47.58, H 7.37; N 21.41. -
103 - WD 99/ 67215
PCT/ US99/ 13811 Exanple 33 [err] Follow ng the procedure of Exanple 23(a)
but substituti ng phenyl acetyl chloride for the 3-phenyl propanoic acid
chloride, the 8ksired conpound was obtained as a yellow solid. b)

NH+HC1

H

o

{homochiral)

The product from part (b) (65 mg, 0.089 mmol) was deprotected and
5 worked-up as described in Example 21(d) to give 11 mg of the desired
product as a colorless glass. MS 326.3 (M+H*), 324.3, (M-H)".

Example 42

NH+CF:COOR
HoN g/\/ll”" CO-H
IS
o (homochiral)
10 0

a) 1.2.3.4-Tetrahvdroisoowinolinylcarbonvl chloride

1,2,3,4-Tetrahydroisoquinoline (0.5 g, 3.76 mmol) was added to a

cooled mixture of phosgene (5 ml of 20% phosgene in toluene solution, 9.4
mmol) in methylene chloride (5 ml) at 0°C. The mixture was stirred at

15 0°C for 1 hour. The reaction mixture was evaporated in vacuo. The
residue was suspended in ethyl ether, filtered and the eluents were
condensed to give a pale pink oil. Purification by flash column
chromatography (silica gel, 0 - 10% ethyl acetate/hexane) gave 0.586 g of
the desired product. IR (film) 1735.3 cm1.
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[err] A mxture of the product frompart (a) (2.68 mml), trifluoroacetic
acid (10 m ) and nethylene chloride (10 m) was stirred at roomtenperature
for 90 mi nWRS672BC showed the conpletion of the reaction. HEUSBMMNt  was
renoved and | N sodi um hydroxi de solution (10 ml) was 15 added. The m xture
was extracted wth ethyl acetate (100 m ). The organic solution was washed
with brine (20 nl), dried (magnesiumsulfate), filtered and concentrated to
gi ve 536 ngy X desired product as a colorless oil which was used without
further purification. IR (fim 3630 cm'. 20 c) O A m xture

0
of the product fro rt(b) (113 ng, 0.55 mmol) and triethylamine (92
J[err]l) in nethyl Z@mﬁz-d@-(q-m) was added tQ:C?—&% @ of phosgene
(351 [err]l, 20% in _Tol uene) ith t hyl ene chl ori 1 ) gerr]C
Il N/\/Il.,
H

@'_CHTO'C'ﬂ I 1
nlise

0]
Triethylamine (20 mg, 0.2 mmol) and 4-dimethylaminopyridine (8 -

N

10 crystals) were added to a cooled solution of the benzyl ester product
5 from Example 1(c) (77 mg, 0.135 mmol) in methylene chloride (2 ml) at

0°C. 1,2,3,4-Tetrahydroisoquinolinylcarbonyl chloride (39 mg, 0.2 mmol)
was added and the mixture was stirred at room temperature for 2.5 hours.
The mixture was then evaporated in vacuo. Purification of the residue by
flash column chromatography (silica gel, 0 - 30% ethyl acetate/hexane)

10  have 66 mg of the desired product as a colorless oil. MS 732.3 (M+H"),
730.7, M-H)"; IR (film) 1790.2, 1732.0, 1673.8, 1638.9 cm-L.

c)
NH  CF3COOH

HZNJL N/\//I"" CO2H
H |
o= |\ m
o} W (homochiral)
o)

15 The product from part(b) (65 mg, 0.089 mmol) was deprotected and

N\

worked-up as described in Example 19(c) to give 33 mg of the desired
product as a white foam. MS 374.2 M+H)*, 372.4 M-H) ; (film) 1788.0,
1668.0 cm-1.
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The resultant m xture was stirred at O[err]C for 2 hours and worked-up 5
according to_t cedure of Exanple 23(c) to give 74 ny of b ed
product as v QBW%WQSOI id. IR(film 1735 cm', 1645 cm 1. d)P%'fe}rﬁ? ﬁg*l}
Triethylamne (34 [err]l), 4-dinethylam nopyridine (30 ng) and a 10
solution of the product frompart (c) (74 mg, 0.28 mmol) in nethyl ene
chloride (2 mM) were added to a solution of_the benzyl ester product from
Exanmple I (c) (113 ng, 0.20 nmml) in n@%ﬁmﬂﬁl}.hl oride (1 m). The m xture
was stirred at roomtenperature for 2 hours. Analytical HPLC indicated that
the reaction was conplete. The reaction was quenched with 15 the addition
of i N potassiumsulfate (1Oymdnc: The m xture was extracted with ethyl
acetate (100 m). The orgaﬂc}@?r was Qed with brine (15 nl), dried
(magnesi um sul fate) and ¥8nc & Ve th ude product as a
colorless oil. Purification Using fljash chroma @ phy (30 - 50% et hyl
acet at e/ hexane) gave 73 ng of the d M5 (MHH) + 803.4, (M 20
H- 801.5; IR (filnm 1785 cmm-, 1793 cmi n 1793 CMhomoddikadft | 1640 cm ' .
- 105 -

o

i
llll
@_Cﬂz— oy ™ |
B H

.0\1
o

Sodium bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 180 ul,

0.18 mmol) was added dropwise to a -78°C solution of the benzyl ester
product from Example 1(c) (92 mg, 0.16 mmol) in tetrahydrofuran (2 m}).

10 The mixture was stirred at -78°C for 1 hour. Phenoxyacetyl chloride (24
ul) was added. The reaction mixture was stirred at -78°C for an
additional 20 minutes and was stored in a freezer (-50°C) overnight.
Analytical HPLC indicated that the reaction was not completed. Another
24 ul of phenoxyacetyl chloride was added and the mixture was stirred at -

15 78°C for an additional 3.5 hours. The reaction mixture was quenched by
the addition of water (10 ml). This was extracted with ethyl aceate (3 x 20
ml). The organic layers were combined and washed with brine (2 x 10 ml),
dried (magnesium sulfate), filtered and concentrated to give the crude
product which was purified by flash chromatography (silica, 30% ethyl

20 acetate/hexane) to give 65 mg of the desired product as a colorless oil. MS
M+H)* 707.1, M-H) 705.4; IR (KBr) 1798 cm?,
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[err] The product frompart (d) (67 ng, 0.83 mml) was deprotected and

wor ked-up according to the procedure of Exanple 19(c) to gi f the 5
desired pr¥®PO72S 3 white solid. M5 (MeH) + 445.2, (M H)- ﬁ%ﬂﬁ?ﬁﬁaﬁgn | )

1782 cm', 1677 cm'. Exanple 34 [err] Follow ng the procedure of Exanple
30 (a) through (d) but substituting cycl ohexyl methanol for the cycl ohexanol

in step (a), the desired conpound was obtained as a yellowoil. IR (film
1743 cm 1, 17A8A0GmIcm ' pb) -106 -
b)
NH-HC1

HgNJL N/\/ //,,.‘ COoH
H l
é"'—'N\r(\ Q
o 5 © (homochiral)

The product from part (a) (63 mg, 0.089 mmol) was deprotected and

5 worked-up as described in Example 21(d) to give 31 mg of the desired

product as a white powder: MS: (M+H)* 349.0, (M-H)- 347.2; IR (KBr) 1800
cm!, 1723 cm'!, 1649 cm-1.

Example 44
10
NH+CF3CO0H
HN” NN “, CO2H
H __r {homochiral)

e OO

a) 4-Biphenvlsulfonvl chloride

Sulfuryl chloride (392 pul, 4.74 mmol) was added dropwise to a 0°C
suspension of triphenylphosphine-resin (1.58 g) in methylene chloride (10
15 ml). A solution of 4-biphenylsulfonic acid (400 mg, 1.58 mmol) and
triethylamine (220 pl) in methylene chloride (5 ml) was added. The
mixture was stirred at room temperature for 6 hours and stored at 5°C for
3 days. This was filtered and the filtrate was evaporated. The residue
was coevaporated with toluene twice to give the crude product as a white
20  solid. Purification of the crude product by chromatography (silica,
methylene chloride) gave 180 mg of the title product as a white solid.
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The product frompart (a) is reacted with the benzyl ester product from
Exanpl e 1(c) according to the procedure of Exanple 30 (e) to

desi red pr odWO®9%2215 ol orless oil. IR (film 1786 cm', 1735 9996%80
cm', 1639 cnferr]. [err]

(honochiral) The product frompart (b) was deprotected and worked-up as
described in Exanple 21(d) to give the desi red pr oduct as a white solid. Ms
(MrH) + 467.3, PMH)- 465.5; IR (KBr) 1778 cm', 1541 cm'. 10 - 107 -
[[err] Cesiumcarbonate (14 ng, 0.H42 mvl) was added to a stirred solution
of the azetidi none pr ct of Exartple 1(b) (40 ngy, 0.083 Mo and

i odoet hane (27 gl, ﬁa"’ioer)‘ll‘Trret hyl f or mam de qo206H]-€ ) at

J\ /\/""
O e 00

Sodium bis(trimethylsilyl)amide (1.0 M in tetrahydrofuran, 255 pl,

0.26 mmol) was added dropwise to a -78°C solution of the benzyl ester
5 product from Example 1(c) (95 mg, 0.17 mmol) in tetrahydrofuran (3 ml).

The mixture was stirred at -78°C for 40 minutes. A solution of 4-
biphenylsulfonyl chloride (64 mg, 0.26 mmol) in tetrahydrofuran (1 ml)
was added. The reaction was stirred at -78°C for an additional 20
minutes and was stored in a freezer (-50°C) overnight. Analytical HPL.C

10 indicated the reaction was completed. The reaction was quenched with the
addition of 1N potassium bisulfate (20 ml). The mixture was extracted
with ethyl acetate (2 x 50 ml). The organic layers were combined and
washed with brine (20 ml), dried (magnesium sulfate), filtered and
concentrated to give the crude product (158 mg) as a yellow oil.

15 Purification of the crude product by flash chromatography (silica, 30%
ethyl acetate/hexane) gave 76 mg of the desired product as a colorless oil.
MS (M+H)* 789.0.
<)

NHeCF4COOH
HN %I/\///,,_ COoH

(homochiral)

OO0

20 The product from part (b) (70 mg, 0.088 mmol) was deprotected and

worked-up according to the procedure of Example 19(c) to give 17 mg of the
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roomtenperature. After 3 hours, the reaction mxture was partitioned 10
bet ween ethyl acetate and water containing a small anmount of S@gi Z‘% .

t hi osul f at .owzﬁrgani c phase was isolated, washed with saPGi e Hdi um
chloride, dried over nmagnesium sul fate. and concentrated. The residué was
purified by silica gel chromatography to afford 33 ng of the desired
product. 15 8& 0 ) O [err] - 108 - The product from part
(a) (86 ny, Odesiedpnedpciasiamhiteflpfiynowder. MBS (MO 468.2f t he

das described i
Evaml & 92 ) MMeghn- W1 STIR (KBS 175 e, Bt et s amic ' 7o 1"

Example 45
5 trans-3-[3-[(Aminoiminomethvl)aminojpropyll-2-oxo-

4-(2-phenylethyl)-N-(phenylmethyl)-1-azetinecarboxamide,

monohydrochloride

NHeHC1
HZN g/\//,".‘

N\

2.0
N\[( (racemate)
o _

10 a)

0
(O)—crz—o—t- cn-c—0) -
<::>f—CHT-O—EPN’ELN//\V///MM—__r'

i H\/@
Y/
o/ N,
0]

A solution of trans-4-(2-phenylethenyl)-3-[3-[N’ , N” -bis(carbo-

benzyloxy)guanidino]propyl]-2-azetidinone (130 mg, 0.2 mmol, prepared as
described in Example 3 of Han U.S. Patent 5,037,819) in tetrahydrofuran
15 (1.5) was cooled to -78°C under an argon atmosphere. A 1 M solution of
sodium bis(trimethylsilyl)amide (0.21 ml) in tetrahydrofuran was added
and the mixture stirred for 15 minutes. Benzylisocyanate (40 mg, 0.3
mmol) was added dropwise and the mixture was allowed to warm to room
temperature and stirred for 1 hour. The reaction was diluted with aqueous
20  10% potassium hydrogen sulfate solution (10 ml) and extracted with ethyl
acetate (3 x 10 ml); the combined organic phase was washed with water

(25 ml), brine (25 ml) and dried over sodium sulfate. The solution was
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di ssolved in nethylene chloride (1.80 m) and tetrahydrofuran (0.20 m).
Tri et hyl am Jlerr]l, 0.252 mmol) was added foll owed byg4:. .

di met hyl am r’fﬁﬂ%?ﬁm e (4.0 ny, 0.034 mol). After 48 hours t érlp%sgg 8|¥_(l)n was
concentrated and the crude product was purified by silica gel 10

chromat ography to give 71 ng of the desired product. [[err] The product
frompart (b) Egﬁs depr&t ect d and wor ked-up,accordi &gpto the procedur
described in 89’& %ppﬁ%teéég gieRppibddie rasidus was Byahied ot e

i ot - buty C%f@ﬁfﬁ?ﬂiﬁ&é@a e sih Brba P e DHdoRE 4. o0
mol ) in tetraBﬁ%%ﬁ?ﬁ@désﬁ}%?od%éﬁéggﬁﬁrﬁs%ﬁp‘MQ?MO%B" ¢49. ninutes to a

sol uti on of honopl perazi ne

o

5 b) trans-3-{3-(Aminoiminomethyl)aminolpropyl}-2-oxo-4-

{2-phenvlethyD)-N-(phenylmethyi)-1-azetinecarboxamide,

monohydrochloride

A solution of the product from part (a) (67 mg, 0.1 mmol) in dioxane
(1.5 ml) containing aqueous 1N HCI (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 - 154°C(dec). MS (M+H)* 408: IR (KBr) 1761

cm'l.

15 Example 46
trans-3-[3-[{Aminoiminomethvl)aminolpropyl]-N-methvl-2-oxo-
4-(2.-phenylethvl)-1-azetinecarboxamide, monohvdrochloride
NH-HC1
HoN N~ “,
H
/—N—C—N—CH; (racemate)
o I H
0

20

a)

0
@—c _O_i(!:-/INL /\/”“ ——{CH=CH_-@
<::>-—cﬁro—c-

Al
e
=
3



mmol) in tetrahydrofuran (40 m). The reaction mxture was stirred at room
tenperature for 2 hours. The m xture was then filtered and #&@H& gﬁgﬁte was
concent r at &P 197 &sve crude product as a colorless oil. Puri

flash chromat ography (5% 2 N ammonia in 10 nmethanol i nethvl ene chl orlde)
gave 410 ng of the desired product as a colorless oil. IR (film 1691 cm'
b) [err] Diisopropylethylamne (380 [err]l), 4-dinethylam nopyridine (35
ng) 15 and a solution of isobutyl chloroformate (242 [err]l, 1.87 mml) in

t hyl hlorid ded nr oduct f t
g?rggg?l:?;b[‘iré?iﬂiﬁwéﬁ FeFogRERe of Brdrp Eeefi%@?ﬁan?su idHia ur o Watm p
was quenched WI he! agglé??%#ggfd%ﬂ%%{rﬁ%& %gr&#g‘\é%g’gé thyaagcszigrg ing to

20 the pr ocqﬁﬁdﬁctdm%gbwdsldbtﬁh%HMS%.&ﬂoﬂéﬁs 610. MY MSID+ rsnsof the desired
product . I5R(f|In) 1696 cm'. c) [err] .

b) trans-3-[3-[(Aminoiminomethyl)aminojpropvl]-N-methyl-2-oxo-

4-(2-phenylethv])-1-azetinecarboxamide. monohvdrochloride

The product from part (aj (77 mg, 0.13 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 - 146° (dec). MS (M+H)* 332;
IR(XBr) 1761 cm-!.

Example 47
NH+HC1
HyN 1}}1’\/”'

4—N'—ﬁ— CH, [Chiral (+)]

0]
15 a)

i
@_CHZ"%" C‘/INL CH=CH_@
III:
Qoo

4/—NH
0O

[Chiral(-)]
trans-4-(2-Phenylethenyl)-3-[3-[N’ , N” -bis(carbobenzyloxy)gua-
nidino]propyl]-2-azetidinone was separated into enantiomerically pure
(-) isomer and (+) isomer on a Chiralpak-AD® prep-column eluting with

20 30% 2-propanol/hexane.
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The product frompart (b) (499 ng, 1.66 mol) was treated with 25
trifluoroacetic acid (2 m) according to the procedure of Ex )-to
-110- -gi V¥ &Wﬂﬁ of the desired product as a colorl ess o?f'P}\(Aﬁ %ﬁﬁ

used without further purification. IR(fin) 1695 cnferr]'. d) [err][ 5

The product frompart (c) (303 ng, 1.51 mol) was reacted with phosgene in
toluene (1.2 nj, 20% at O[err]C according to the procedure of Exanple 28
(c) to give 29b)mg of the desired product as a colorless oil. IR (film
1737 cm', 1697 cm'. e) 10 [err] Triethylam ne (34
[err]l), 4-dinet am nopyrld?ne (10 ng) and a sol utionf t he product from

part (d) (62 ny, ﬁﬂn‘l’P‘rCBrlliret hyl ene CH=CH
/L l’h
@erety ™~
J—N’C_’CH3
i
© (0]

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 -78°C under an argon

atmosphere. A 1M solution of sodium bis(trimethylsilyl)amide (0.44 ml)
in tetrahydrofuran was added and the mixture was stirred for 15 minutes.
Acetyl chloride (32.2 mg, 0.41 mmol) was added dropwise and the mixture
was warmed to room temperature and stirred for 1 hour. The reaction was

10 diluted with aqueous 10% potassium hydrogen sulfate solution (10 ml)
and extracted with ethyl acetate (3 x 10 ml); the combined organic phase
was washed with water (25 ml), brine (25 ml) and dried over 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)
ijH.HCl
HoN 1;{‘/\//4,"‘
J——N—C— CH [Chiral(+)]
Y I
0

A solution of the product from part (b) (140 mg, 0.258 mmol) in
20 dioxane (3.5 ml) containing 1N HCl (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
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chloride (2 mM) were added to a solution of the benzyl ester product from
Exanple I (¢ 113 ny, 0.20 mmol) in nethylene chloride (1 nj 5.
é‘z‘ﬁ %’”ﬁg{b‘é?‘}{l

m xture wa Y¢7¢2d at room t enperature overni ght. Anal yti ch

i ndi cated that the reaction was conplete. The reaction was quenched W th
the addition of IN potassiumbisulfate (15 nl) and worked-up according to
t he procedure of Exanple 28(d) to give, follow ng purification, 92 ng of
the desired gsdderieriess splido| MS @ELHY; 317; VB (KBrHL 782 o4 [a]pivt H).8° (257 16.

The product from pabt (e) (81 ng, 0.10 mmol) was deprotected and wor ked-up

accordi ng t o Meihago
product as a colorless glass. M5 (MtH) + 441.3, (M H)- 439. 4;

cedure of Exanple 19(c) to give 5 ng of the desired

IR (film 1784

cm', 1665 cm'. 5 Exanple 37 10 [err] Sodium

bis(trinmethylsilyl)amde (1.0 Min tﬂ‘aﬁ_{mgr uran, 154 [err]l,

S ONPYS.
HoN HN/\/ %,

S—N—o— i [Chiral (-)]

]
5 o _
Following the procedure of Example 47(b) and (c) but employing

chiral(+)-trans-4-(2-phenylethenyl)-3-[3-[N’ , N”-bis(carbobenzyloxy)-

guanidino]propyl]-2-azetidinone, the desired product was obtained.

10 Example 49

HoN JI._\II/\/”’«__I-\“ (racemate)
— 1))
AT )

0O

a)
O

Il
<:>-—CHro-c-g N

o ITLI)@_@

A solution of cis-4-(2-phenylethenyl)-3-[3-[N’ , N”-

. ,',,,

15  bis(carbobenzyloxy)guanidino}propyl]-2-azetidinone (300 mg, 0.555 mmol,
prepared as described in Example 3 of Han U.S. Patent 5,037,819) in
tetrahydrofuran (2.5 ml) was cooled to -78°C under an argon atmosphere.
A 1 M solution of sodium bis(trimethylsilyl)amide in tetrahydrofuran (0.8

ml) was added and the mixture stirred for 15 minutes. 4-

- 128 -



0.15 nmml ) was added dropwise to a -78[err]C solution of the benzyl ester

product from Exa 1(c) (80 ngy, 0.14 mol) in tetrahydr of The
mxture was WP g?g@dg -78C for 40 m nutes. A solution of 2%'?@0§%llg§l)l

t hi ophenecar borryl chl ori de (34 [err]l, 0.30 mml) in tetrahydrofuran was
added. The reaction was stirred at -78C for an additional 6 hours and was
stored in a freezer 50[err]©) .overnight. Analytjcal HPLC indicated_the
reaction was cBigheny awlrflak‘M‘ﬁ%ﬂaﬂ%ugé mmql)m@éﬂqsvim@n%mamh on of

t ted hl d | ut 5.m). Th ted
S S oy A b 1
1) S 154 e s e s s e

concentrat ed tO gl ve t e cru was pur

flash chromat ogaipieysofetién (16 mZ)Oand a%@ﬂemohﬁa@ﬂiﬁtaeéméwe)w RlPthe 57 ny
of the desired product as a white solid. M5 (M-H) + 683. (MHY- 681.6; |R
(KBr) 1796 &m corbiidvedcrganicpdviBe svas washed with water (25 ml) brine (26 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, 1:4) yielding 320 mg of the

desired product as a colorless solid. MS (M+H)* = 721.

10 D)
NHeHC1 \Q
HzNJL}}IT/v ”"-__I-\“ (racemate)
F— T~
0

A solution of the product from part (a) (300 mg, 0.48 mmol) in

dioxane (3 m]) containing aqueous 1N HCI1 (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

NHHC1
HzN Iﬁl/\/," {homochiral)

._N

N

20
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b) [err] The product frompart (a) (53 ng, O. :)78lgr(ml)) was_deprotecte]g ?Ed
wor ked-up according to the procedure of Exanple c) to gi . the
desired Br&'&ﬁ’f‘"%@ a white powder. M5 (MrH)+ 324.9, (MH)- W%ggﬂ?g?r] 15
Sodium bis(trinethylsilyl)am de (1.0 Min tetrahydrofuran, 131 [err]]l,
0.131 mml) was added to a solution of the benzyl ester product from
Exanple 1(c) (73.1 ng, 0.127 mmol) in dry tetrahydrofuran (2 m) under
nitrogen at &¥80C. The reaction mxture was stirred at -78[err]C for 30

m nutes then 4-biphenyl carbgnyl chloride (29 ng, 0.134 mmol) was added -

113- in a si e portionlf The reaction m xture was irred at -78[err]C
for 5 mnutes EH2atO=8Ferr] C for 15 m gutEs KOS (1 M) was added
foll owed i nmediately by eﬁ)hyl acetate §,,3 m ) The resu ng bi phasic

II;I/\/

CH;—O—C-E

N\

e n 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 -78°C under an argon
atmosphere. A 1M solution of sodium bis(trimethylsilyl)amide (0.74 ml)
in tetrahydrofuran was added and the mixture stirred for 15 minutes. 4-
| Biphenylcarbonyl chloride (163 mg, 0.75 mmol) was added dropwise and
the mixture was allowed to warm to room temperature and stirred for 4
10  hours. The reaction was diluted with aqueous 10% potassium hydrogen
sulfate solution (15 ml) and extracted with ethyl acetate (3 x 15 ml); the
combined organic phase was washed with water (25 ml), brine (25 ml) and
dried over sodium sulfate. The solution was filtered and the solvent
evaporated to give an oil. The residue was purified by flash column
15 chromatography yielding 290 mg of the desired product as a colorless solid.
MS (M-+H)* 721.
b)

_ NH+HC1
HoN 1}\;/\//'"-‘ (homochiral)

0” Ng@@

The product from part (a) (280 mg, 0.4 mmol) was deprotected and

20 worked up as described in Example 49(b) to'give 172 mg of the desired
product as a colorless solid. MS (M+H)* 455; IR(KBr) 1782 cm'!; [o]e2 =+
12° (¢ = 1, methanol).
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solution was stirred vigorously while warmng to roomtenperature. The 5
organi ¢ phas arated, dried over magnesium sul fate, fipb?ﬂf -
concentr at eds‘f%&?gg e a light yellow residue. Purification by asgﬂlﬁ?ld
chromat ography (silica gel, 0.30%ethyl acetate in hexane) gave 28 ny of
the desired product. IR (film 1797 cm'; M 753.1 (MtH)+. b) 10

[err] The product frompart (a) (28 ng, 0.037 mmol) was deprotected and
wor ked-up according to the procedure of Exanple 19(c) to give 11.8 ng of

the desired product as a |yophilate. LR _(fi 1788 cm'; M5 395.1 (MtH) +,
393.3 (MH-. 15 Exanple 39 a) Bi phgﬁﬁ!é%@l chl oride 20 Oxal yl

chloride (246 1, 2.86 mmol) and one drop I met hyl f or mam de were added
dropwi se to a suspensi on ¥¥-HECl114 -

H2N N/\/ ,I'," .\\\
H

00

(racemate)

0]
0

Following the procedure of Example 49(a) but substituting (2-
naphthyloxy)acetyl chloride for the 4-biphenylcarbonyl chloride, the
desired product (134 mg) was obtained as a colorless solid. MS (M+H)*+

10 725.
b)

X J
AN, N

H;N I}\g -—I

oé_NY\ 0~ ‘ ‘

o)

{racemate)

The product from part (a) (1256 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.
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bi phenyl acetic acid (30 ng, 1.41 mmol) in nethyl ene chl or\i de (10 m). The
m xture was stirred at roomtenperature for 20 m nutes. %Cffﬁj%ﬁﬁ
evapor at eVQAHSRHe resi due was coevaporated with toluene t éﬁ/e 310
mg of the title product as a yellow solid. [err] Sodium
bis(trinethylsilyl)amde (1.0 Min tetrahydrofuran, 315 [err]1, 0.31 nmol)
was added dropwise to a -78[err]C solution of the benzyl ester 10 product
of Exanmple 1(c) (120 ng, 0.21 mmol )Examme&ydrofuran (3 m). The nixture
was stirred at -78[err]C for 2.5 hours. A solution of biphenyl acetyl
chloride (58 ng, 0.25 mol) in tetrahydrofuran (1 m) was added. The
reaction mxture was stirred at -78CC for.an additional 2.5 hours and was
stored in a freezer (-¥O{¥¥r]1C) overnig he reaction mxture 15 was
partitioned bet vveegiﬁ ~JGReAt e ( d wat ethdridchiinal)The organic
nd

| ayer was separ at ed? shed bri ne
sulfate), filtered and concentrpte

(20 dried (magnesi um .
to give de product whi ch was
purified by flash chromat ograBWTQ‘Nwre&o BR3P g#hy |

@—Cﬂro-c- T :(C h
; f \?

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)

H,N Ilg’\/ u,, I (homochiral)
0 “\]/\0
o)

The product from part (a) (200 mg, 0.276 mmol) was deprotected

A\

and worked-up as described in Example 49(b) to give 108 mg of the desired
product as a colorless solid. MS (M+H)* 459; IR (KBr) 1780 cm-; {022 =+
156  18° (c=1, methanol).

-132 -



acet ate/ hexane) to give 22 ng of the desired product as a yellow solid. M5
20 (M+H)+ 767. 1: (KBr) 1796 cm', 1730 cm', 1640 cm'. he
pr oduct fr'or‘rW;?aéfﬂ% ) (40 ng, 0.052 mmol) was deprotected angcmégégfﬁp
according to the procedure of Exanple 19(c) to give 11 ng of the 5 desired
product as a white fluffy powder: Ms: (MtH) + 409.2,(MH)- 407.2; IR (KBr)

1782 cm|, 1684 cm', 1645 cm'. ExarrpEga@m(sg [err] a)
4- Benzyl pi peri di nvl carbonvl chl oride 4-BenzylTpiperidine (0.5 g, 2.86 mol)
was added to a mi xture of phosgene (3.8 m of 20% phosgene in tol uene
solution, 7.13 mml). The m xture was sjirred at OC for 1 hour. The
reaction m xture was 15 «HCLi oned beggveen water (25 m) and ethyl

acetate (2 x 25 m). TQeN §a,nig/,g’hase N(oaghed with IN HO (1 x 40 nl),

saturated sodi um 2
H {homochiral) .
Y

N
o
(2]
m
1w

a)
0
] g
@—CHZ_%‘C'lN C—N (CHy) 5
i J\ n,,
CHy~ O—C-N N/\/ l
H H
- NH
5 o’

A solution of the carboxylic acid product from Example 1(b) (140 mg,

0.288 mmol) in tetrahydrofuran (2.5 ml) was cooled to -20°C under an
argon atmosphere and N-methylmorpholine (32.1 mg, 0.317 mmol) was
added. A 2 M solution of dimethylamine (1.1 eq) in tetrahydrofuran was

10 added followed by the addition of benzotriazol-1-yloxytris-
(dimethylamino)phosphonium hexafluorophosphate (140 mg, 0.317 mmol).
The reaction was stirred at -20°C for 24 hours, poured into 5% potassium
hydrogen sulfate solution and extracted with ethyl acetﬁte. The ethyl
acetate extract was washed with water, brine and dried over sodium

15 sulfate. The solvents were evaporated and the crude residue was purified
by silica chromatography eluting with ethyl acetate yielding 56 mg of the
desired product as a colorless solid. MS (M+H)* 510.
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chloride (1 x 50 m), dried over sodiumsulfate and concentrated to give a

yellow oil. Purification by flash colum chromat ography (silica gel, O.-
10% et hyl X¥QRPH¢%21hexane) gave 0.47 g of title product. IR FFﬁUﬁ?’”ﬁ]\S’S. 1
cm'. - 116- [err] Triethylamne (17 ng, 0.165 mmol) and ’

4-di net hyl am nopyridine (6-8 crystals) were added to a cool ed sol uti on of

t he benzyl esper product 5 from Exanple 1(c) (63 ng, 0.11 mmol) in

nmet hyl ene chloride (2 m) at OC. 4-Benzyl pi peridinyl carbonyl chloride (39
ng, 0.165 mol) was added and th | m xture was stirrgd at O[err]C for 45

m nutes foll owed by L g, -3bJagym tenperature fdt_2 5 hours. The mxture
was then evaporated vacuo. %Jl’.iﬂi cation of the pEsy s By flash

chr omat ogr aphy (silz gel, 0 4 30% 10 s yts e/ hexane) gave 68 ny of
the desired produc@'ﬁ%@ﬂ%‘% o?. MB 774.2 (MH) +, 772 4A(MH-; IR
(film 1785.1, 17320, 1674.2, 1639.3cm’. NH\(N O

O CHs !!Iﬂ

A solution of the product from part (a) (48 mg, 0.094 mmol) in

tetrahydrofuran (0.4 ml) was cooled to -78°C under an argon atmosphere.
5 Sodium bis(trimethylsilyl) amide (1 M, 1.5 eq.) was added and the

mixture was stirred for 30 minutes. (R)-(-)-1-(1-Naphthenyl)-ethyl
isocyanate (27.2 mg, 0.141 mmol) was added. The mixture was stirred at -
78°C for 30 minutes and then allowed to warm to room temperature and
stir for 4 hours. The reaction was poured into 5% potassium hyﬂrogen

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 ¢

NHeHC1 Q

C-N(CH;3}»

H,N %I/\/ll"'—'r
H {homochiral)
N
O CHs O

A solution of the product from part (b) (24 mg, 0.03 mmol) in

N

dioxane (1 ml) containing HCI (1.5 eq.) was stirréd 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
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[err] 15 The product frompart (b) (65 ng, 0.084 mol) was
deprotected a d-up as described in Exanple 21(d) to give_39 of
t he desired p%d%gz‘{ﬁ%s a white lyophilate. M5 416.2 (MH) +, 4WW§?’§P

| R(CKBr) 1784, 1657 cm|. - 117 - Exanple 41 [err] a)
N- Pi peri di nyl carbonvl chloride 5 Piperidine (0.3 g, 3.52 nmol) was

added to a m xture Qfsipkp flfmfct 7 Q @@gﬁ hdh.troh uene ution,
8.81 nmmol) in net hyPesne cﬁ or | d(gézasco;ﬂr}éggts%ggﬂﬁ mztt%ébé [%jans st]|'rrcdi'at
OC for 1 hour. The wRARLKAGN M Xture was evaporated in vacuo. The residue
was suspended in ether, filtered and the eluents were condensed to obtain a

yellow oil. 10 Purification by flash colum chromatography (silica gel, O
- 20% et hyl
Example 54
5 .
j‘\H CO,H
/I/.,‘
HoN I}\%/\/ I O
& N N—(CHy) - O C(CH3)s

1
O CH(CH3); CH(CH3)»

{(homochiral)
a)
i ,
HN-—{(CH;) ;~N-=C— 0—C{CH3}3
|
CH(CHs)» CH(CH3) 5
10 A mixture of di-tert-butyl dicarbonate (1.51 g, 6.9 mmol) and

triethylamine (0.7 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

15 and washed with methylene chloride. The filtrate and washings were
condensed to obtain a colorless oil. Purification by flash column
chromatography (silica gel, 1 - 5% 2M ammonia in methanol/methylene
chloride) gave 50 mg of the desired product as a colorless oil. MS 245.2
(M+H)*.

20 b)

i [
Cl— C—N—{(CH;) ;- N—-C— 0—C{CHj3) 3

l
CH(CH3)2 CH(CH3),
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acet at e/ hexane) gave 0.162 g of the title product. IR (film 1738.9 cm|.
b) [err] Triethylamne (32 ng, 0.314 mmol) and 4-di net hyl am no/E)J ri dine 15
(10-15 cryg‘f%?%‘%é re added to a cool ed solution of the ben'z’? é’é"(lé?“
product from Exanple 1(c) (120 ng, 0.21 mmol) in methylene chloride 11 m)
at O[err]C. N Piperidinylcarbonyl chloride (46 ng 0.314 mol) was added and

Lhen evapor at od | hog BEvaiet R RerE (D 14 e 118 b O 3084 Sagell 6 L' 01 T 00

t hen evaporated i n uacuo. Puri colum 20

chr omat ogr apmixtise lof phoSeine -84 of B P0%PEERSsEeat iR tdRhe 8MRicHO 0Mp Of the
desired product -as a colorless gum M 684.3 (MH) +, 682.5 (MH); IR (film

1783. 9, 1731minaljrin methylede-chlorije(l mhrac0C fullosved by theadditiom)of( 65 ny,
0.089 mml ) was_deprotected and

triethylamine (25 pul, 0.18 mmol). The mixture was stirred at 0°C for 1

5 hour. ‘The reaction mixture was evaporated in vacuo. The residue was
purified by flash chromatography (silica gel, 0 - 10% ethyl acetate/hexane)
to give about 30 mg of the desired product as a colorless oil. IR(neat)

1732.0, 1694.5 cm-.

10 o

I
©_CH2—'O—C'TI COzCHz—@
o)
T /L /Ih.
@_cﬁr ot o
H H 1l

N—{(CH;) - N—-C——O0—C(CH;3) 3

o] (|3H(CH3)2 CH(CH3)2
Triethylamine (15 pl, 0.104 mmol) and dimethylaminopyridine (10 -

12 crystals) were added to a solution of the benzyl ester product from

Example 1(c) (40 mg, 0.07 mmol) in methylene chloride (1 ml) followed by
15 the addition of the acid chloride product from part (b) (25 mg, 0.084 mmol).

The mixture was stirred for 48 hours and then evaporated in vacuo and

purified by flash chromatography (silica gel, 0-30% ethyl acetate/hexane)

to give 21 mg of the desired product as a colorless oil. |

MS 843.5 M+H)*, 841.8 (M-H)"; IR (film) 1785.1, 1733.1, 1681.7, 1640.9

20 cml
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5 worked-up as described in Exanple 21(d) to give 11 ng of the desired
product as a colorless glass. M5 326.3 (M-H+), 324. 3, (MH) & 42
[err] a) - 1W®98/6R1Fet r ahvdr oi sogui nol-i nyl car bonyl chl ori de peitRishr

1, 2; 3, 4-Tetrahydroi soquinoline (0.5 g, 3.76 nmol) was added to a cool ed

m xture of phosgene (5 m of 20% phosgene in toluene solution, 9.4 muol) in
met hyl ene chl ad)ide (5 nml) at 00C. The m xture was stirred at 15 O[err]C
for 1 hour. The r tion m xture was evaporated in uacuo. The residue was

suspended in ethylgether, filteregOalid the el uents were condensed to give a
pal e pink oil. Purljficatiommbhy flfash col uim chromat ography (silica gel, 0 -
10% et hyl acet havMave 0/586 g of the desired product. IR (film

1735.3 cm"'. - 119 #H [err]] —
04 N N— (CH, ) ;=N O—C(CH3)3

|
O CH(CH3)z CH(CH3):

(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

o

ml) containing 1N HCI (25 pl, 0.025 mmol). Hydrogen gas was bubbled
through the solution for 4 hours. The reaction mixture was filtered through
a pad of Celite® which was then repeatedly washed with 1,4-dioxane (10
ml) and water (15 ml). The combined eluents were lyophilized. The white
lyophilate was dissolved in water and passed through a plug of |

10 polyvinylpyrrolidone eiuting with water. The eluents were lyophilized to
give 12 mg of the desired product as a white lyophilate. MS 485.3 (M+H)*,
483.56 (M-H). IR (KBr) 1778.0, 1665.0 cm-1.

Example 55
NH+2CF3C0O0H

HzNJLN/\//" CO,H /\/@
H

Y o

o’ N\n’ i

15 (homochiral)

~ A

O
c1—C~X N
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Triethylamne (20 ng, 0.2 mmol) and 4-di net hyl am nopyridine (8 - 10
crystals) were added to a cool ed solution of the benzyl ester oduct 5
from ExanpM™O ®(@¥15(77 ng, 0.135 nmol) in methyl ene chl ori de"fﬁ%ﬁ’?n%ﬂl
O[err]C 1, 2,3, 4-Tetrahydroi soqui nolinyl carbonyl chloride (39 ng, 0.2 mol)
was added and the m xture was stirred at roomtenperature for 2.5 hours.

The m xture was t hePh&ysth9lpip@czire WFPZ.G@ltﬁhidlﬁﬁhé added td Aenixearedofe by
flash col umm chronmat ography (silica gel, 0 - 30% ethyl acetate/hexane) 10

have 66 ny ofp}mhgmbe@ﬁadqiﬂ@%mhomnainmlueneseluﬁdn, smnmg)m ( MEHH) |
RN PONURUIE I N NN IO (1
whi te.f oam  (GATHERCE o) 138 dlatfrefalludied 0T SHoRLOGHEINY. ©

120 - 5 evaporated in vacuo. 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)

Triethylamine (47 pl, 0.34 mmol) and dimethylaminopyridine (10 -

12 crystals) were added to a solution of the benzyl ester product from -

Example 1(c) (129 mg, 0.23 mmol) in methylene chloride (3 ml) followed by
15 the addition of the acid chloride from part (a) (86 mg, 0.34 mmol). The

mixture was stirred at room temperature for 5 hours and was then

evaporated in vacuo giving a pale yellow paste. Purification by flash

chromatography (silica gel, 0 - 35% ethyl acetate/hexane) gave 120 mg of

the desired product as a colorless oil. MS 789.4 (M + H)*, 787.7 M - H)";
20 IR (film) 1785.5, 1732.1, 1679.1, 1639.4 cm-1.
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[err] Sodiumbis(trinethylsilyl)amde (1.0 Min tetrahydrofuran, 180
[err]l, 0.18 mmol) was added dropwise to a -78[err]C solutio enzyl
est er producwof”@hléxanpl e 1(c) (92 mg, 0.16 mol): in tetrahgﬁf@ls%%%ﬁw
m). 10 The m xture was stirred at -78[[err]C for 1 hour. Phenoxyacetyl
chloride (24 [err]1l) was added. The reaction m xture was stirred at
-78[err]C for an additional 20 m nutes and was stored in a freezer
(-50[err]C overnight. Analytical HPLC indicated that the reaction was not
conpl et ed. Anot her 24 [N#2] CFg#OQhenoxyacetyl chloride was added and the
m xture was stirred IS _-#8[ erplGior an additjsgal 3.5 hours. The
reaction m xture Waggﬁue ched by addi tion of wd (10 mM). This was
extracted with ethyl aceate (3 ¥ 201 m)./The .engar ayers were conbi ned
and washed with brine(2x10(5zP7,_ | ( nesium sul fate), filtered and
concentrated to give the crude” produc ' was purified by flash .
chr omat ogr aphy (silica, 30%ethyl 20 Qacetate/ hexane) (rongickdr&%)ny of the
desired product as a colorless oil. M5 (MtH) + 707.1, (MH 705.4; IR (KBr)
1798 cm', - 121- 10% Palladium on carbon catalyst (60 mg, wet added) was added to

a solution of the product from part (b) (118 mg, 0.15 mmol) in 1,4-dioxane
5 (8 ml) containing 1N HCl (0.18 x.nl, 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 1,4-
dioxane (10 ml) and water (15 ml). The combined eluents were lyophilized
to obtain 77 mg of a white lyOphilate. Purification by HPLC (revese phase.

10 methanol, water, trifluoroacetic acid) gave 52 mg of the desired product as
a white lyophilate. MS 431.2 (M+H)*, 429.3 (M-H)"; IR (KBr) 1790.0,
1678.0 cm-L.

15 0 (homochiral)

0 Ne=
cl— 'c':—uf—\m—(\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
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The product frompart (a) (63 ng, 0.089 mol) was deprotected and 5

wor ked- up as described in Exanple 21(d) to give 31 ng of th?ﬁﬁ LI )
product asWO W powder: M. (MrH)+ 349.0, (M H)- 347.2 f %ﬂ‘?ﬁisoo

cm', 1723 cm', 1649 cm'. Exanple 44 10 [err] a) 4- Bi phenyi sul f onyl
chloride Sulfuryl chloride (392 [err]l, 4.74 mol) was added dropwi se to a

O[err] C suspegier@6didm bﬁlf&tféeﬂlfﬂepé'wﬁﬁﬁlcaﬁcérﬁﬁé.ﬁéd(té 9k ¢ of Tg2-hyl ene
chloride (10 15 m). A sol ution of 4-Dbi phenyl sul fonic acid (400 ny, 1.58

nmol ) and tripripidypipexa2dee. [err] I ) in methylene chloride (5 m) was
t Slerr] C T o)r(t 3 chpalueionif 1y pmw PORiDarFRn 618 18 MU bHlEnec gate cd.
s AR Bl B R
(silica, 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

chloride/hexane to give 3g of the desired product as a white solid. IR(film)

1735 cm-1,

b)

0O
©O)—cra- o g’j‘\ cosci,—<O)
N==
SN

15 The acid chloride from part (a) (1.11 g, 4.8 mmol), triethylamine

(700 pl, 5.0 mmol), dimethylaminopyridine (200 mg, 1.64 mmol) were
added to a solution of the benzyl ester product from Example 1(c) (1.56 g,
3.23 mmol) in methylene chloride (15 ml) under nitrogen at room
temperature. After stirring at room temperature for 7 hours, the reaction

20 mixture was diluted with hexane (5 ml) and was then added to the top of a
silica gel column (wetted with methylene chloride) for purification by flash
chromatography (0 to 30% ethyl acetate/methylene chloride) to give 1.6 g of
the derived product as a white foam. MS 763.2 M+H)*, 761.7 (M - H)"; IR
(KBr) 1788 cm-1.

- 140 -



met hyl ene chloride) gave 180 ng of the title product as a white solid. -
122 - [err] sSodiymbis(trinmethylsilyl)amde (1.0 Min tetg an,
255 [err]l, oo | ) was -added dropwi se to a -78[err]C solu o%ggo?ﬂ?he
benzyl ester 5 product from Exanple 1(c) (95 ng, 0.17 mmol) in
tetrahydrofuran (3 m). The m xture was stirred at -78[err]C for 40

m nutes. A solgtion of 4- biphenylsul fonyl chloride (64 ng, 0.26 mmol ) in
tetrahydrofuran (1 m) was added. The reaction was stirred at -78[err]C for
an addi tional 20 m nut ‘&fd was stored in a freezer (-50[err]C) overnight.

Anal ytical HPLC 10 hgatedevhe rgaogion was conpleted. The reaction was
quenched wth the ag Itien of 1N'F6?gssium bi sulfate (20 mM). The m xture
was extracted with ethyl gacetatg (2! x 50 Y. TK& rganic |layers were

conbi ned and washed with bri neo'(?'(f w gnesiumsul fate), filtered
and concentrated to give the crude produ (158 as a yellow oil. X

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) 1777 cm-1.

Anal. cale’d for C17H2sNsO4+ 1.0 HC1 + 1.54 H20:
C, 43.20: H, 6.84; N, 23.71: 0. 18.75: Cl, 7.50

=)}

Found: C, 43.31; H, 6.59; N, 23.09: O (not calculated) ; Cl, 7.06.
10
Example 57
NHe«2HC1
HyN N/\//’:,_ COzH
H )j\/
T O
NH;
(homochiral)
a)
A/C}Iz
(H3C)3—C—-O-C—N Y \©
\__/ =
N\
i O'CHZ—@
15 0

Triethylamine (0.22 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
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15 Purification of the crude product by flash chromatography (silica, 30%
et hyl acetate/ hexane) gave 76 ng of the desired product as a c/g%rl ess. oil.

M5 (MtH) + W9%7215) [err] 20 The product from part 1 0. 088
mmol ) was deprotected and worked-up according to the pr ocedure of Exanpl e
19(c) to give 17 nmg of the - 123- desired product as a white quffy

powder. M ( Nﬂl&’ﬁﬁ#bﬂ ﬂerﬂ-ﬁ&tﬂrl pigelbiie dhrbdlate (0l3g( KBrmimbl)/ ke ', 1665
cml, 1595 cm'. Exanple 45
trans- 3- [ 3- [ (mixtwxs waaemad\at)mnm@marpwmmr &dwurs. The mixture was

?e§ r2] phenvl ett ng )tiﬂuté(P Qv?try mg%‘hy%ng cﬁlo%zd%téo mﬁ ral%lcc)lxv?r;nshed Wlmi)l ﬁ@’iféf’(c hporiae
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 acetate/hexanes) gave 554 mg of
the desired product as a white foam. IR(film) 1698.2, 1649 6 cm-l.

b)
(@]
CH
Oady
n_/ S
AN
10 0

Trifluroacetic acid (3 ml) was added to a solution of the product
from part (a) (650 mg, 1.14 mmol) in anhydrous methylene chloride (3 ml)
at 0°C. The mixture was warmed to room temperature and stirred for 1.5
15 hours. The mixture was then condensed to give a colorless oil. The oil was
dissolved in water, the pH was adjusted to 12 - 13 with sodium hydroxide
(50% solution) and extracted with ethyl acetate (3 x 50 ml). The organic
phase was dried over sodium sulfate and condensed to give 0.48 g of the

desired product as a pale yellow oil. MS 368.2 (M+H)*.

20 ¢
oontO)

0]
The producf from part (b) (0.322 g, 0.84 mmol) in methylene chloride

0]
a—t—y

(3 ml) was added to a mixture of phosgene (1.11 ml of a 20% phosgene in
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A sol ution of trans-4-(2-phenylethenyl)-3-[3-[N,,N" -bis(carbo-

benzyl oxy)gua@% %lgpropyl]-z-azetidi none (130 ng, 0.2 nmol,

described in F@ 3 of Han U.S. Patent 5,037,819) in tetra ro uran 15
(1.5) was cooled to -780C under an argon atnosphere. A 1 M sol utlon of
sodium bi s(trinethylsilyl)amde (0.21 m) in tetrahydrofuran was added and
the m xture st itohuetefsolution, 2i Inmmnecl) mhyleae@hmwe@(xﬂl) at°Cofdlawad ) was
added dropwi se_and the m xture was allowed to warmto roomtenperature and

stirred for 1 fyuhe arldéh%af:mﬁhymu@.(m?emlve 84 myaeld ol he 1oixtuYe WEEassi um
hyd | f at d t, th et tate (3 x 10
m): the zgnb?ﬁg’d"%‘*ﬁég' sl i), & b Ry o SabbrasRi e s

m) and dried opgs g(gie%§§usi)@hﬁed H@ﬂ%& Hithfd AT the \j-zﬁféntsf weré' ! tered and

t he sol vent evaporat to give an o e residue was purified by flash
col uMm chr opat e@hadtYatedith igi.a pallow oﬂc@tﬁiﬁzl:ab%iiwas&e%luﬂdha ding 69 ng,of

the desired product as a colorless oil
chromatography (silica gel, 0 - 20% ethyl acetate/hexane) gave 0.243 g of

the desired product as a colorless oil.

d)

10 Triethylamine (37 pl, 0.262 mmol) and dimethylaminopyridine (10 -
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 (¢) (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 131 mg of
the desired product as a colorless oil.

MS 966.4 (M+H)*, 964.6 (M-H)"; IR (film) 1788.0, 1738.3, 1677.1, 1637.0

cm-l,
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5 Db) trans- 3- E3- (Am noi m nonet hyl ) am nol propyl | - 2- oxo- 4-

(2- phenyl et h N- ( phenyl net hyl ) - 1- azet i necar boxam de, nonohydrochl oride A
sol ution ofW(%/ Soduct frompart (a) (67 my, 0.1 nmml) in BCHYSWABH 5 )
cont ai ni ng aqueous IN HJ (0.15 m) and 10% pal | adi um on- 10 carbon cat al yst
was stirred under a hydrogen atnosphere for 2 hours. The reaction was
filtered and Jyyophilized to give 66 ng of the titled product as a col orl ess
solid; mp. 145 - 154C(dec). M5 (MrH) + 408; IR (KBr) 1761 cm . 15

Exanpl e 46 trans- 3- [BNI“IéZWIhoi m nomnet hvl ) am nol propyl | - N- et hyl - 2- oxo-

4- (2- phenvl et hyl ) - 1- t iqecay, boxaged nmonohvdrochl oride [err] - 125 -
Fol | ow ng the proc’&%reNof Exarm-ngS a) but ubstétutl ng

: 04-—1\],1\1 N

(homochiral )

10% Palladium on carbon catalyst (65 mg, wet type) was added to a

solution of the product from part (d) (127 mg, 0.132 mmol) in 1,4-dioxane
5 (8 ml) containing 1IN HCI (0.26 ml, 0.264 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 1,4-
dioxane (10 ml) and water (15 ml). The combined eluents were lyophilized
to give 64 mg of the desired product as a pale yellow lyophilate. MS 474.2
10 (M+H)*, 472.4 (M-H): IR (KBr) 1786.0, 1730.0, 1647.0 cm-!.

Example 58

HzNJL NN e, CO.H o
H /U\
oé—N\n/i}I—(cﬁz);_—1f C—C(CH3) 3
' CH;
o}

CHa, (homochiral)

15 a)

O
' ]
Hl\|T-—(CH2)2—' II\T"'"C—O-—C (CH3) 3

CH;3 CH;

A solution of di-tert-butyl dicarbonate (1.24 g, 5.67 mmol) and
triethylamine (790 pl, 5.67 mmol) in tetrahydrofuran (15 ml) was added

20 dropwise to a solution of N, N’ -dimethylethylene diamine (500 mg, 5.67
mmol) in tetrahydrofuran (35 ml). The reaction mixture was stirred at
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met hyl i socyanate (23 ng, 0.5 mmol) for the benzylisocyanate, the desired

roduct (80 obtained as a colorless oil. M5 (MtH) + 598 .
p ( {{F% %\Zﬁ% (MtH) + 598raRediasti

trans-3- [3- i m nomet.hvl ) am nol propyl | - N- et hvl - 2- oxo-

4- (2-phenyl et hvl ) -1-azeti necar boxam de. nonohvdrochl ori de The product from
part (a) (77 mg, 0.13 nmmol) was deprotected and worked-up as described in
Exanpl e 45 ( b) rean gemperstung fuat4 daws. tThe mixtuge wasdtientfilteyed anditbe | ess

solid; mp. 138 - 146 (dec). M5 (MrH)+ 332; |R(KBr) 1761 YL,
trans-4-(2- Phe%%‘é?%@ﬁ% F‘?‘l‘%ﬂf%‘itfﬁirm givgrtne gy teﬂ%mceﬁ%%ﬁ gil.
ni di no] propyl | p2- j di ' | ically pure (-)
I soner and (+) %ggﬁé%fog%h%%gﬁ%ﬁgr(%%%ﬁgﬁ%ﬁgﬁﬁ:hng with 20 30%
2- propanol / hexai@hanolMbthylene t¥ibfille) provided 362 mg of the desired product as a
5 colorless oil. IR(film) 1694 cm-!,
b)

i I
Cl—Co— I]I—(CHZ) 2 II\I—' C—O0—C(CH3)3
CHj CH,

A mixture of the product from part (a) (250 mg) and triethylamine
10 (278 ul) in methylene chloride (3 ml) was added to a solution of phosgene
m toluene (1.4 m}, 20%) at 0°C. The resultant mixture was stirred at 0°C
for 5 hours. Anhydrous ether (10 ml) was added and the solid was filtered
off. The filtrate was evaporated to give the crude product as an orange oil
which was purified by flash chromatography (20 - 30% ethyl
15  acetate/hexane) to give 313 mg of the desired product as a colorless oil. IR
(film) 1740 cm-!, 1694 cm,
c)

O

1]
Vi —— — o —
O/—-—l\\n/l\'; (CH,) » 1,\1 C—0— C{(CHa)3

o CHs CHj
Triethylamine (25 pl), 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 temberature. The reaction was

quenched with the addition of 1N potassium bisulfate (15 ml). The
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A solution of chiral (-)-trans-4-(2-phenylethenyl)-3-[3-[N, NO -

bi s(car bobenzyl oxy) guani di no] propyl | - 2- azeti di none (216 ng,_ Q. Jp), 5
in tetrahy¥P8 @'P&% (2.0 m) was cooled to -780C under an a?&%ﬁ%g‘t’/ﬁ%g here.
A 1M solution of sodiumbis(trinmethylsilyl)amde (0.44 m) in ’
tetrahydrof uran was added and the m xture was stirred for 15 m nutes.

Acetyl chl or pfietfré3vids eftrasted Withrethyl westatd (26 30 ®PMTHe o2panicNgydte Xt ur e was
warmed to roomtenperature and stirred for 1 hour. The reaction was 10

di | ut ed wi t hweye combingbanbwasbed mith/biring 10 ml),fdried evdrunagresiu® m ) and
extracted with ethyl_ acetate x 10 ot combj ned _.organi ¢ pQhase was
washed with ﬁ&tf%‘ie %‘Eijc‘?ﬂcfPtWé‘ﬁ@ §U5 @%msr?g%a‘? ecR}@Fiug‘gﬁ {X¥PSe¥fate. The
sol uti on was_§i . t i n oil, The

st tuo ve Rl FHESABRGRE dalh CRImEKBRAERY B0 | B0t iyt O

acet at e: hexahgata '/ﬁéxziﬁb[)%ia‘#@ 7958 8 tId désﬁ?edjﬁﬁﬂlﬁg aRaQdWlesdBild IRO! Or | ess
oil. M5 (MtH)+ 583. ¢) [err] A solution of the product frompart (b) (140

ng, 0.258 mfilm) H78McmiptZ3® cin3, 3681 erc'oriB8Breinny | N HCL (0.3 nl) and 10%
pal | adi um ondcar bon

NH+HC1

HgNJL N/\//,"-‘ COsH
H

04—— N—' (CH;) ;———1;3—— C—O0——C(CHa)3
5 CH3z CH: {homochiral)

A mixture of the product from part (c) (74 mg. 0.094 mmol), IN HCI
10 (94 pl), and palladium on carbon catalyst (10%. 19 mg) in dioxane (2 ml)
was stirred under hydrogen atmosphere (hvdrogen balloon) at room
temperature for 1 hour. The reaction mixture was filtered through a

Celite® cake and lyophilized to give 44 mg of the desired product as a
white solid. MS 429.2 (M+H)*, 427.5 M-H)"; IR (KBr) 1784, 1663 cm-..

15
Example 59
j\]LH-CF3COOH
HoN” 1}]/\///,,._rCOzH
H
PRI
CH;
(homochiral)
a)
-toy-a—O)~O)
20 CHy .
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catalyst (60 ng) was stirred under a hydrogen atnosphere for 1 hour. The
reaction was_filtered and | yophilized to give 64 ng of the d duct
- 127 - a¥aN33r 1 ess solid. M5 (MrH) + 317; 1 R(KBr) 1782%&&&&%,%9 r]]1D
= +18[err] (c = 1, nethanol). Exanple 48 [err] Follow ng the procedure of
Exanpl e 47(b) and (c) but enpl oying
chiral (+)-trans- 4- ( A sulhetion efNenythyl&-i)Bexiﬁlbenzmentd H68anpoh8mamlobxy) -
guani di no] propyl ] - 2- azetj di none, the desired product was obtained. 10
Exanpl e 49 [er pfenargdla&tdeéﬁlbﬁdbx Dghpzetale Helet fhim ;&m@-[%‘i (1348 - 13581 5
bls(carbobenzy d|n p etidi,nan
prepared as de (%?;}Pg %a%?gﬁ%‘?l“gﬁ?@ P 8?3%’?,@@?%0%@1
toluene, 5.6 mmol) in toluene (3 ml) under nitrogen at room temperature
5 followed by triethylamine (200 ul, 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 136 mg of the desired product
as an oily residue. IR(film) 1745 cm-1.

10 b)

0
l

@_CHZ'%'C'F co;ci,—— O)
“ TJ\ III,,
(O)— crr- -t " |
H 1
N\(N—' CHa . .
CHs

The acid chloride product from part (a) (100 mg, 0.38 mmol),

RN

triethylamine (53 pl, 0.38 mmol) and dimethylaminopyridine (10 mg, 0.08
mmol) were added to a solution of the benzyl ester product of Example 1(c)
15 (145 mg, 0.25 mmol) in methylene chloride (3 ml) under nitrogen at room
temperature. After stirring the reaction for 6 hours at room temperature,
the reaction was diluted with hexane (1 ml) and added to the top of a silica
gel column (wetted with hexane) for purification by flash chromatography
(0 to 20% ethyl acetate in hexane) to give 148 mg of the desired product as
20  alight brown wax. MS 796.5 M+H)*, 794.7 M-H)"; IR (film) 1786 cm-..
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tetrahydrofuran (2.5 m) was cooled to -78[err] C under an argon atnosphere.
A 1 Msolution of sodiumbis(trinethylsilyl)amde in tetrah*%,y%fklran (0.8
m) was ad¥A%M3 X he mixture stirred for 15 minutes. 4- SO9/13811

Bi phenyl carbonyl chloride (180 ng, 0.832 nmol) was added dropwi se and the
m xture was allowed to warmto roomtenperature and stirred for 4 hours.
The reaction apas diluted w t h aqueous 10% pot assi um hydrogen sul fate

solution (15 m) and with ethyl acetate (3 x 15 m); the 5
conbi ned organic phas/%mé ed with water (25 m), brine (25 m) and
fre\Fife,

dried over sodi um gy sol pEPFh was filtered and the sol vent
evaporated to give an o I The|resfi due was purified by flash colum

chromat ography (silica, et hyl acetat e-be {ng 320 nmg of the
desired product as a colorl ess;g solt‘\ﬁdn/ Xc(q?ﬂ'r b) [err]
CHj3

(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 foarﬁ. MS 438.2 M+H)*, 436.4 M-H)"; IR
(KBr) 1788.0, 1699.0 cm-1.

Example 60
NH+HC1

HzNJL NN //,,_ CO;H
|

o
H
04-— 1}1—- c-— O—C(CH3)3

H

0 I
Cl—C—N ll\l—C—O—C (CH3) 3

H

10 a)

Phosgene (20% in toluene) (1.54 ml, 2.90 mmol) was added to a
stirred solution of 3-tert-butoxycarbonylaminoazetidine [250 mg, 1.45
mmol, prepared as described by Arimoto et al., J. Antibiot., 39(9), 1243 -
15 56, (1986)] and triethylamine (222 pl, 1.6 mmol) in methylene chloride (5
ml) at 0°C. After 1 hour the reaction mixture was concentrated and the

crude product was purified by silica gel chromatography to give 90 mg of
the desired product.

- 148 -



A solution of the product frompart (a) (300 ng, 0.48 nmmol) in di oxane (3
m) containin ueous 1IN HCl1 (0.65 m) and 10% pal | adi um 15 n.
cat al yst (15@‘9‘?7’59? 67¢}%s stirred under a hydrogen at nosphere fofcg.ﬂhsgﬂj%’s@ﬁ The
reaction was filtered and |yophilized to give 178 ng of the desired product
as a colorless solid. M5 (MrH)+ 455; IR (KBr) 1782 cm'. [err] - 129 -

WD 99/ 67215 PCT/ US99/ 13811 a)
[err] A sol utlo% of chiral-(+)-trans-4-(2-phenylethenyl)-3-[3-[N, N -

bi s(car bobenzyl o guanldlno ropyl ]-2-azetidinone (264 ng, 0.49 mmol) 5

I n tetrahydrofur@; § cooled to -78[er u an argon

at nosphere. A 1M ut|o Nﬁglumblstrlme' +I—y@1de(0 74 M) in

tetrahydrofuran s added and %,m\x,t/d e~stiffrred for 15 mnutes 4-
H

CH—O—C N
—N\( O-Iiw—c—o—ucmh .

The acid chloride product from part (a) (119 mg, 0.506 mmol) and

o
N\

the benzyl ester product from Example 1(c) (193 mg, 0.337 mmol) were
dissolved in methylene chloride (2.5 ml). Triethylamine (71 ul, 0.506

(@i}

mmol) was added followed by dimethylaminopyridine (8 mg, 0.067
mmole). After 12 hours the reaction mixture was concentrated and the
crude product was purified by silica gel chromatography to give 180 mg of
the desired product.

10 ¢
NH«HC1

HN NN, CO,H
| l o
H
4'—“NYN<>‘1T— C—0—C(CHa)3

B

{nomochiral)

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 HC! (104 ul, 0.104 mmol) was
added followed by 10% palladium on carbon catalyst (16 mg). A hydrogen

15 atmosphere was introduced via balloon. After 40 minutes of stirring at
room temperature, the reaction mixture was diluted with water: 1,4-
dioxane (1:1) and filtered. The filtrate was lyophilized to give 47 mg of the
desired product. IR (KBr) 1792 cm-1.
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Bi phenyl carbonyl chloride (163 ng, 0.75 nmmol) was added dr opw se and the
m xture was allowed to warmto roomtenperature and stirred for 10
hours. TheW®¥&?#5n was diluted with aqueous 10% potassi um W'Hpﬁﬁélﬁméul fate
solution (15 mM) and extracted with ethyl acetate (3 x 15 m); the conbined
organi ¢ phase was washed with water (25 m), brine (25 m) and dried over
sodium sul fate. The solution was fi |Eﬁ1ﬁ§]@@q the sol vent evaporated to
give an oil. The residue was purifié y h colum 15 chromat ogr aphy
yielding 290 ng of the desired product as a colorless solid. [err] The
product frompart (a) (2 0 4 mmol) was deprotected and 20 worked up
as described in Exanpl eﬁ o give 172 ng of the desired product as a
colorless solid. M5 ( NS IR KB ACRF82 cm'; [a]22 = + 120 (c = 1,
met hanol ). - 130 - err]|
H

o NYN<>—NH2
0 {(homochiral)
a)

0
I

Icl) /IL /\/ i
@—-—CHT- 0-C-N" N '
H H
" “\n/ NO—NH: «CF3COOH

5 o)

°8

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
methylene chloride at 0°C. The reaction mixture was then stirred at room
temperature. After 40 minutes, the reaction mixture was concentrated in

10 wvacuo to give 120 mg of the desired product.
b)
NHe+2HC1

HQNJL NN, CO2H
l |
H
04_ N\n/ N NH;

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'!.
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Fol |l owi ng the procedure of Exanple 49(a) but substituting (2-
napht hyl oxy) acetyl chloride for the 4-bi phenyl carbonyl chl ori .
desired prod‘ﬂ’(f’[”{6 2 ng) was obtained as a colorless solid. k’g’f’(’ﬁxﬁﬁﬁ"m
725. b) [err] The product frompart (a) (125 ng, 0.17 mml) was deprotected
and wor ked-up as described in Exanple 49(b) to give 76 ng of the desired 15
product as a colorless solid. M5 (M-HExampbd62! R(KBr) 1780 cm|. - 131-
[err] Follow ng the procedure of Exanple 50(a) but substituting (2-
napht hyl oxy) acetyl chloride f “HRe 4- bi phenyl car bonyl chloride, the
desired product (216 ny) Wk ANDew, as a,Coftor| ess solid. M5 (MrH) + 725.

l |

Y ol
O/ N\n/ﬁ\r\@
© COOCH;

H

i
(O)—c—o- I co,ct,—O)
0
" /L /lh.
@-—CH—Z— om by ™~ !
B H
5 T _
h\}(/B\\I//”\T::]
0

5 COOCH3

N

1IN Sodium 1,1,1,8,3,3-hexamethyldilsilazane in tetrahydrofuran

(143 pl, 0.14 mmol) was added dropwise over 5 minutes to a solution of the
benzyl ester product from Example 1(c) (81.5 mg. 0.142 mmol) in dry
tetrahydrofuran (56 ml) under nitrogen at -78°C. After warming to -20°C

10 and stirring for 30 minutes, methyl-(S)-(-)-2-isocvanato-3-
phenylpropionate (29.2 mg, 0.14 mmol) dissolved in tetrahydrofuran (5 ml)
was added dropwise. After one more hour of stirring, the reaction solution
was allowed to warm to 0°C and was then poured into potassium bisulfate
solution (30 ml, pH adjusted to 3.5) containing crushed ice, followed by

15  extraction with ethyl acetate (3 x 15 ml). The combined organic phase was
washed with water and brine and finally dried over sodium sulfate. The
filtrate was concentrated in vacuo to give 102 mg of crude product as a
light yellow oil. Purification by flash chromatography on silica gel using
ethyl acetate/hexane (1:1) as eluent gave 90.8 mg of the desired product as

20  acolorless oil. IR(film) 1780 cm-1, 1743 cm-!, and 1639 cm'1; MS 788.8
M+H)*.
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10 b) [err] The product frompart (a) (200 ng, 0.276 mmol) was deprotected
and worked-up as described in Exanple 49(b) to give 108 ng of the desired
product asWOWHTHS| ess solid. M5 (MrH) + 459; IR (KBr) 1780 RGHUSSY13o = +
15 18 (c-1, nethanol). - 132 - [err] A solution of the carboxylic acid
product from Exanple 1(b) (140 ng, 0.288 mml) in tetrahydrofuran (2.5 nm)
was cool ed tg_)L- 20[ err] C under an argon at nosphere and N-net hyl nor phol i ne

(32.1 ng, 0.317 nmol) was added. A 2 Msolution of dinethylamne (1.1 eq)

i n tetrahydrofuran 4Ll added fol |l owed by the addition of
benzotri azol - 1-yl W/@et hylLengmo) phosphoni um hexaf | uor ophosphat e
(140 ng, 0.317 236 e reacy was stirred at -20[err]C for 24 hours,

poured into 5% potassi um

o N
o? N\Ir HY\@
Y COOCH;

The product from part (a) (0.12 mmol) was dissolved in dioxane (5
ml). After addition of 10% pallgdium on carbon catalyst (40 mg) and 1N
5 HCl in ether (120 pl), 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 dioxane/water yielded a clean filtrate. This
was concentrated in vacuo and the remaining material lyophilized to give
45 mg of desired product as a white powder. IR (KBr) 1769 cm-1, 1674 cm-!
and 1632 cm!; MS 420.1 (M+H)*.

15 Example 63

NH+ 2CF3COOH

HoN E/\/llh‘ _rCO2H o
Y o N N
7 \ ;
G W
NH,

{homochiral)

- 152 -



hydrogen sulfite solution and extracted with ethyl acetate. The et hyl
acetate extract was washed with water, brine and dried over ' 33/;3?11 .
sul fate. TheWHI%EHEs were evaporated and the crude residue Wds puritied b
silica chromatography elating with ethyl acetate yielding 56 ng of the
desired product as a colorless solid. M5 (MtH)+ 510. - 133- [err] A
solution of thg)product. frompart (a) (48 ng, 0.094 mmol) in
tetrahydrofuran (0.4 nl) was cooled to -78[err] C under an argon at nosphere.
5 Sodiumbis(trinmethylsilyl) anmpde (1 M {.5 eq.) was added and the

m xture was stirred for 30 m nutfs. t henyl) - et hyl

i socyanate (27.2 ng,(HCIAT Gty Coel ad re was stirred at -

d.

78[err]C for 30 m nutes and then all dt oom jeqper ature and
stir for 4 hours. The reaction was poured iNtocS%pegsst ydr ogen 10
sul fate solution and extracted with ethyl acetfite. The etw acetate

0

Triethylamine (0.37 ml, 2.68 mmol) and pyridine benzotriazol-1-

yloxytris(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 anhydrous methylene chloride (10 ml), followed by
the addition of tert-butyl-1-piperazine carboxylate (0.5 g, 2.68 mmol).
After stirring the mixture for 5 hours at room temperature. methylene
chloride (20 ml) was added and the mixture was washed with IN HCl (1 x

10 25 ml). saturated sodium bicarbonate (1 x 25 ml), and saturated sodium

chloride (1 x 25 ml). The organic phase was dried over sodium sulfate and
condensed to give the crude product as a pale yellow oil. Purification by
flash chromatography (silica gel, 0 - 30% ethyl acetate/hexane) gave 1.14 g
of the desired product as a white foam.

15 b)

S o— CH;——@
l(I)
Trifluoroacetic 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 0°C. The mixture was warmed to room temperature and stirred for 1.5

20 hours. The mixture was condensed to give a colorless oil which was taken

up in a solution of 1N HCl in ether (0.48 ml) and stirred vigorously. The
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extract was washed with water, brine and dried over sodium sulfate. The
sol vents were evaporated and the crude residue purified on gjl] .
chr omat ogr%?’@lzﬁs(i ng with ethyl acetate: hexane (3:2) yiel glb%}ég%mnﬂ f
the desired product as a colorless glass-like residue. M5 (M+tH)+ 707. 15
c) [err] A solution of the product frompart (b) (24 ng, 0.03 mml) in

di oxane (1 mypselitigéuspedsidal wisledncefitratedbito givb 2360n g o€ ke RyddodhRARIR
at nrosphere with 10% pal | adi um on carbon cat e}‘ﬁst (12 mg) for 2 hours. 20

The react i on sadisoff thetdesinedpredupte M8 §6HELMHHBhi | i zed to yield 14 ng of

the - 134 - desired product as a colorless solid; M5 (MtH)+ 439; [a]D =
+ 12[err] (c=l, nmethanol). [err] 10 A mxture of di-tert-butyl
di car bonat e (c} 51 g, 6.9 nmol) and :
0O
P
C}x—C—N N
HN\c—o—-cnz—@
Il
5 0]

The product from part (b) (110 mg. 0.27 mmol) was added to a
mixture of phosgene (0.36 ml of 20% phosgene in toluene solution, 0.68
mmol) and sodium bicarbonate (300 mg) in methylene chloride (4 ml).
After stirring for 3 hours at room temperature, the mixture was filtered
10 and the eluents were concentrated to give 165 mg of the desired product as

a clear gel. IR (film) 1707.4, 1645.6 cm'..

15 Triethylamine (31 pl, 0.23 mmol) and dimethylaminopyridine (10 -
12 crystals) were added to a solution of the benzyl ester product of
Example 1(c) (86 mg, 0.15 mmol) in methylene chloride (3 ml), followed by
the addition of the acid chloride product from part (c) (99 mg, 0.23 mmol).
After stirring at room temperature for 1 hour, the mixture was

20 concentrated and purified by flash column chromatography (silica gel, 0 -
50% ethyl acetate/hexane) to give 90 mg of the desired product as a
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triethylamne (O. 7 g, 6.9 mmol) in anhydrous tetrahydrofuran (3 m) was
added over 20 minutes to a solution of N, N -diisopropyleth ne
(1.0g, 6.9 r‘mﬂﬁ Tzﬂsanhydrous tetrahydrofuran (2 m). The mg‘{;ﬁpgﬂ?/\l/ag?l
stirred at roomtenperature for 2 hours. The m xture was then filtered 15
and washed with nethyl ene chloride. The filtrate and washi ngs were
condensed to Glanldessail AMS 96655 (MHH)+,FA64.7 (NsH) o TR (Hlnf)| 1786. 4 AI7T@MS,
chromat ography (silica gel, 1 - 5% 2M ammoni a i n net hanol / net hyl ene

chl ori de) gavel639.5gmok the desired product as a colorless oil. M5 245.2
[err] - 135- The product frompart (a) (44 ng, 0.18 nmmol) was added to a
m xt ure of phcngene (0.24 M of a 20% phosgene in toluene solution, 0.45
mrol ) in methyl ene chl gEb2ieFcbori ) at O[err]C foll owed by the addition of
triethylamne (25 [erer ,Q}g nmol oz'ghe m xture was stirred at O[err]C
for 1 5 hour. The H@actgon Wa's evapor@t ed in vacuo. The residue.

was
jy
Y
0 NH,
{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 Iyvophilate. MS 474.3 M+H)*. 472.6
(M H) ; IR (KBr) 1790.0, 1670.0 cm-1.

10 Example 64
NH
HQN/[L 1;11/\/ o, _rCOOH (homochiral)

AN

— N—S0O,—N (CHz)
o N\H,N 1 2 3)2
0

(H3C)3C—0— @—N\T/N—Soz—-N(CIiz) 2
15
Diisopropylethylamine (560 pl), dimethylaminopyridine (33 mg)
and dimethylsulfamoyl chloride (462 mg, 3.22 mmol) were added to a
solution of N-(tert-butoxycarbonyl)piperizine (600 mg, 3.22 mmol) in
methylene chloride (15 ml). The mixture was stirred overnight at room
20 temperature. The reaction was quenched with the addition of 1IN HCl

solution (20 ml). The mixture was extracted with ethyl acetate (2 x 100
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purified by flash chromatography (silica gel, 0 - 10%ethyl acetate/hexane)
to give about 30 rgg of the desired product as a colorless oil. IR neat)
1732.0, 16¥P¥EAHS  [err] Triethylanmine (15 [err]l, 0.104

di met hyl am nopyridine (10 - 12 crystals) were added to a solution of the
benzyl ester product from Exanple 1(c) (40 ng, 0.07 mmol) in nethylene

chi oride (1 ), Tablovutdioroort o Ueid i withbrAfd 63 £h%gript oduct

frompart (b) (25 ng, 0.0 m xture was stir urs and

t hen evapor abeer inagnasinm aﬂ:ﬁatpmndfeoedehgtaié@ﬁi@%ﬂ%@ﬂfl@éﬁﬁd@' lica gel,
0-30% et hyl acetat e/ hexane) to I ve of the desired product as a
col orl ess’ o lpromt@&@w( M@qmqebwmhm(punﬁraum 1, 1733.1,
1681. 7, 1640b<)9 20 cm'. - 136 - [err]

HC1 N—S0,—N(CH;)
[ ] — 2— 3 2
5 Hl\\_/

A mixture of the product from part (a) (0.60 g, 2.0 mmol),
trifluoroacetic acid (15 ml) and methylene chloride (30 ml) was stirred at
room temperature for 2 hours. TLC showed completion of the reaction.
The solvent and excess trifluoroacetic acid were removed. The residue was

10  dissolved in a minimum amount of methylene chloride followed by the
addition of 1N HCVether (2.0 ml) and anhydrous ether (20 ml). The

product was collected by filtration to give 430 mg of the desired product as

a white powder. MS (M + H)* 194.1.

15 o
Cl p: N N-SO;—N(CHjy)
—C— -S0;— 3)2
\/

Sodium bicarbonate (3.0 g) was added to a solution of phosgene (2.1
ml, 20% in toluene) in methylene chloride (20 mi) 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
: sodib.m bicarbonate. The residue was evaporated to give 330 mg of the

desired product. IR (film) 1738 cm-!L.
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10% Pal | adi um on carbon catalyst (20 ng, wet type) was added to a sol ution
of the product frompart (c) (21 ng, 0.025 mmol) in 1, 4-diox

cont ai ni ng 1NORSIB5 [err]1, 0.025 nmol). Hydrogen gas was ggﬁﬁ‘\@%gtsﬁrough
the solution for 4 hours. The reaction m xture was filtered through a pad
of Celite which was then repeatedly washed with 1, 4-di oxane (10 m) and
water (15 m). djhe conbi ned eluents were |yophilized. The white [yophilate
was di ssolved in water and passed through a plug of 10 pol yvinyl pyrrolidone
eluting with water,_ The el uenfjs were Iyophlllzed to glve 12 nmg of the

desi red product H.e-byopfi | ate. M5 485.3 .6 (MH-. IR

(KBr) 1778.0, 1660 cm|. Herrf}] -137 - 1-P yI pi azine (0. 5 g,

2.63 nmol) was ed to a nixt g’g‘ 3.5 mM of 20% phosgene in

t ol uene solutio SR ST mefhyl ene chi orfi de (/Z_LQ) at O[err]C,

foll owed by the addition of triethylam n% N-—SOz'—N(CH:;)z .
o]

Diisopropylethylamine (35 ul, 0.20 mmol), dimethylaminopyridine
(23 mg) and a solution of the acid chloride product from part (c) (51 mg,

0.20 mmol) in methylene chloride (2 ml) were added to a solution of the

w

benzyl ester product of Example 1(c) (100 mg) in methylene chloride (1 ml).
The mixture was stirred at room temperature overnight. Analytical HPLC
indicated the reaction was complete. The reaction was quenched with the
addition of 1N potassium sulfate. The mixture was extracted with ethyl

10 acetate. The extracts were combined and washed with brine, dried over
magnesium sulfate, and concentrated. The resulting crude product was
purified by flash chromatography (3% methanol/methylene chloride) to
give 101 mg of the desired product as a white foam. MS (M+H)* 792.4, (M-
H) 790.7; IR (film) 1786 cm-!, 1736 cm-!, 1680 cm!, 1640 cm !,

NH

H N/lL N/\/ , COOH
2 .
H ’

S— N—SO,—N (CH
o WN 2 (CH3) 2

{homochiral)

A mixture of the product from part (d) (95 mg, 0.12 mmol), 1N HCI
(120 pl, 0.12 mmol), and 10% palladium on carbon catalyst (49 mg) in

20  dioxane (3 ml) was stirred under hydrogen atmosphere (hydrogen balloon)
at room temperature for 2 hours. Analytical HPLC indicated completion

of the reaction. The reaction mixture was filtered through a Celite® cake
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(0.37 M, 2.63 nmol). The mixture was stirred at O[err]C for 2 hours

then 5

evaporated in vacuo. The residue was suspended in %Z‘h”&i&gi/

and the el WO®P4738re condensed to give a creamsolid. Purifi
chromat ography (silica gel, 0 - 10% ethyl acetate/ hexane) gave 32.2 ng of
the desired product as a crystal line, white solid. IR (filnm 1729.3 ¢

10 b) [err] dhdeshocndrated tb 4¥vel thierdride BrottuciHICL salty) PukifichiibaBynopyr

(10 -

12 crystals) were added to a solution of the enzyl ester produ

and
er ed
flash

m'
i di ne
ct

f rom Exanpl epne(na)'a(mQQIF@C (evessenpindse, methendﬂyhmter,cttﬂfhmml.'me(:re amié) foI I ovved

by 15

The m xture

the a | of the acid chloride frompart (
ﬁ‘q R2FSIRE thIGHE h@rapéwapﬁlpérrmd@ewe rgnaaaa”\%asmgﬁ

chr onat ogr aphy? (etfehidiRe B B it Bul hAREGT ME R4S ﬁfi@ﬂ“@&v@%éﬁﬁg

thedeswqum goi@gg@ﬁsml MS7894(M+H)+ 787.7 (M -

20 IR (film 1785. 5, 1732 1, 1679.1, 1639.4 cm'. - 138 -
Example 65
. 0
NHeHC1 i g

c- N—C”»-— C— O—C (CH3) 3

HzNJLN/\//'"-.
H I 0
O/"'—N\ﬂ,N I\——C-O—-(Ch—~)*——@

(homochiral)
10
a)
o) 0
I i R
@—CHz—-o—c-lN —g—CHz—c——o—C(CHﬁa
0
I NJ\ e,
@—cHr 0-C-N 1‘?/\/
»#—NH
O/

A solution of the carboxylic acid azetidinone product of Example 1(b)

(482 mg, 1.0 mmol) in tetrahydrofuran (5 ml) was cooled to -20°C 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-butylglycine ester,
hydrochloride (184 mg, 1.1 mmol) was added followed by the addition of
benzotriazol-1-yloxytris(dimethylamino)phosphonium
hexafluorophosphate (486 mg, 1.1 mmol). The reaction was stirred at

20 -20°C for 24 hours, poured into 5% potassium bisulfate solution and
extracted with ethyl acetate. The ethyl acetate extract was washed with
water and brine, and dried over sodium sulfate. The solvents were

evaporated and the crude residue was purified by silica gel
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10% Pal | adi um on carbon catal yst (60 ng, wet added) was added to a sol ution
of the produ r part (b) (118 ng, 0.15 mml) in 1, 4-diox m.)
cont ai ni ng | q—?féfﬁ%. 18 mM, 0.18 muol): Hydrogen gas was bubgﬁgﬁé? ngsglglgh
the solution for 1 to 1.5 hours. The reaction m xture was filtered through
a pad of Celite which was repeatedly washed with 1,4- dioxane (10 m ) and

water (15 m) -cﬂﬂmﬁemﬂh@@mﬁﬂ%%ﬁl ¥Riye abatabditd %zr@@ge n©bft feebfrely Of a
white | yophilate. Purification by HPLC (revese phase. 10 nmethanol, water,
trifluoroacet i praict asgacodorbsssmglidf MBSSSM+HY. product as a white

| yophilate. M5 431.2 (MrH)+, 429.3 (MH)-; IR (KBr) 1790.0, 1678.0 cm'.
[err] A sol uti Bh of 1- (2-pyri mdyl)pi perazine di hydrochloride (4.0 g, 16.9
mol ) in I'N sodi um hydroxi dg saturated with godiumchloride (40 nmM) 20 was

extracted with e | acetatd &2 x 30 m). Thé mrganit | ayer was dried -
139- CH,— 0O—C- C- N—CHs— C— O0—C(CH3)3

0

| \
@_cﬂ-ro—g-uj\m/\/h'
BoOH —N N— C— O— (CH,) —@
O/ ﬁr ]‘(i) 272

o]

5 A solution of the product from part (a) (200 mg, 0.336 mmol) and
triethylamine (38 mg, 0.37 mmol) in methylene chioride (4 ml) was stirred
at room temperature and 1.1 equivalents of 1-phenethyloxypiperazine-4-
carbonylchloride (110 mg, 0.37 mmol) was added. Dimethylaminopyridine
(10 mg) was added and the reaction mixture was stirred for 30 hours. The

10 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 gel eluting with ethyl acetate vielding 210
mg of the desired product as a colorless glass-like residue. MS 856
(M+H)*.

15
c)

NH+HC1 9 ¢

o g/\/ , _rc- - CHz—C— 0~ C(CH3) 3

L o —O)
Of b\r (CHy)
0

{homochiral)

A solution of the product from part (b) (200 mg, 0.234 mmol) in
dioxane (5 ml]) containing 1.1 equivalents of HCl was stirred under a
20 hydrogen atmosphere with 10% palladium on carbon catalyst (756 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)*.
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over sodiumsulfate, filtered and concentrated to give 2.6 g of 1-(2-
pyrimdyl)piperazjne. A solution of 1-(2-pyrimdyl)piperazi in
nmet hyl ene %%%%gP(S m ) was added dropw se over 3 ninutespﬁgiéggggﬁtion
of phosgene (25 mM, 5 20%in toluene, 47.3 mol) in nethylene chloride (15
m ) over solid sodium bicarbonate (3g) under nitrogen at room tenperature.
The resulting solution was stirred vigorously for 10 mnutes, filtered
through a fritted funnel, and the renai ning solids were washed with

met hyl ene chloride (2 x 5 m). The cExamnle 68 uent was concentrated under
vacuum 10 to give a white solid. The solid was then recrystallized from
nmet hyl ene chl ori del hexane to give 3g of the desired product as a white
solid. IR(film 1735 cy.pmcP) [err]<%5 The acid chloride from part
(a) (1.11 g, 4.8 mol ) || triethyl am n 1%700 [err]]l, 5.0 mmol),

di met hyl ami nopyri dimps ,”".J_j_ér?nﬁ T CHaET 2
H

Vo N C— 00— (CH;) —@
O/ N\‘r \ ; I 212
0]

o {homochiral)

The product of Example 65 (30 mg, 0.05 mmol) was added to
tﬁﬂuoroacetic acid (1 ml) at 0°C and the mixture was stirred for 30
minutes. The trifluoroacetic acid was evaporated and the residue was
dissolved in water/dioxane (1:1) (1 ml) and lyophilized to give 22 mg of the

10 desired product as a colorless solid. MS 532 (M+H)*.

Example 67
NHeHC1 0
W g
C= N=—CHj

HoN” NN,
H l 0
VN |

7—N N —C—O0—C—[CH(CH3)2]>
o Nﬁr —/ |
c H

{homochiral)

15 a)

0 0
CH —O—E'N Il_H
2 o | C—N-—CH;
e I ,_{

~—NH
O/

A solution of the carboxylic acid azetidinone product of Example 1(b)
(150 mg, 0.311 mmol) in tetrahydrofuran (3 ml) was cooled to -20°C under

an argon atmosphere and N-methylmorpholine (34.6 mg, 0.342 mmol) was
- 160 -



added to a solution of the benzyl ester product from Exanple 1(c) (1.56 g,

3.23 mol ) i ne chloride (15 m) under nitrogen at r ) US99/13811
t enper at ure. Qvﬁ;é‘{]'ﬂssﬁ rring at roomtenperature for 7 hours, the react_,ll on

20 m xture was diluted with hexane (5 ml) and was then added to the top
of a silica gel colum (wetted with nethylene chloride) for purification by
fl ash chr omat ogddedy 1(I0Kguivadente ofig|2 Mcse{lwim o iodoamethyltdmineds) to gi ve
1.6 g of the derived_product as a white foam MsS 763.2 ﬁ)l\/HrH)ﬁ 76%.7 (M -
H-; IR (KBr) ?etgghydgofuran wapadded fqllomed bynthepddition of beprgisiagok ) (1.6 g,

gi ve 854 my of SEREEHEEk PELRIARE R RReH e BB PRpRA BPE s oo 2
(MeH) -, 407.5 0M4) mmdIi ThBréactiohiwsdbtirre@d!- 2000 ke 48 hdMirs| fédded into
5 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 chromatography eluting with ethyl acetate to give 124 mg

of the desired product as a colorless solid. MS 496 (M+H)*.

10
b)

O
Ii M =
@_CH"— O-C'|N C— N—CH:
O /L 7y )
@_ CHz—0O— Ié- § g/\/ ‘ l

/—N N H—C—O0—
o

I A

) O

— [CEB(CH3)2]2

=0

A solution of the product from part (a) (100 mg, 0.2 mmol) and

triethylamine (23 mg, 0.225 mmol) in methylene chloride (2 m}) was

15 stirred at room temperature and 1.1 equivalents of 1-diisopropylmethoxy-
carbonylpiperazine-4-carbonylchloride (65 mg. 0.225 mmol) was added.
Dimethylaminopyridine (8 mg) was added and the reaction mixture was
stirred for 16 hours. The reaction was diluted with methylene chloride,
washed with brine, and dried over anhydrous sodium sulfate. The crude

20 product was purified by flash chromatography on silica eluting with ethyl
acetate to give 58 mg of the desired product as a colorless glass-like

residue. MS 750 (M+H)*.
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C, 43.20: H 6.84; N, 23.71: 0. 18.75: d, 7.50 Found: C, 43.31; H,
6.59; N 23.09: 0 (not calculated); C1, 7.06, 10 15 _ .
[err] Tri eWRPEMBe (0.22 m, 1.6 mmol) and pyridine benzothG A oPAEH
yl oxytris (dinmethyl ani no) phosphoni um hexaf | uor ophosphate (0.83 g, 1.6 mmol)
were added to a solution of N carbobenzyl oxy-L-phenylalanine (0.5 g, 1.6
mol ) in anhydrous nethylene chloride (5 nl) followed by the 141 -
addition of tert-butyl-1-piperazine carboxylate (0.3 g, 1.6 mmol). The
m xture was sti Gt roomt rature for 2 hours. The m xture was then
diluted with_ne Leqe-epl ori 3@nugl ) and washed with iNHA (1 x 25 m),
saturat ed soHP¥im B car bori 1 x 25 mM)g and saturated sodium5 chloride
(1 x 25 m). The organi c phase wag—tni ed| over sodi um sul fate and
concentrated to obtain g ENﬁB ow HHC—%?HE%‘H%MM flash -

0 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 HC] 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. MS 482 (M+H)*.

Example 68
10

NH+HC1 0

i
HzN/lL N/\/,,"'. C- E‘— CH3
H ‘
/N

— N N—C—QO~—
0]

O  (homochiral)

@wroly  Iia
0

i /L In,,
@-—CHrO—C-N " l
BOE S/—N N-—C—0—C (CHs)
Sunm L= U= 373
o7 \“’1\_/ i
o 0

15 A solution of the product from Example 67(a) (120 mg, 0.242 mmol)

and triethylamine (37 mg, 0.363 mmol) in methylene chloride (3.5 ml) was
stirred at room temperature and 1.1 equivalents of 1-tert-butoxy-

carbonylpiperazine-4-carbonylchloride (90 mg, 0.363 mmol) was added.
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chromat ography (silica gel, 0-20% ethyl acetate/ hexanes) gave 554 ng of the

desired prodygt white foam IR(filnm 1698.2, 1649.6 cm' ] -
Trifluroaceti 93@@%(3 m) was added to a solution of the prgga‘)g%sgsprﬁg{r%] part

(a) (550 ng, 1.14 mmol) in anhydrous nmethylene chloride (3 m) at O[err]C.
The m xture was warned to roomtenperature and stirred for 1.5 15 hours.

The mi xt ure weBirhéthylamishpysiding (6 gig) vaz axldedrandthe aehctiohminiure wees

di ssolved in water, the pH was adjusted to 12 - 13 w th sodi um hydroxi de

(50% sol ut i on)stiwred et 2 hewesd Thea reaction wasalituted with sesyleng chiprdeor gani ¢
phese vas O RSB S e S SRR e O, e
to a hxture oGRSt e pllib BN B RHERRy B Sl frufihe it bRy e
5 acetate to give 100 mg of the desired product as a colorless glass-like o
residue. MS 708 (M+H)*.
b)

NHeHC1 O :
i
- ﬁ— CH;

HZNJL N/\//'"-‘ C
H |
/~\
_N\[rN N—-I(IZ—-O—C(CH3)3
0

O (homochiral)

KN

A 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 catalyst (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] = 14° (c=1,
methanol).
15

Example 69
NH.HC1 ﬁ

HzNJL g/\/ /I),' __-r

Y anmn N N—C—O0—C (CH;3)
O/ l\r \ ; i 373

0 O {homochiral)




toluene solution, 2.1 mml) in nmethylene chloride (3 m) at O[err]C

fol |l owed by the addltlon of triethylamne (0.12 m, 0.84 xture
was stirredO 6(3flérr]c for 1 hour. The reaction m xture m@@gggﬁgqlgd in
vacuo. The residue was suspended in ether, filtered, and the eluents were 5
concentrated to give a yellow oil. Purification by flash col um

chromat ogr aphy ( siRollewig€the Procedibe CEExémgfeeﬁ'ﬂb?bﬁﬁéﬁE@;itlﬂﬁigea 0.2K8 g

the desired product as a colorless oil. d) Tri et hylam ne (37

[err]l, O.262chxbidn oféammmmﬂicsnmacfpg/thejizkﬂesoanﬁon oimmmmt.hmamxm; e added
to a sol ution, of t he ben(i est proqd)uct f S\é ng, 0.175
mol ) in net Khe Sesired pgp 'erévzes Rt BueIPTIRES SaBae B *he acid
chl ori de proq)ﬁct frompart (c) (120 ng, 0.262 muol). The mxture was
stirred at m tenperature for 4 hours and then 15 evaporated in vacuo.
Purification of the crude pooduct by flash colum chromat ography (silica
gel, 0 - 35% @%g e hexane) gave 131 of the desired product as a
col orl ess oil . ‘ , 964.6 (MH -, CcHRgfilm 1788.0, 1738. 3,

1677.1, 1637. t,,
@—CHTO—C-N " l
f N C—0~C (CH;)
N ! Ne—C—O—
7 l\Y \_ 3)3
0
0

5
Reacting the product from part (a) with 1-tert-
butoxycarbonylpiperazine-4-carbonylchloride according to the procedure of
Example 68(a). the desired product was obtained as a colorless glass-like
residue. MS 694 (M+H)*. |
10
c)
NH+HC1 9
H,N g/\///,,_ C—NHz
f-WNmN—C—O—C (CH3) 3
o) \__/
0 O  (homochiral)

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
156 solid. MS 426 (M+H)*.

Examgle 70
NH-HC1

JL 7, C— N-—C— O—C(CH;3)3
HN” N7 __r N\ ;
2 H O

o —C— O—C—[CH
04 W C C [{CH(CH3)z2]2

H (homochiral)

- 164 -



cm'. - 143 - [err] 10% Pal | adi um on carbon catal yst (65 ng, wet type)
was added to a solution of the product frompart (d) (127 ny, 1)
in 1,4-di oxaW®%685m ) containing IN HJ (0.26 m, 0.264 MF?K%%%#IOES
gas was bubbl ed t hrough the solution for 1 to 1.5 hours. The reaction

m xture was filtered through a pad of Celite which was repeatedly washed
with 1.4- dioxape (10 M) and water (15 nl). The conbi ned el uents were

| yophilized to give 64 ng of fhe desired product as a pal e yel | ow

| yophilate. M5 474.2 10 (MH—&, 472. 4 (M H)- :dR( 1‘.(860 1730. 0.
1647.0 cm ' . Exa@_a

g eva4cAnsol ution of di- ert r e (1.24
g, 5.67 mmol) an mtﬁ%la@ e'(790[err]1 57 f@"ﬁﬁ@% 6furan
(15 nl) was add@-—CHro-c- N/\/ —(

Following the procedure of Example 67(a) but substituting 1-teri-

| NH

N\

o

butoxycarbonylpiperazine for the monomethylamine, the desired product

5 was obtained as a colorless solid. MS 651 (M+H)*.

b)
0
i N
@-—CHZ—%—C-N C—3  N—C—O0—C(CHs);
“ J\ llll.‘ \—/
@"CHTO_C'g 5/\/ N\
| |
/—N__N N—C~—0—C—[CH(CH;)z];
0 N\ [

5 H
A solution of the product from part (a) (100 mg, 0.2 mmol) and

triethylamine (28 mg, 0.225 mmol) in methylene chloride (2 ml) was

10  stirred at room temperature and 1.1 equivalents of 1-diisopropyl-
methyloxycarbonylpiperazine-4-carbonylchloride (65 mg, 0.225 mmol) was
added. Dimethylaminopyridine (8 mg) was added and the reaction
mixture was stirred for 48 hours. The reaction was diluted with methylene
chloride, washed with brine, and dried over anhydrous sodium sulfate. The

15 crude product was purified by flash chromatography on silica eluting with
ethyl acetate to give 68 mg of the desired product as a colorless glass-like
residue. MS 906 (M+H)*.
c)

NHeHC1 Q O

X {0
e C— N— c—o—c (CH3) 3
H |

N\

——WN N—C-—-O—IC—[CH(CH3)2]2
H {homochiral)



20 dropw se to a solution of N, N -dinethylethyl ene diamne (500 ng, 5.67
nmmol) in tetrahydrofuran (35 m). The reaction m xture was stirred at -
144- rom?%é/?ﬁ’ér ature for 4 days. The nixture was then fPFTRB®M3BHA t he
filtrate was concentrated to give the crude product as a colorless oil.
Purification by flash chromat ography (10% 2N anmoni a i n net hanol i met hyl ene
chl oride) provi dedy g§iatish i rless oil.
IR(film 1694 cm'. b) A ﬁ&?ﬁ?ﬁ%ﬁﬁﬁ%ﬁ%ﬁﬁ@ﬁ@?@ﬁéﬁtnﬁ?g? 1%’250 ng) and
tri et hyl am nelidfang @ml) eontiihing . Inefuivalenes ¢hl.0rN GECK wagklirvsdsudidasd to a
sol ution of hosfg’ene I n tqluene ( m. 209 at OC. The resultant m xture

(1.4 .
was stirred Y99pgsn ptmesphese pgth 0%palladivusor cadon(catalysy (Yamgdaed and
the solid was_filtgred off. The fjltrat S evaporated . to, give the crude
product as anoor 'ngz‘e&eﬁcw gﬁs\éterﬁﬁrai“ﬁi Sﬂg"eﬂtﬁbﬁ’l’gﬂk% oogelhte (20 -
30% et hyl 5 mg of the desired product as a colorless solid. MS 637 (M+H)*.

Example 71
NH+HC1
HN” SN, COH (homochiral)
H
Y aumn N
YL
i3
o CH;-CH;
a)
H
CHj
10 CH;-CH;,

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

15  stirred at room temperature for 4 hours and then heated at 40 - 45°C for
14 hours. The reaction mixture was filtered. The filtrate was concentrated
and purified by flash column chromatography [elute with 5 - 10% ammonia
(2M in methanol) in methylene chloride] to yield 43 mg of the desired
product as a light vellow oil.

20 b)
0
[
Cl—C—N

CH;
CH;—-CHj
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15 acetate/ hexane) to give 313 ng of the desired product as a colorless
oil. IR (fil 1740 cm', 1694 cm'. [err] Triethylamne (25 .
di net hyl ani nB®#6d#*3e (15 ny) and a 20 solution of the aci dP%ﬁ)l’dg]fdln gt
product frompart (b) (45 ng, 0.18 mmol) in nmethylene chloride (1 m) were
added to a solution of the benzyl ester product from Exanple 1(c) (70 np)

in methyl ene chl ori desdldtioh bf tHdprodiut fioen paL (@) (40 ag, 0268 mhsibl) Aid r oom
tenperature. The reaction was quenched with the addition of | N potassium

bi sul fate (15 #tipthylamine (Abme, 0.268immoleinmethylenachloridai(l mpwagladdedt at e
(2030 ) T e, LANELS et conth ned ng ashied, Wb b 30
0w et nyl s SraerbSlohéeRiride (LR 450G N 7 iuleef BS ST RRERRY (0
colorless ofl. @& stirred at 0°C 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 yield 51 mg of

the desired product as a yellow oil.

9]

7N N
o |
o CH,
10 CH,~CHj;

A mixture of the benzyl ester product from Example 1(c) (80 mg,
0.14 mmol), the acid chloride product from part (b) (44 mg, 0.21 mmol),
dimethylaminopyridine (17.1 mg, 0.14 mmol) and triethylamine (21 mg,
0.21 mmol) in methylene chloride (3 ml) was stirred at room temperature
15 for 7 hours. The reaction mixture was purified by flash column
chromatography (eluting with 25% ethyl acetate in hexane) to yield 62 mg
of the desired product as a colorless oil.
d)
NH.HC1
H,N Iﬁ]/\/ ", _rcozﬁ (homochiral)

CHy—~CH;3
20 A mixture of the product from part (c) (60 mg, 0.08 mmol), 10%
palladium on carbon catalyst (8.48 mg, 0.0008 mmol), and 1N HCI1 (0.08
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(film 1786 cm', 1733 cm', 1681 cm', 1639 cm'. d) [err] A m xture of
the product frompart (c) (74 ng. 0.094 mmol), 1IN HOA 10 (9 err]l), and
pal | adi um W@ ¥47H8n catal yst (10% 19 ny) in dioxane (2 n)P sggfl%‘f‘%ed
under hydrogen at nosphere (hydrogen balloon) at roomtenperature for 1
hour. The reaction m xture was filtered through a Celite cake and

| yophi |'i zed tn@l 91089mM01)Tﬂ1 dibxahe (3 afl) wad smﬁsmﬁhd@shydfdgeﬁ@tmhpﬂerews 429. 2
(MHH) +, 427. (MH) KBr) 1784, 1663 cm'. - A sol ution of

N- et hyl - 4- plﬁbyddoaenbyﬂam reé:l‘mm&?eng)eratla'erfnnﬂ. hopreﬂ‘beadaasOmemeed by
Dahn et al 35, 1 48 1358, . (1952) ene (3 m)
was added to"%?ssélt?ﬁ%&cﬁ?%?ébﬁcged%ﬁ@ cagen|T hexssplting Bt Er%é‘?e“’?% g‘ﬁlb?

ol ere (3 gl O8E B hed BEIBISIRS Ob4ES ?ﬂgﬁ\{fﬁé‘éﬁ‘éﬁ@\ﬁm’

5 IR(ﬁlm) 1780 cm-1.

Example 72
NH-HC1

HoN ﬂ/\//,h pCO2—CHp-CH (CH3)

o —-—N\n/ N—\_—I\J—C(CH3)3

{(nhomochiral)

AN

a)
0

I
@—CHz'—%- c—JN\ (CO2-CHo—CH (CHj) 5
”h
@by~

~—NHE
10 o’

Cesium carbonate (29 mg, 0.088 mmol) was added to a stirred

solution of the carboxylic acid azetidinone product of Example 1(b) (85 mg,

0.176 mmol) and 1-iodo-2-methylpropane (81 pl. 0.705 mmol) in

dimethylformamide (500 pl) 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.
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m xture at roomtenperature for 30 mnutes, the solvents were renoved under

vacuum and t ue was purified by flash chronmat ography b | .
100% net hyl eﬂ&%ﬁﬁg‘%}%i de) to give 136 ng of the desired produ%?r}gssgglnsggll |y

residue. IR(film 1745 cm'. 10 b) The acid chloride product frompart (a)

(200 ng, 0.38 mmol ), triethylamne (53 [err]1, 0.38 mml) and

di met hyl am nopyyi dine (10 ng, 0.08 mol) were added to a solution of the

benzyl ester product of Exanple 1(c) 15 (145 ng, 0.25 mmol) in nethyl ene

chloride (3 m) under nitrogir at roomtenperature. After stirring the

reaction for 6 h¢ atHy-oQ -ayperature, the regaction iluted with
‘ 1 & Eﬁﬁéﬁ\étted Wi th

hexane (1 m) and—edded fodheltop of a silicaggel

hexane) for purjfi\cation byl f ;e‘hz,e‘rﬁf’q hy (Oto 20% ethyl acetate in

hexane) to gi ve@B‘rﬁjﬁEfo t%‘eﬁ desired product|as 20-a-iglgt brown wax. M5

796.5 (MrH)+, 794.7 (MH); IR (filn) 1786 emN._- 47 N—C—N—C(CHy)s .
o Y \—/ H

o

Py

The product from part (a) (62 mg, 0.115 mmo]) and the acid chloride
product from Example 32 (c) were dissolved in methylene chloride (1.2 ml).

Triethylamine (24 pl, 0.173 mmol) was added followed by

vyl

dimethylaminopyridine (3 mg, 0.023 mmol). After 12 hours. the reaction
mixture was concentrated and the crude product was purified by silica gel
chromatography to give 65 mg of the desired product.
c)
NH-HC1

H,N g/\///,,,__rCOg-Chg-CH {CH3) 2
— N/-—\N— g— N—C (CH3) 3
0 Nﬁ( \__/ H

o

10 (homochiral)

A

The product from part (b) (65 mg, 0.087 mmol) was dissolved in 1,4-
dioxane (1.0 ml). 1N HC] (87 ul, 0.087) was added followed by 10%

palladium on carbon catalyst (12 mg). A hydrogen atmosphere was
introduced via balloon. After 30 minutes of stirring at room temperature,

15  the reaction mixture was diluted with water: 1,4-dioxane (1:1, 4 ml) and
filtered. The filtrate was lyophilized to afford 47 mg of the desired
product. IR(KBr) 1788 cm-1.
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Deprotection and purification of the product frompart (b) (148 ng, 0 186
nmol ) accordi ng to the procedure of Exarrpl e 19(c) gave 33 of th

desired pr dh%g? a white foam M 438.2 (MtH)', 436.4 (M TmsqgﬂsfllkBr)

1788.0, 1699.0 cm'. Exanple 60 Phosgene (20% i n toluene) (1.54 nm. 2.90

mmol ) was added to a stirred solution of

3-tert-butoxycarbonyl am noazeti di ne Exafhpglg,73L. 45 mol prepared as
described by Arinoto et al., J. AntiDiot 39(9), 1243 - 15 56, (1986)1

and triethylamne (222 [ f‘F 1.6 mol) in nethylema chloride (5 m) at
0C. After 1 hour the g | Y %) ur e C@ﬂme and the crude
product was purified §/ si Hi ca gel[ chf omat ogr aphy gi ve 90 ng of the

desired product. - 148 - [err]/Th aC|d/'I"TI\or|8e product frompart (a)
(119 ngy, 0.506 mmol ) and o/"_ew\[( N—C-I;I{—C(Cﬂs)s
© (homochiral)
a)

1
@-_CHZ—%— C_JN\ 02~ (CHy) 2—'@
/ll
@by~ .
NH

Oé

5 Following the procedure of Example 72 part (a) but substituting (2-
iodoethyl)benzene for the 1-iodo-2-methylpropane, the desired compound

was obtained.

b)

0
@—-CH;-— o= C-IN CO2~ {CH2) 2—@
O J\ in,,
@._CHQ—O—C- " o
_ H H N /N (CH)
o N— C—N—C (CH3) 3
0

10 The product from part (a) (86 mg, 0.0147 mmol) and the acid

chloride product from Example 32(c) (51 mg, 0.206 mmol) were reacted
according to the procedure of Example 72 part (b) to give 98 mg of the

desired product.

©)
NHeHC1
HzN/IL N/\/ COz- {CH3) a-—@
H l
O
O/'—W N—c-N—c(CH3)3
15 (homochiral)
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t he benzyl ester product from Exanple 1(c) (193 ng, 0.337 mmol) were 5

di ssolved in nethylene chloride (2.5 m). Triethylamne (71 1)
was added. f oM 2’n§y di met hyl am nopyri dine (8 ng, 0.067 mmlég)r%sigfjng

hours the reaction m xture was concentrated and the crude product was
purified by silica gel chromatography to give 180 ng of the desired

- G oxane (1.0 nipednqeRitor Hhrk B3 (Fme s BERY) wiE Rt elizhe T
was added 1ol | wplldp il RXthaTr0Rda6 0Exaaal 72 folvaB) méofti oger

15 atnosphere was introduced via balloon. After 40 mnutes of stirring at
room t enper at udesiret prodmt.t IR KBrXx1780cmAas diluted with water: 1,4- dioxane
(1:1) and filtered. The filtrate was |yophilized to give 47 ng of the
desired product. IR (KBr) 1792 cm'. - 149- Trifluoroacetic acid (0.20

m) was addgd drowi se to a stirred Example 74

NH+CF3COOH

HzNJLN/\//’"n  ,CO.H

H l — O
7 N = N—C—0 CH—G
O/ 1\1\[( L 2

o)

{homochiral)

Following the procedure of Example 34 but employving
cyclopentylmethanol in place of the cyclohexylmethanol, the desired
10 product was obtained as a colorless glass. MS 453.3 (M+H)*, 451.4
M-H)"; IR(KBr) 1788 cm!, 1665 cm-l.

Example 75

NH-2HC1 ﬁ —
C—N N— C—NH:

HzNJL%E /\///’"——r \ /7
/N

N
s
77— N N 1\x—<>
0 C N/
0

N
H

15 (homochiral)

0]

0
(O )—snmomtei{ b

Trimethylsilyl isocyanate (3.8 ml, 3.22 g, 28 mmol) was added

20 dropwise over 15 minutes to a solution of N-carbobenzyloxypiperazine (5.5
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solution of the product from Exanple 60 (b) (100 ng, 0.13 mmol) in

met hyl ene chloride at OC. The reaction mxture was then stirred at room

t enper at ur WO RIGES 40 ninutes, the reaction mxture was conREHVPR(E#1i nh 10
vacuo to give 120 ng of the desired product. b) The product from part (a)
(120 ng, 0.153 mmol) was deprotected and worked-up as described in Exanple

60(c) to giv ; | | RGKBr== " [err]
N Sodi um 1. 8, 37 350] apllRICER MRS mi) TP 145 (err L,
0.14 mol ) westrabyhdfuiaard06 enl)we Fodm teiipeestuire vhdep hdldrgonof the benzyl
ester product from Exanple 1(c) (81.5 ng. 0.142 mml) in dry

t et r ahydr of untomsmheye) Thedeaction waegehiread ovighight]at rogin: tempexatireg The

- 20 C 10 dstirring.for 30 ninutes, nethyl-(9)-(-)-2-i t o- 3-
phenyl pf opi oRRERpIAbPSIGR S At PSR BHGREh et oYk A bateoRaRHS (5 i

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. MS (M+H)* 264.

R 0]
HN Ne— I(iZ—NH
b \__/ ’

10
A mixture of the product from step (a) (3.96 g, 15 mmol) and
palladium on carbon catalyst (10%, 2 g) in methanol (100 ml) was stirred
under hydrogen atmosphere (hydrogen balloon) at room temperature for

1.25 hours. Filtration and concentration of the reaction gave 2.0 of the

15  desired product.
lcl) ﬁ / N\ ﬁ)
@_ CHz— 0= C- c— N~ C—NH,

@—CHT' o~ Ic?:- S/INL §A/ ”""—(

~—NH
c) o]

A mixture of the carboxylic acid azetidiﬁone product of Example 1(b)
20 (180 mg., 0.37 mmol), the product from step (b) (62 mg, 0.48 mmol),
diisopropylethylamine (84 ul, 0.48 mmol), ethyl-3-(dimethylamino)propyl
carbodiimide, hydrochloride salt (92 mg, 0.48 mmol) and 1-hydroxy-7-
azabenzotriazole (65 mg, 0.48 mmol) in tetrahydrofuran (10 ml) was

heated at 60°C overnight. The mixture was diluted with methylene
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was added dropwi se. After one nore hour of stirring, the reaction sol ult}on
was all owed t o O[err]C and was then poured into potas | ate
sol ution (30 ﬁ?%%ﬁlgdj usted to 3.5) containing crushed ice, ?%W%Jv%@g&ﬁy 15
extraction with ethyl acetate (3 x 15 nl). The conbi ned organi c phase was
washed with water and brine and finally dried over sodiumsulfate. The
filtrate was coshderideawashadrwithovatet,airjddvevet QRagipsfimehlfdee, piaduct as a
light yellow oil. Purification by flash chromatography on silica gel using
et hyl acet at e/ oRgertrateditp give thaerde @&Q@@OP&nﬁgatmnpﬁﬁlemﬁe@docbﬁgdbggg gs
20 a colorless pil,. LR(fil 1780 cm',,...1743 ¢cm', and 1639 cm'; )

( M-H) +. [er r@asﬁ.@lﬂ f’mfart%ﬁaﬁgg’ {siligy, C(Oi(i"é rﬁﬂ&apoua@tbwlgw ved in |
di oxane (5 m). : i 4o 9 i on_car.bon .cat 40 ny
and 1N 5( HC i)nc}@{nhgé) %Oﬁ[s(e)&ﬁ(ﬁtf)tﬁg é%/%?éodgé‘%d% saf)aﬁﬁllg%i S?Ih‘ﬁt ﬂ}égy %ﬁ of a
constant sl v sqvMeH®, @eer3 @4-My-nut es through the reacti on suspension. After
conpl eti on

§ Lo~
@—CHZ— o-c-n - - C—N  N—C—NH,
P L .

—n_ N </N >
~ ~ N N

hd i JL/ N
d) < H

A mixture of the product from step (c) (110 mg. 0.185 mmol), the
10  acid chloride from Example 56(a) (63 mg, 0.28 mmol),
diisopropylethylamine (96 ul), and 4-dimethylaminopyridine (18 mg) in
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 x 50 ml). The extracts were
15  combined, dried over magnesium sulfate. and concentrated. The crude
product was purified by flash chromatography (0 - 15%
methanol/methylene chloride) to give 114 mg of the desired product as a
white solid. MS 784.5 (M+H)*, 782.5 (M-H)- ; IR (KBr) 1782 cm"!,
1732 cm-!, 1643 cm-!1, 1586 cm-1.

20 e
NH+ 2HC1 ﬁ 9
H,N g/\/ “, C—N N— C—NH,
N
4-—-N\| A y— :>
0 N/ N
1% H (homochiral)
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of the reaction as confirnmed by TLC. a streamof nitrogen was used to
renove excess drogen fromthe reaction material before filtering off the
cat al yst. H‘?’P{% on through a | ayer of Hyfl oSuper Celo. whPEHUSE&3FHshed
10 first with dioxane followed by di oxane/water yielded a clean filtTate.
This was concentrated in vacuo and the remaining material |yophilized to

glve 45 ngy of desi 1674
0o 40 1S, oS aiRigdeths PR oS g U590 O V0BG

2.68 mol) ar(ﬂ5|4ymlc8Mmdjmdumzuﬂdmmqﬂmﬂoucdtﬂysﬁ(t@ﬁ)ﬁammnjé)hﬂsphonl um
hexaf | uor ophosphate ﬁ , were added to a solution of
N- car bobenzyd39ZANS. éHSIVéﬂSaﬁW‘ﬁéd pgdma@ydzom mephene Qrbfd}‘GE@Us rret hyI ene

car boxvl at o H3080Y) °f'zl'f°‘§w§n?ﬁm¥s S5 B L6 Bnfh ABRlyal HRLORRBERRL T o
r oom t empg ratc#n‘liiét@ﬁ{Wé&%aﬁﬁ&ﬁrﬂgrég&dﬂ$&%e%eﬂt%ﬁtthgguéﬂ gture was

washed w th 1 (1 X
Celite® cake and lyophilized to give 1.01 g as a white solid. MS 260.6

- (M+2H)2+; 1R 1780 cm!, 1632 cm-1.
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10 25 m). saturated sodium bicarbonate (1 x 25 m), and saturated sodi um
chloride (1 ﬁ%ls The organi c phase was dried over sodiumsul fate and
condensed to give e crude product as a pale yellow oil. Purrgpygfﬂaﬂlby
flash chromat ography (silica gel, 0 - 30% ethyl acetate/ hexane) gave 1.14 ¢
of the desired product as a white foam 15 b) Trifluoroacetic acid (2 m)
was added to a solution of the product frompart (a) (220 ng, 0.48 mml) in
anhydrous net hylene chloride (2 m) at O[err]C. The m xture was warned to
roomtenperature and stirred for 1.5 20 hours. The m xture was condensed

to give a colorless oil ch was taken up in a solution of IN HCO in ether
(0.48 m) and stirred vig ous%¥ The - 153- resul ti ng suspensi on was
concentrated to give 230 he hydrochﬂbrlde sal t pf t he desired

product. M 368.2 (MrH) +. Yerrf®

&
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w
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The product frompart (b) (110 ng, 0.27 mmol) was added to a m xture of
phosgene (0.36 m of 20% phosgene in toluene solution, 0.68 mmol) and .
sodi um bi cYPURL (300 ng) in nmethylene chloride (4 m). APCTUS PF’r_li ng
for 3 hours at roomtenperature, the mxture was filtered 10 and the

el uents were concentrated to give 165 ng of the desired product as a clear
gel. IR (film 1707.4, 1645.6 cm'. d) [err] 15 Triethylam ne (31
[err]1, 0.23 nmol) and di et hyl am nopyridine (10 - 12 crystals) were added
to a solution of the benzyl ester product of Exanple 1(c) (86 ng, 0.15
mmol ) in netdyyl ene chloride (3 M), followed by the addition of the acid
chloride preégluct frompart (c) (99 ng, 0.23 mmol ). After stirring at room
tenperaturedjor 1 hour, t@e mxture Wis 20 concentrated and purified by
flash colu chromat ograpRy (silica gel, 0 - 50% et hyl acetatefhexane) to
give 90 ng of the desired product as a - 154 -
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colorless oil. M5 966.5 (MH)s, 964.7 (MH)-; IR(film 1786.4, 1727.5,
1639.5 cm"'. 3COCH 5 The product frompart (d 89 .

0. 092 mmol ) V\g?dg}ed?)%gfect ed and worked-up according to the prégé/(‘l'ﬁ?ggl%@fl
Exanpl e 55(c) to give 68 ng of the desired product as a white |yophilate.
M5 474.3 (MrtH)+. 472.6 (MH)-; IR (KBr) 1790.0. 1670.0 cm!. 10

Exanpl e 64 NH 15 Dii sopropyl ethylamne (560 [err]l), dinmethylam nopyridine
(33 ng) and di net hyl sul fanoyl chloride (462 ng, 3.22 mmol) were added to a
solution of N-(tert-butoxycarbonyl)piperizine (600 ng, 3.22 mml) in

met hyl ene ? oride (15 m). The m xture was stirred overnight at room 20

t enper at ur €7 The reaction was quenched with the addition of |N HC solution

(20 m). T@ m xture vvasuz;extracted wth¥%thyl acetate (2 x 100
No

stereochemistry
homochiral
homochiral

1.0 HCl1
1.0 HCI

salt

C—NHy
NH,

0
LO-
C—N

0

O
]
— C—N:

0
]

H

CH(CH3) 5
CH(CHj3) 4

0O
i

—-C—N N—-C--O-—fH—CH(CH3)2

o)
]
N— C~O—CH~— CH (CH3 ) 2

/N
\—/

o
Il

ol

81
82



- 155 - m ). The extracts were conbi ned and washed with brine (2 x 20
m), dried over nesi um sul fate and concentrated to give t he
crude prodd% Egmhlte solid which was used wi thout pur|f?€§@?gﬁggﬂ) A
m xture of the product frompart (a) (0.60 g, 2.0 mml), trifluoroacetic

acid (15 m) and nethylene chloride (30 m) was stirred at roomtenperature
for 2 hours. TLC showed conpletion of the reaction. The sol vent and excess

trifluoroacetic acid were renoved. The residue was 10 dissolved in a
m ni mrum anmount of mnethyl ene chloride followed by the addition of iN

HCl /et herey(2.0 m ) and anhydrous ether (20 m ). The product was collected
by fiItr§E|on to give 430 ng of the desired product as a white powder. M5
(M + H)+g%94 1. 15 § Sodlunlblﬁarbonate (3§D g) was added to a sol ution

of phosgefte (2.1 ©
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m, 20%in toluene) in nethylene chloride (20 m) followed by the addition
of the produ f art (b) (300 ng, 1.3 mml). The resulta ion 20
m Xt ure was &?rgélg gt room tenperature for 40 mnutes. TLC %%fﬁﬁ%g}l&s’.l
conpl etion of the reaction. The reaction was quenched by filtering off the
sodi um bi carbonate. The residue was evaporated to give 330 ng of the
desired product. IR (film 1738 cm'. - 156 - [err]

Di i sopropyl ethylamne (35 [err]l, 0.20 mol ), dinmethyl am nopyridi ne (23 ng)
and a solution of the acid chloride product frompart (c) (51 ng, 5 0.20
mol) in hyl ene chloride (2 m) were added to a solution of the benzyl
ester prodgyt of Exanple J(c) (100 ng% in methylene chloride (1 m). The
m xture waSstirred at roem tenperatuwie overnight. Analytical HPLC

i ndi cated tHe reacti on wa¥ conpl ete. Whe reaction was quenched with the
addi tion of_, 1IN potassium sulfate. The m xture was extracted with ethyl
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10 acetate. The extracts were conbined and washed with brine, dried over
magnesi um sul fate. and concentrated. The resulting crude product was
purified by@PUSRILhr omat ogr aphy (3% net hanol / met hyl ene chl BETY8IY1B8I1gi ve
101 ng of the desired product as a white foam M (MtH)' 792.4, (M H)-
790.7; IR (film 1786 cm', 1736 cm1, 1680 cm', 1640 cm'. [err] A

m xture of the product frompart (d) (95 ng, 0.12 mol), 1N HCl (120
[err]1, 0.12 nmol), and 10% pal | adi um on carbon catal yst (49 ng) in 20

di oxane (3 m) was stirred under hydrogen atnosphere (hydrogen balloon) at
roomtenpgrature for 2 hours. Analytical HPLC indicated conpletion of the
reacti ongThe reaction m xture was filtered through a Celite cake - 157 -
and conc&@jtrated to giveSthe cruderroduct (HA salt). Purification by

pr epar at Mde HPLC (reverse phase, nathanol water, trifluoroacetic acid)
foll omed by passing through a ponV|nyIpyrroI|done col um gave 32 ng of
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the desired product as a white fluffy powder. M 434.3 (MtH) +, 432.3 (M 5
H-; IR (KBr) 1778, 1663 cm 1. [err] A solution of the carbo } bl -
azeti di none NNOWEHSof Exanple 1(b) (482 ng, 1.0 mml) in te?é’ﬁ&%ﬁ% f_ulr an
(5 M) was cooled to -20[err] C under an 15 argon atnosphere and

N- net hyl nor pholine (223 ng, 2.2 mvol) was added. 1.1 Equivalents of a 0.5 M
solution of tert-butylglycine ester, hydrochloride (184 ng, 1.1 nmol) was
added foll owed by the addition of benzotriazol -

1-yl oxytri s(di net hyl am no) phosphoni um hexaf | uor ophosphate (486 ng, 1.1
mmol ). Thesfjeaction was stirred at 20 -20'C for 24 hours, poured into 5%
pot assi um fjsul fate sol ution and extracted with ethyl acetate. The ethyl
acetate ex@jact was wa@hed with Fater andShrine, and dri & over sodium

sul fate. TR® sol vents Were evaporated and¥@ he crude resi &e was purified by

silica gel chronot ography eluting with ethyl acetate to give 396 ng of
the desire
d
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product as a colorless solid. M5 596 (MtH)+. b) 5 A solution of the
product frompart (a) (200 ng, 0.336 nmol) and triethylamne (38 0. 37
nmol) in nﬂfﬁ@“@ﬁ@ chloride (4 M) was stirred at roominﬂnﬁﬁéY%pgggﬁd 1.1
equi val ents of 1-phenethvl oxypi perazi ne-4- carbonvlchloride (110 ng,” 0. 37
mmol ) was added. D net hyl am nopyridine (10 ng) was added and the reaction
m xture was stirred for 30 hours. The 10 reaction was diluted with

nmet hyl ene chl ori de. washed with brine, and dried over anhydrous sodi um
sul fate. The crude product was purified by flash chromat ography on silica
gel elutingeyth ethyl acetate yielding 210 ng of the desired product as a
col orl ess olass-like residue. M5 856 (MrH)+. A solution of the product from
part (b) (ZE ng, 0.2} mmol) in d&xane (5 M) co@aining 1.1 equivalents
of HO was irred under a 20 hydt ogen at nospher® with 10% pal | adi um on
carbon catalyst (75 ng) for 2 hours. The reaction was filtered and the
solvents lygphilized to yield 122 ng of the desired product as a col orl ess

solid. MB 588 (MrH) +. - 159 -
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5 The product of Exarrple 65 (30 ng, 0.05 nmmol) was added to trifluoroacetic
acid (1 m) d the mxture was stirred for 30 m nutes. )
trifl uoroacetl C ac?i(} was evaporated and the residue was di ssoF%HS?S’H”“

wat er/ di oxane (1:1) (1 m) and lyophilized to give 22 ng of the 10 desired
product as a colorless solid. M5 532 (M+H)+. Exanple 67 [err] A solution of
the carboxylic acid azetidi none product of Exanple 1(b) (150 ng, 0.311
nmol ) in tetrahydrofuran (3 m) was cooled to -20C under an argon

at nosphere and N-net hyl norpholine (34.6 ng, 0.342 mvol) was - 160 -
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added. 1.1 Equivalents of a 2 Msolution on nononethylam ne in
tetrahydrofuran was added foll owed by the addition of benzotriazol-1-

yl oxyt ri s( WeB¥sRE%ni no) phosphoni um hexaf | uor ophosphat e ( 15PCH{SINUI38U,
mmol ). The reaction was stirred at -20[err]C for 48 hours, poured into 5 5%
pot assi um bi sul fate solution, and extracted with ethyl acetate. The et hyl
acetate extract was washed with water and brine, and dried over sodium

sul fate. The solvents were evaporated and the crude residue was purified by
silica chromatography eluting with ethyl acetate to give 124 ng of the
desired pnoduct as a colorless solid. M5 496 (MrH)+. 10 b) A solution of
the prodmjt frompart (a) (100 ng, 0.2 mmol) and triethylamne (23 ng,
0.225 ) in neth@Bene chloride 2 nm) was 1% stirred a@ room
tenperatt®he and 1. 1<equival ents of<1-dii sopropyt net hoxy- w

car bonyl pi per azi ne-4-carbonyl chloride (65 ng. 0.225 mml) was added. )

D et hyl &1 nopyri dine (8 ng) was added and the reaction m xture was stirred
for 16 h@jrs. The reaction was diluted with nmethyl ene chloride, washed with

brine, afg dried ovey anhydrous sogium sul fatergThe crude =
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20 product was purified by flash chromatography on silica eluting with

et hyl acet at i 58 ng of the desired product as a colorless _
gl ass-1ike rg‘gbgfﬁéj.’ﬁg/s 750 (MtH)*. - 161 - [err] A sol uti oPFHPSPHas
product frompart (b) (53 ng, 0.07 mmol) in dioxane (3 m) containing 1.1
equi val ents of 1IN HCL was stirred under a 5 hydrogen atnosphere with 10%
pal | adi um on carbon catalyst (20 ng) for 2 hours. The reaction was filtered

and the solvents |lyophilized to yield 32 ng of the desired product as a

colorless solid. Ms 482 (MtH +. [err] 15 A sol ution of the product
from Exanpli}e| 67(a) (120 ng, 0.242 mmol) and triethylamne (37 ng, 0.363
nmol ) in yl ene chloride (3.5 mM) was stirred at roomtenperature and

1.1 equivalshts of 1-ter& butoxy- carbogylpiperazine-4;carbony|ch|oride (90
ng, 0.363 ) was addef®. o <
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- 162- D net hyl am nopyridine (6 ng) was added and the reaction m xture
was stirred for 2 hours. The reaction was diluted with neth¥lene chlorlde
washed wi t WQPY47215 and dried over anhydrous sodium sul f at e.

product was purified by flash chromatography on silica elutlng mnth ethyl 5
acetate to give 100 ng of the desired product as a colorless glass-Ilike
residue. M5 708 (MtH)+. b) [err] A solution of the product frompart (a)
(90 nmg, 0.127 mmol) in 10 dioxane (3 m) containing 1.5 equival ents of HCl
was stirred under a hydrogen atnosphere with 10% pal | adi um on car bon

catal yst (135 nmg) for 2 hours. The reaction was filtered and the solvents

Iyophili4_d to give 38 ng of the desired product as a colorless solid. M5
439 ( MrHd: [[err]a(.' 14 (c=1% net hanol ). o
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15 Exanple 69 [err] - 163 - Fol l owi ng the procedure of Exanple 67(a) but
substituting R0y, J\{%sol ution of ammnia in dioxane for the 2M sol uti on of
nononet hyl ani ne,” the desired product was obtained as a col or | BSEUSH3! \s
482 (MrH)+. b) [err] Reacting the product frompart (a) with 1-tert- ~

but oxycar bonyl pi per azi ne- 4-car bonvl chl ori de according to the procedure of
Exanpl e 68(a). the desired product was obtained as a colorless glass-Ilike

resi due. M5 694 (MrH)+. 10 [err]
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Deprotection and work-up of the product frompart (b) according to the
procedure of Ex e 68(b) gives the desired product as a cQ 5
solid. M5 Xﬁ%g%”7 +. Exanple 70 [err] - 164- [err] Fo||8§ﬁh§ﬁ%§§&
procedure of Exanple 67(a) but substituting 1l-tert- i

but oxycar bonyl pi perazi ne for the nononet hyl am ne, the desired product 6
was obtained as a colorless solid. M5 651 (MrH) +. b) A solution of the
product frompart (a) (100 ng, 0-2 mmol) and triethylamne (23 ng, 0.225
mmol) in nethylene chloride (2 mM) was 10 stirred at roomtenperature and
1.1 equivalgﬂts of 1-dii sopropyl -

nethyloxycdf onyIpipe&gzine-4-carb29vlchlorideo§65 ny, 0.%25 mnol ) was
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added. D nmet hyl am nopyri dine (8 ng) was added and the reaction m xture was
stirred for 4 The reaction was diluted with nethylene_ch i L
washed wi th bﬁ’i"t}‘%”;‘ﬁd dried over anhydrous sodi um sul fate. THET)i’gg”"S?’_dde
product was purified by flash chromatography on silica eluting with ethyl
acetate to give 68 ng of the desired product as a colorless glass-like
residue. M5 906 (MtH)t. [err] - 165 - A solution of the product from
part (b) (60 nmg, 0.07 mmol) in dioxane (2 m) containing 1.1 equival ents of
1.0 NHO was stirred under a hydrogen atnosphere with 10% pal | adi um on

carbon catakyst (25 ng) for 2 hours. The reaction was filtered and the
sol vent s I?ﬁghilized to yield 42 5 ng of the desired product as a col orl ess

solid. MBS (M+H) +83 Exanpl e 71 Qerr] N N
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Met hyl i odi de (200 ng, 1.41 mmol) was added to a solution of (R)-I-

phenyl am nopropane (420 ng, 2.82 mmol) and potassi um carbonate (292 ng,
2.12 nmol ) WROVeRI%hydrofuran. (5 ). The reaction mixture RESUSS/E8INed
at roomtenperature for 4 hours and then heated at 40 - 450C for 14 “hours.
The reaction mxture was filtered. The filtrate was concentrated and
purified by flash colum chromatography [elute with 5 - 10% anmmonia (2Min
met hanol) in nethylene chloride] to yield 43 ng of the desired product as a
light yellowoil. 20 Db) [err] - 166 - A solution of the product from
part (a) (4Gym, 0.268 nmol) and triethylamne (27 ng, 0.268 mol) in

met hyl ene chliforide (1 m) was added dropw se to a sol ution of phosgene
(0.265 m 536 Mol , ZD % in tol uene) ¢n net hyl ene cgll oride (1 m) at
O[err] C over~10 m nutes¥ The reaction m¥ture =
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5 was stirred at O[err]C for 1 hour. The reaction m xture was concentrated
and the resi dw;) 21zgdded to anhydrous ether (20 ml). The forned white
solid was filteréed out. The resulting filtrate was concentrat 5?@39%3&% 51
my of the desired product as a yellow oil. [err] A mixture of the benzyl
ester product from Exanple 1(c) (80 ng, 0.14 nmmol), the acid chloride
product frompart (b) (44 ng, 0.21 mml), dinethylam nopyridine (17.1 ny,
0.14 nmml) and triethylamne (21 ng, 0.21 mmol) in nmethylene chloride (3
m) was stirred at roomtenperature 15 for 7 hours. The reaction m xture
was purifi by flash colum chromat ography (eluting with 25% ethyl acetate
in hexane) 7p yield 62 ng of the desired product as a colorless oil. d) 20
A m xture t he prodﬂct frompartd(c) (60 nmy, 08 mmol), 10% pal | adi um on
carbon catatryst (8.48%°mg, 0.0008 mfol), and IN Hel (0.08 - 167 -

stereochemistry

2.0 CI*3COOH homochiral
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2.0 CICOOH homochiral
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m, 0.08 nmmol) in di oxane (3 mM) was stirred under hydrogen at nosphere
(hydr ogen bal l oon roomtenperature for 1 hour. The reaction m xture
filtered tm%aﬁﬁ Cellte cake. The resulting filtrate was F?yﬂﬁ%’pﬁﬂd to
yield 31 ng of the desired product as a white solid. M5 390.1 (MrH)+, 5
IR(film 1780 cm'. Exanple 72 10 [err]

Cesi um carbonate (29 ng, 0.088 nmol) was added to a stirred solution of the
carboxylic acid azetidi none product of Exanple 1(b) (85 ng, 0.176 mmol) and
1-i odo- 2- net hyl propane (81 [err]l. 0.705 mol) in dinmethylformam de (500
[err]l) aff roomtenperature. After 24 hours, the 15 reaction was

partiti odgd between ethyl acetate and water containing a snmall anpunt of
sodi um t fosul fate. The organigc phase was ol ated, washed with saturated
sodi um chHoride, dried over nfgnesium sul f& e, and concentrated. The
residue was purified by silica gel chromatography to afford 62 ng of the

desi red @oduct. - 168 -
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[err] The product frompart (a) (62 ng, 0.115 nmol) and the acid chloride
product from{x 32 (c) were dissolved in nethylene chl orj , ).
5 Triethyl am ne%ﬁ,ﬁferr] 1, 0.173 mmol) was added foll owed bying’ﬁugg’%”lgs}Iid

di met hyl am nopyridine (3 ng, 0.023 mmol ). After 12 hours, the reaction

m xture was concentrated and the crude product was puri fi ed by.silica gel
chromat ography to give 65 ng of the desired product. c) The product from
part (b) (65 nmg, 0.087 mml) was dissolved in 1,4- dioxane (1.0 m). i N HC
(87 [err]l, 0.087) was added followed by 10% pal | adi um on carbon catal yst
(12 ne). A hydrogen atnosphere @gs introduced via balloon. After 30 m nutes
of stirring at roomterrperature 15 the reactlon m xture was diluted with
water: 1,4-dioxane (1:1, 4 m) d filte®ed. The flltﬁate was | yophilized
to afford 47 ng of the desired pfoduct. PR(KBr) 1788'®@m'
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- 169 - [[err] 5 Fol |l owi ng the procedure of Exanple 72 part (a)
but substitutin f/ﬁg i odoet hyl ) benzene for the 1-iodo-2-nethyl propane, the
desired co?ﬁ%‘t’?ﬁ%z s obtained. b) [err] 10 The produ’é%wg?u#?ﬂdrt (a)
(86 ng, 0.0147 mol) and the acid chloride product from Exanple 32(c) (51
ng, 0.206 mmol) were reacted according to the procedure of Exanple 72 part
(b) to give 98 ng of the desired product. [err] - 170 -
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The product frompart (b) (97 ng, 0.122 mvol) was deprotected and worked-up
according to_the procedure of Exanple 72(c) to give 67 ng of khed
product . IRWRIQ?/)S%'HQO cml. 5 &%%F%ﬁ?k,l[err]
Fol l owi ng the procedure of Exanple 34 but enpl oying cycl opentyl met hanol in
pl ace of the cycl ohexvl nethanol. the desired 10 product was obtained as a
colorless glass. M5 453.3 (MtH) +, 45Exarmiiétss | R(KBr) 1788 cm'. 1665
cm'. Exanple 75 [err] Trinmethylsilyl Tsocyanate (3.8 nl, 3.22 g, 28 mmol)
was added 20 dropwi se over 15 minutes to a solution of

N- car bobenzyl oxypi per azi ne (%-?-Iiml?l'

CHj
HzNJL I\N\_T CH;
H

2N N
0” N7y
](') (racemate)
a)
CH,
CH;y
—N

[}

4,4-Dimethyl-2-azetidinone (17g, 0.171 mol) and tert-
butyldimethylsilyl chloride (28.43 g, 0.188 mol) were dissolved in
methylene chloride (270 ml). A solution of diisopropylethylamine (44.80
10 ml, 0.257 mol) in methylene chloride (130 ml) was added dropwise. The
reaction mixture was stirred at room temperature for 24 hours and then
concentrated. The residue was partitioned between ethyl acetate and
water., The organic phase was washed with 1N potassium bisulfate,
saturated sodium carbonate, saturated sodium chloride, dried over
15 magnesium sulfate, and concentrated. The residue was purified by silica
gel chromatography to give 34.55 g of the desired product.
b)

/\/\ CH;
ot —-T-CH3

S/—N
O/

\lSi(CHs)z
C{CH3) 3
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g, 25 mml) and diisopropylethylamne (9.6 m, 7.1 g, 55 muol) in
tetrahydrofuran (100 m) at room tenperature under an argon_at onsphere,
reaction Wi &V§7 ;lrsed overni ght at roomtenperature. The reabR¢tTGH° g?ﬁ?lpoured
into water and extracted with ethyl acetate. washed 5 wth water and
brine, and dried over sodiumsulfate. The crude product was purified by

col um chromat ogr @phy6 M hexane Mﬁmlﬁpwﬁlﬂwylﬁﬂﬁhﬁi@is@ﬁﬁn?m%ﬁio .19
of the desired product. M5 (MtH) + 264. [err A

m xture of t iveasaddrddrapwise ta estifead $cﬂuﬁﬁng)f iddpropylamias 1,08 %ﬂa,dl Eﬂndon
carbon catal yst (10% net hanol (100 m ) was stirred under hydrogen
at mosphere ( oY e E%hy)éﬁﬂg“'% (3-8amDiat Ry Er A tirn 3paninutes; the selntion

o oduat Cf A WhSORRENS HaBhapf a biEOEAFthE BN folk fbp W5 £ 70"
571 g s et oa gty ke 0
di i sopr opyl etamdlatmnef (&hl¢rer3-jciopfopbhenIVl9) g, £4Bhm31)(idi tetrahydedtungn pr opy!
(2.5 ml) was added dropwise. The temperature was slowly raised to 0°C.
After 1 hour the reaction mixture was quenched by the addition of 1N
potassium bisulfate. The solution was partitioned between ethyl acetate
10 and water. The organic phase was washed with 1N potassium bisulfate
and saturated sodium chloride, dried over magnesium sulfate. and
concentrated. The residue was purified by silica gel chromatography to
give 1.46 g of the desired product.
c)
N3/\/\_fi:_HéH3

/—N
o Si(CHs) 2

15 C(CHs3)3

Sodium azide (0.91 g, 14.07 mmol) was added to a stirred solution
of the product from step (b) (1.36 g, 4.69 mmol) and tetrabutylammonium
iodide (0.35 g, 0.94 mmol) in dimethylformamide (10 ml). After 9 hours of

20 heating at 45°C, the solution was cooled to room temperature and
partitioned between ethyl acetate and water. The organic phase was
washed with saturated sodium chloride, dried over magnsium sulfate, and

concentrated to afford 1.34 g of the desired product.
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car bodii mde, hydrochloride salt (92 ng, 0.48 mmol) and 1-hydroxy-7-

azabenzotri azol e

6
at 60[err]C YOPEHAt. The mixture was diluted with methyl ene y
chl oride, washed with water, dried over nmagnesi um sul fate, and concentrated
to give the crude product. Purification of the crude product by flash
colum chromat @gr aphy (silica, 5 - 10% net hanol ] net hyl ene chl ori de) gave
128 ng of the desired product as a white solid. M5 594.3 5 (MH)+, 592.3

(MH-. Jerr] AMX%@E&P%@MH 3step (c¢) (110 ng. 0.185 nmol),

the 10 acid chlori

nmpl e 56(3 By, 0.28 mol),

di i sopropylethylamne (96 [err] 1), and }4-di nethyl am nopyridine (18 ny)

met hyl ene chloride (4 m) was stirred At tHqm tenperature for 18 hours.

reacti on was quenched by the addition of sat ﬁ?‘é?%’dzsodi um chl ori de

(4]

10

15

C(CH3);

The product from step (¢) (0.57g, 1.92 mmol) was dissolved in 1,4-
dioxane. Acetic acid (0.11 m], 1,92 mmol) was added followed by 10%
palladium on carbon catalyst (0.15 mole%). A hydrogen atmosphere was

introduced via balloon. After 1 hour of stirring at room temperature the

golution was filtered and concentrated to give 0.59 g of the desired product.

e)

ﬁ /H\ /\/\ CH;
CH;— O—C—N N ——&—CH3
7—N
0 s (CHs) 2
C(CH;3) 5

The product from step (d) (0.59 g, 1.78 mmol) was dissolved in
acetonitrile (8.0 ml). Triethylamine (0.26 ml, 1.87 mmol) was added
followed by N,N’-dicarbobenzyloxy-S-methylisothiourea (0.64 g, 1.78
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 0.37 g of the desired product.
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5 ng, 0.48 mmol) in tetrahydrofuran (10 mPE:T)ﬁ?i‘)éﬁgﬁt ed

in
The



solution and extracted with ethyl acetate (3 x 50 m). The extracts were 15
conbi ned, dried over magnesi um sul fate. and concentrated. The crude product
was purlflg@wnllsash chromat ography (0 - 15% met hanol | net RS EHEPER§1dr | de)
to give 114 ng of the desired product as a white solid. M5 784.5 ( MfH) +,
782.5 (MH)- ; IR (KBr) 1782 cm', 1732 cm', 1643 cm', 1586 cm'. 20 e)
[err] - 173 4 A m xture of the product fromstep (d) (1.39 g, 1.77
mmol), iNHCO (3.54 m, 3.54 mmol)_ and pal | adi um on carbon catal yst (10%
750 ng) in dioxane (30 mM) was stigred under a hydrogen atonsphere
(hydrogen bal |l oon) A oomtenperdture for 3.5 hours. Analytical HPLC

i ndicated 5 conpl H@Iﬁ Fedcti®n. The reaction nmixture was filtered
through a CeliteP cake and | yophiliz to give 1.01 g as a white solid. M5

260. 6 Il N/\/\ CHj
. CHy— 0= C—N —’—CH3

H H

~—NH
o?

A 1.0 M tetrahydrofuran solution tetrabutylammonium fluoride
5 (0.69 ml, 0.69 mmol) was added dropwise to a stirred soultion of the
product from step (e) (0.36 g, 0.62 mmol) in tetrahvdrofuran (5 ml) at 0°C.
The reaction mixture was then stirred at room temperature. After 1 hour
the solution was partitioned between ethyl 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 276 mg of the desired product.

g)

o
@b
0
/”\ CHg
@— —0— C- N —I-CH3

H
N
0 No—n
||
O
15 A 1.0 M tetrahydrofuran solution of sodium bis(trimethylsilyl)

amide (0.28 ml, 0.28 mmol) was added dropwise to a stirred solution of
the product from step (f) (0.12 g, 0.26 mmol) in tetrahydrofuran (1.5 ml) at
-78°C. After 30 minutes of stirring, phenyl isocyanate (42 ul, 0.39 mmol)

was added dropwise. The temperature was slowly raised to 0°C. After 30
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(M2H) [err] 1R 1780 cm', 1632 cm'. - 174 -

‘WO 99767215 © PCT/US99/13811

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 give 0.16 g of the desired product.

h)
NHHC1

HZNJ\N ’\/\_}__ CH,
H 2
@

The product from part (g) (0.16 g, 0.27 mmol) was dissolved in 1,4-

<)

10 dioxane. 10% Palladium on carbon catalyst (0.15 mol %) was added
followed by 4N HCl in 1,4-dioxane (68 pl, 0.27 mmol). A hydrogen
atmosphere was introduced via balloon. After 30 minutes of stirring,
water (0.20 ml) was added to keep the product in solution. After 30 more
minutes, the reaction mixture was diluted with 50% acetonitrile in water

15 (2.0 ml) and filltered. The solution was concentrated to remove organics
and then lyophilized to give 84 mg of the desired product; IR (KBr) 1753,
1707 em!; (M+H)* = 318.
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[err] 4,4-D nethyl-2-azetidinone (179, 0.171 nol) and tert-

but yl di met%si I%I chloride (28.43 g, 0.188 nol) were dissolved in _

net hyl ene Y474 (270 m). A solution of diisopropyl ethyl BaT/H&%R28t1gp 10
m, 0.257 nol) in nmethylene chloride (130 m) was added dropw se. The
reaction mxture was stirred at roomtenperature for 24 hours and then
concentrated. The residue was partitioned between ethyl acetate and
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wat er. The organi c phase was washed wth I N potassium bi sulfate. saturated
sodi um car bopat e, turated sodiumchloride, dried over 15 .
sul f at e, and%osﬁé% rated. The residue was purified by sili cgeg}eifgﬂ,ﬁml
chromat ography to give 34.55 g of the desired product. b) [err] - 195 -

A 1.6 M hexane sol utuion of. n-butyl Iithium(4.83 m, 7.73 mmol) was added
dropwise to a Stirred salution of iscixamplefi4ée (1.08 M, 7.73 mml) in
tetrahydrofuran (6.0 ni) at OC. After 30 minutes, the solution was cool ed
to -780C and a solution of the product fromstep (a) (1.50 g, 7.03 5 nmol)
in tetrahydrofuran (2.5 nl) Wyagcgdded dropwi se. After 40 minutes a solution
of 1-chloro-3-iodopropane (3 72 g, 8.43 ) in tetrahydrofuran (2.5 nl)
was added dropwi se. The H WA e Wy raised to Oferr]C. After 1
hour the reaction m xture wasHquenchgd bly the addition of IN

el

{(homochiral)
a)
| I
@—CHZ— 0— C—N
PN s

/, 3

@_q“z ~C~N NN, CH,
B H
2o—NH
5 0o”

The racemic product from Example 135 step (f) was separated into
pure enantiomers (-) isomer and (+) isomer on Chiralpak-AD prep-column
eluting with 30% 2-propanol/hexane.

10
b)

e -

o )

A solution of the (+) isomer from step (a) (125 mg, 0.268 mmol) in

tetrahydrofuran (2 ml) was cooled to -78°C 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 (35 mg, 0.536 mmol) was added

- 208 -



pot assi um bi sul fate. The solution was partitioned between ethyl acetate 10
and water. The organi c phase was washed with I N potassi um t};éﬁ% 1 nd

sat ur at ed WO®PHEMRehl ori de, dried over magnesium sul fate. and concentr at ed.

The residue was purified by silica gel chromatography to give 1.46 g of the
desired product. [err] Sodium azide (0.91 g, 14.07 mol) was added to a

stirred sol uiopRied aﬁ&%h@hi(}ﬂﬁﬁ’e vfréé’%ﬁ%‘%&&t(—l?%"(ﬁ for3Pheurst- Pk FEHREbnANd

t et rabut yl ammoni um i odi de (0.35 g, O. nmol ) in dinethylformam de (10 m).
After 9 hourwasflilifled witinaquepust 109 @otagshemsikulfatensolation ¢b0 asl) andr oom
tenperature and partitioned between ethyl acetate and water. The organic
phase was weestteacted trith athil acetate 6lix UM mhi dthejeombined pregric phaga svasm

sul fate.  and Coneeithil etk s b8 vk fb S, LR 415 658 Baggct - 196 -
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 ¢

M 2
HoN IIFI/\/ " CH3

N

(homochiral)

A solution of the product from step (b) (140 mg, 0.23 mmol) in
dioxane (4 ml) containing aqueous 1N HCIl (0.46 ml) and 10% 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(KBr) 1778 cm-!; (M+H)* = 339; [oJp = + 12°

(methanol, c = 1).
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The product fromstep (c) (0.57g, 1.92 mmol) was dissolved in 1.4- 5

di oxane. Acety b(0.11 m, 1;92 mvol) was added foll owed 0 .
pal | adi um on %@r %lr’lﬂgat alyst (0.15 nole% . A hydrogen at nosphg%g%gggsm_l
introduced via balloon. After 1 hour of stirring at roomtenperature the
solution was filtered and concentrated to give 0.59 g of the desired
product. e) [err] The product fromstep (d) (0.59 g, 1.78 nmmol) was

di ssolved in acetonitrile (8.0 m). Triethylamne (0.26 m, 1.87 mml) was
added foll owed by N, N -di carbobenzyl oxy-S-net hyli sot hiourea (0.64 g, 1.78
15 mol ). After 12 hours of stjrring at roomtenperature the solution was
partitioned between ethyl acetate and water. the organic phase was washed
wi th saturated sodi umchloride,sfiri ed o\8@r magnesfum sul fat® and
concentrated. The residue was putified by silica Yel chronmatfography to give
0.37 g of the desired product. - 197 - i

stereochemistry
homochiral
homochiral
homochiral

salt
1.0 CF3CO.H
1.0 HCI
1.0 HCI

The following additional compounds of formula II were also prepared

>l
e (0
1
o~
3
o (a3
] | |
o~ [+ o} D
& X ) =



[err] A 1.0 Mtetrahydrofuran solution tetrabutyl ammoni umfluoride 5

(0.69 m, %g 4) was added dropwi se to a stirred soultign of the
product fr %’Qgp(e) (0.36 g, 0.62 nmmol) in tetrahydrofuraﬁcf@s?ﬂlysﬂt
O[er]C. The reaction mixture was then stirred at roomtenperature. After 1
hour the solution was partitioned between ethyl acetate and water. The
organi ¢ phase was washed with saturated sodium chloride. dried over

magnesi um 10 sul fate, and concentrated. The residue was purified by silica

gel chromatography to give 276 ng of the desired product. [err] 15 A
1.0 Mtejahydrofuran solution of sodiumbis(trimethylsilyl) amde (0.28
m, 0.28 | ) was gdded dropwi se to a stirred solution of the product from

step (f)s#0.12 g, 0626 mmol) iR tetrahydrof@ran (1.5 ml) at -78[err]C.
After 30T nutes of stirring, Phenyl isocydPate (42 [err]1, 0.39 mml) was
added dr%pwi se. The tenperature was slowy raised to O[er]C. After 30 - 198
- -~

stereochemis
homochiral
homochiral
homochiral

salt

1.0 HCI
1.0 HCl
1.0 HCI

OH

—C—CHy~0
—~C—CH,~0

X
162 -C—Cﬂz""o O

150
151

ol
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[err] mnutes the reaction m xture was quenched by the addition of a 4.0 pH
buffer sol utig ) m xture was partitioned between ethyl acetate and.
wat er. The orvggr%?/gﬁg%ase was washed with saturated sodi um chlm’{}%”“fﬁ’?ed
over magnesi um sul fate and concentrated. The residue was purified 5 by
silica gel chromatography to give 0.16 g of the desired product. h) [err]
The product frompart (g) (0.16 g. 0.27 mmpol) was dissolved in 1.4- 10
di oxane. 10% Pal | adi um on carbon catal yst (0.15 nmol % was added fol | owed

by 4N HCl in 1,4-dioxane (68 [err]l., 0.27 mol). A hydrogen atnosphere was
i ntroduced&yi a balloon. After 30 mnutes of stirring, water (0.20 m) was
added to k&$p the produ in solution. After 30 nore mnutes, the reaction
m xture di | uted wit50% acet onigril e i nSnat er 158 (2.0 m) and
filtered. e sol ution was concentr&fed to r®&hove or g®ni cs and then
| yophilized,to give 84 ng of the desired product, IR (KBr) 1753,
&
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1707 cm'; (MtH)+ = 318. - 199- [err] The racem c product from
Exanpl e 135 steg Q&) was separated into pure enantioners (- g | soner and (+)
i somer on CHP PUPT AD prep-colum eluting with 30% 2-prop ﬁWP?Pé’)? e.

409
409
466

stereochemistry (M+H)*

homochiral
homéchiral
homochiral

1.0 HC1
1.0 CF3;CO:H
1.0 HC1

salt

S0,—N(C3H7) 2

7

N (]

cT) 5
O=(I.J O=C‘) O=(i)

I
L~ =] [=2]
él 0 10 W0
= - -
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[err] A solution of the (+) isoner fromstep (a) (125 ng, 0.268 mmol) in
tetrahydrofu ) was cooled to -78C under an argon at 15
1M sol ution W%“é‘g?‘gi bis(trinethylsilyl)am de (0.536 m) i rf]f@éﬁ}iﬁ‘éﬁmsﬁ
tetrahydrofuran was added dropw se and the m xture was stirred for 20

m nut es. Benzene sul fonylchloride (95 ng, 0.536 mmol) was added - 203 -
dropwi se and the m xture was stirredExampBCI6®r 4 hours. The reaction was
di luted with aqueous 10% potassium bisulfate solution (10 m) and extracted
with ethyl acetate (3 x 10 m). The conbi ned organi ¢ phase was washed with
water (25 m) and brine (25.)1 RRdcdld ed over sodium5 sulfate. The
solution was filtered and t solveﬁ(t: ’EV rted to give an oil. The residue
was purified by flash co r ési lica, ethyl acetate: hexane,
1:3) to give 149 ng of the dedired prlodutt a5 a colorless oil; (MH + =

607.
7N

{homochiral)

@_ CH—O0—C—N
ﬁ )L /\/\ CHs
CH,—O—C~N N __I_CH3
H H
T
e
b

The (-) isomer from Example 146 step (a) (0.163, 0.349 mmol) was

dissloved in tetrahydrofuran (2 ml) and cooled to -78°C. Sodium bis
(trimethylsilyl) amide (0.52 m}, 0.524 mmol) was added dropwise. The
mixture was stirred for 20 minutes. Benzenesulfonyl chloride (93 mg,

10 0.524 mmol) was added and the reaction mixture was stirred at -78°C for
1.5 hours followed by stirring at room temperature overnight. The reaction
was quenched with 0.5 N potassium bisulfate solution (25 ml) and
extracted with ethyl acetate (2 x 20 ml). The organic phase was washed
with brine (1 x 40 ml) and filtered over sodium sulfate. The filtrate was

15 evaporated to a colorless oil. This was purified by reverse phase

preparative HPLC (YMC ODS A 30 x 250 mm, 5 u column) to give 108 mg
of the desired product as an oil; (M+H)* = 607.2; [o]p = -7.0° (c = 0.3,
chloroform).
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[err] A solution of the product fromstep (b) (140 ng, 0.23 mmol) in

di oxane (4 mé cont ai ni ng aqueous iN HCO (0.46 m) and 10% pal |l adium 15 on
carbon cat Y9 ny) was stirred under a hydrogen atmoshPEFAISPYUIEA [our
The reaction was filtered and |yophilized to give 78 ng of the desired
product as a colorless solid; IR(KBr) 1778 cm'; (MtH)+ = 339; [[err]]D = +
12[ err] (metlwnol, c =1). - 204 -

CO2H
CHj

f' 1.0CF,
HoN %}/\/\_l___m_I3
7N

(homochiral)

10% Palladium 6n carbon catalyst (50 mg) was added to a solution
5 of the product from step (a) (105 mg, 0.173 mmol) in 1,4-dioxane (15 ml)
containing 1N HCl (0.21 ml). Hydrogen gas was bubbled through the
solution for 1 hour. The reaction mixture was filtered over a pad of Celite®
and was washed repeatedly with 1,4-dioxane. The filtrate and washings
were combined and evaporated to give a colorless oil (53 mg). This was
10  further purified by reverse phase preparative HPLC (YMC ODS A 20 x 100

mm, 5 p, fast elution column) to give 23 mg of the desired product as an oil;

M+H)* = 339; [oJp = - 9.3° (¢ = 0.42, methanol).
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[err] The (-) isomer from Exanple 146 step (a) (0.163, 0.349 mvol) was
dissloved in tetrahydrofuran (2 m) and cooled to -780C. Sodium bis )
(trimethyl si |‘§/P)99’£F€{6|e (0.52 ml, 0.524 nmmol) was added dr opwi ¥eT/U§§Id3811

m xture was stirred for 20 nminutes. Benzenesul fonyl chloride (93 ng, 10
0.524 mmol) was added and the reaction mxture was stirred at -78CC for 1.5
hours followed by stirring at roomtenperature overnight. The reaction was
guenched with 0.5 N potassium bisulfate solution (25 m) and extracted with
ethyl acetate (2 x 20 m). The organi c phase was washed with brine (1 x 40

m) and filtered over sodiumegul fate. The filtrate was 15 evaporated to a
colorless oil. This was purifmed by reverse phase preparative HPLC (YMC ODS
A 30 x 250 mm 5 [err] colu to givel08 ng of the desired product as an
oil; (MHH+ = 607.2; [[err]]B4=-7.0 (® = 0.3,
4
3
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The following additional compound of formula II was prepared

161

sl

- 211 -



chloroform. - 209 -

washi ngs were conbi ned and evaporated to give a col orl ess oi

was 10

as an oil;

The following additional compounds of formula II were prepared

[err] 10% Pal | adi um on carbon catal yst (50 ng) was
added to a solution 5 of the product fromstep (a) (105 ng, 0.173 mmol)

1, 4- di oxarOP¥672#8 ) containing I N HOJ (0.21 nl). Hydrogen §93URB¥IBIHb| ed
t hrough the solution for

1 hour.

in

The reaction mxture was filtered Over a
pad of Celite and was washed repeatedly with 1, 4-di oxane.

The filtrate and

(53 o).
further purified by reverse phase preparative HPLC (YMC ODS A 20 x
100 mm 5 [err],

Thi s

fast elution colum) to give 23 ng of the desired product
( MHH =) + 339;

[[err]lD =- 9.3 (c = 0.42, nethanol). -
T
o0} (]
& 3 3
12
@
g ° °
8 S &
N Tt -
)
: :
<% 3 %l E —
‘—-l‘ 7
i y— 2

= o]
2l (&)
T
_ o)
2l Q
|
Oo=0
| |
()]
| 9

- 212 -

CH;

-CO2CH3

163

210 -



[[err] This racem c conpound was prepared fromD. L-aspartic acid foll ow ng
t he procedur e chiral conmpound from L-aspartic acid (P._E. _Finke et
al, J. Med. wagong]@{é, 5 a8, p. 2449. 1995). 10 b) [err] To PCTUSIS/3SIL

di i sopropylamne (5.6 m, 40 mmol) in tetrahydrofuran (30 m) at -20[err]C
under argon was added 2.5 Mn-butyl lithium (14 m) in hexane
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15 (35 mmol). The m xture was stirred for 15 mnutes and cooled to
-70[err]C. A solution of the racem c product fromstep (a) %4. 00390; 17.4
nol ) in té’f’?%’?&?%furan (16 mM) was added over 5 mnutes a GTHUS ir3§§;1'cti on
was warnmed to -20[err]C over 15 minutes. A solution of nethyl iodide (2.72

m, - 214 - 43.7 mmol ) in tetrahydrofuran (4 m) was added and the
reaction was stirred between -20[err gy dPfggor 30 mnutes. Dry ethyl
ether (50 mM) was added and the reacl'—%l‘qevla'?'p'olo ured into a mxture of ice

and 80 m. of 1IN HC. The |layers were separated and the aqueous | ayer was
extracted 5 twice with brine, dried over sodiumsulfate and concentrated
to an anorphous solid. Treat mq;ﬂwihglhex e and ethyl acetate gave 2.86 ¢
of the desired product as crystalli t —8&: [err] 10 To

di i sopropyl amine (3.62 mMg5§F el pin tra%ﬂ/drofuran (20 m) at

-20[ err] C under argon was addeHd 2.5 Min-Putyl lithium (9.2 m) in

N0
| =
0]

(racemate)

a)

ACOH

— N
N,
S1i (CH:;)'_}

N\

5 C(CH3)3
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)
H3(;,6

4COzH

~o—N
7 Nas
Si(CH;3),

o

C{CHz)1

To diisopropylamine (5.6 ml, 40 mmol) in tetrahydrofuran (30 ml)
at —20°C under argon was added 2.5 M n-butyl lithium (14 ml) in hexane
156 (35 mmol). The mixture was stirred for 15 minutes and cooled to —70°C.
A solution of the racemic product from step' (a) (4.00 g, 17.4 mmol) in
tetrahydrofuran (16 ml) was added over 5 minutes and the reaction was

warmed to —~20°C over 15 minutes. A solution of methyl iodide (2.72 ml,
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hexane (23 mmol ). The m xture was stirred for 15 m nutes and cooled to -
70C. A solution of the product fromstep (b) (2.76 g, 11.3 béhasi1 -
t et r ahydr of U135y ) was added over ‘5 minutes and the regg'?::%uns%\h/as, 15
warmed to -20[err]C over 15 mnutes. A solution of 1-chloro-3-iodopropane
(2.5 mM, 23.3 mol) in tetrahydrofuran (5 m) was added and the reaction

was stirred beyggemmapiretdtt{dhydnefu@be (4 hil) s addetiand!the reh¥tioreway| et her
(50 mM) was added and the reaction was poured into a m xture of ice and 52

m of 1IN HO . Stierdddyatmeene20°C epdiiCedr 30dnirheenqlep athyl ayher (§@snbwi ce 20

extracted with ethy they. The conbi ned extracts were shed tw c i th
brine, dried oWas %is’&ﬁtﬁﬁd;therr&w%waé BABEAM P 8 ixbuE013re @ﬁ@Bé&fé’?ﬂ

concentration i | .fromethyl ether a hexane gave .3. 35 f 4t he

desired pr oduc?‘i\ggzgh%% Ik'.‘ye-rmlfge depara e@r?’}({l%ﬁeea%‘?"t?&ﬁ g?Yﬁrr‘%?ﬁ %’ftgfj&fg) (1.92

g, 6 mml) kn elhwl wihifind ABellover@iium sulfate and concentrated to an
amorphous sohd. Treatment with hexane and ethyl acetate gave 2.86 g of

the desired product as crystalline material.

)

Hs
Cl/\/ //11,“.i ICOZH

p—N

o) No
ho3
l
C

3\

1 (CHs)»

(CH3) 3 |

10 To diisopropylamine (3.62 ml, 25.8 mmol) in tetrahydrofuran (20
ml) at -20°C under argon was added 2.5 M n-butyl lithium (9.2 ml) in
hexane (23 mmol). The mixture was stirred for 15 minutes and cooled to -
70°C. A solution of the product from step (b) (2.76 g, 11.3 mmol) in
tetrahydrofuran (12 ml) was added over 5 minutes and the reaction was

15 warmed to -20°C over 15 minutes. A solution of 1-chloro-3-iodopropane
(2.5 ml, 23.3 mmol) in tetrahydrofuran (5 ml) was added and the reaction
was stirred between -20°C and 0°C for 30 minutes. Dry ethyl ether (50
ml) was added and the reaction was poured into a mixture of ice and 52 ml
of 1IN HCL. The layers were separated and the aqueous layer was twice

20 extracted with ethyl ether. The combined extracts were washed twice with
brine, dried over sodium sulfate and concentrated to an oil. Repeated
concentration of the oil from ethyl ether and hexane gave 3.35 g of the

desired product as an oil.
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treated in an ice-water bath with excess etheral diazonethane until a 5
yel | ow col or persisted. N trogen was bubbl ed through the mx 10
m nut es anWOME7d8| uti on was concentrated. The residual oi |P‘%FZ@5%P}A%P1 up in
ethyl ether and the solution was washed with cold dilute potassium °

bi sulfate and then brine (twice), dried over sodiumsulfate and

concentr at edd%o give 2.046 g of the desired product as an oil. 10 e) [err]
A m xture of the product fromstep (d) (2.95 g, 8.83 mml), sodium azi de
(2.44 g, 35.3 mmol) and tetrabutyl anmoni ilodpde (2.45 g, 6.64 15 mol)

in dinmethylformamde (12 m) mred t 60[err]C under argon for 16

hours. This material was comfyrhe 'tﬁ”‘a sec QQ#zcti on m xture obtai ned
fromthe product fromstep (d) (334 ng, 1 mMpl). The di et hyl f or mam de was
renoved in vacuo and the residue was tak llff in ethyl acetate and dilute
ageuous lithiumchloride. The ethyl acefate I\ e{ 2? was washed again with
dilute lithiumchloride and then brine (tw ce)|:L Ciie -

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 mixture for 10
minutes and the solution was concentrated. The residual oil was taken up
in ethyl ether and the solution was washed with cold dilute potassium
bisulfate and then brine (twice). dried over sodium sulfate and
concentrated to give 2.046 g of the desired product as an oil.

10 e)

CHa

O
N, /\/ ””"'J . !ll-OCH3

g —N
7

\Si (CH3) 2

C(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 60°C under argon for
16 hours. This material was combined with a second reaction mixture
obtained from the product from step (d) (334 mg, 1 mmol). The
dimethylformamide was removed in vacuo and the residue was taken up in
ethyl acetate and dilute ageuous lithium chloride. The ethyl acetate layer

20 was washed again with dilute lithium chloride and then brine (twice),
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dried over sodium sulfate, and concentrated to give 3.53 g of the desired
product as a crude viscous oil. [err] A solution of the prodi tep
(e) (3.53 g)wqps’fﬁéfltsahydrofuran (30 M), acetic acid (1.2 m?&‘rg{%ﬁ&?ﬁ%\ﬂ
tetrabutyl amonium fluoride (20 m) in tetrahydrofuran was stirred at room
tenperature for 2 hours and 10 then concentrated to a residue which was
taken up in et MedmkaaﬁnwsuMﬁensnd%ﬁ&hu%éde&gi_vacs.ss f ehddbsiAset at e

| ayer was washed with brine (twice), dried and sodium sulfate, and
concentrat ed t produaias af @ud8 viscouhdonmat ogr aphy of this oil over 200 g of
silica gel using ethyl acetate: hexanes (7:3) gave 2.1 g of the desired
product as an oil. 15 [err] The product fromstep (f) (678 ng, 3 mMmmol) was
hydr ogenat ed i%zo 20 M of dioxane and 3.0 m of aqueous 1M HO in the
presence of 10% pal | adi um on carbon catal yst (237 ng) for 2 hours. After

filtration using
CH> |T
NB/\/ ,/'ll.," C“‘OCH:;
)——an
5 - o7

A solution of the product from step (e) (3.53 g) in tetrahydrofuran
(30 ml), acetic acid (1.2 ml), and 1.0M tetrabutylammonium fluoride (20
ml) in tetrahydrofuran was stirred at room temperature for 2 hours and
10 then concentrated to a residue which was taken up in ethyl acetate and
brine. After extracting, the ethyl acetate laver was washed with brine
(twice), dried and sodium sulfate, and concentrated to an oil (9.33 g).
Chromatography of this oil over 200 g of silica gel using ethyl
acetate:hexanes (7:3) gave 2.1 g of the desired product as an oil.

15
g

The product from step (f) (678 mg, 3 mmol) was hydrogenated in 20
20 ml of dioxane and 3.0 ml of aqueous 1M HCl in the presence of 10%
palladium on carbon catalyst (237 mg) for 2 hours. After filtration using
aqueous dioxane and concentration of the filtrate, the restdue was
concentrated from dioxane repeatedly to give 974 mg of the desired product
as a crude thick gum. '
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aqueous di oxane and concentration of the filtrate, the residue was
concentrated from di oxane repeatedly to give 974 ng of the desired product
as a crude WPl um - 217 - To a solution of the produRETAUSYA3SHep ()
(945 ng) in dry nethanol 5 (7 m) and dry dinethyl ether (7 m) undér
argon was added sequentially N, N -di carbobenzyl oxy-S-nmet hyl i sot hi our ea
(.61 . 4.5 mol), triethylamne (1.5 m. 10.7 mmol) and nercuric chloride
(1.22 g, 4.5 mol). The reaction was stirred at roomtenperature for 2
hours and thé)filtered through Celite using ethyl acetate. Concentration of
the filtrate 10 gave a re5|d e which was taken up in ethyl acetate and
dilute potaSS|un1b|squate ter two extractions wth ethyl acetate, the
conbi ned et hyl extracls were washed with bgine (twice), dried over

sodi um sul f at e) c erﬂra'—dto an oil (2, gﬂ Purification by
chr omat ogr aphy _over silica el /(H\O g) using vlcaé:&} at e: hexanes (6:4)
~OCH,3 4

ave 1.03 o] e 2,
g g CHy— O— C— N/\/ “,
H H
~Z—NH
o7

To a solution of the prodﬁct from step (g) (945 mg) in dry methanol
5 (7 ml) and dry dimethyl ether (7 ml) under argon was added sequentially
N,N'-dicarbobenzyloxy-S-methylisothiourea (1.61 . 4.5 mmol),
triethylamine (1.5 ml. 10.7 mmol) and mercuric chloride (1.22 g, 4.5
mmol). The reaction was stirred at room temperatﬁre for 2 hours and the
filtered through Celite® using ethyl acetate. Concentration of the filtrate
10 gave a residue which was taken up in ethyl acetate and dilute potassium
bisulfate. After two extractions with ethyl acetate, the combined ethyl
acetate extracts were washéd with brine (twice), dried over sodium sulfate,
and concentrated to an oil (2.25 g). Purification by chromatography over
silica gel (150 g) using ethyl acetate:hexanes (6:4) gave 1.03 g of the

15  desired product as an oily residue.

i)

@-—cnz— 0—C—N
CHs |
7 . ’ C-OCH;
O I T
: v 5O
— N
‘4 ~ C/ H

il
0

o

To the product from step (h) (582 mg, 1.14 mmol), previously dried
20 by azetroping from tetrahydrofuran and toluene, in tetrahydrofuran (8 ml)
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15 desired product as an oily residue. i) [err] To the product fromstep
(h) (582 nmg, 1.14 mmol ), previously dried 20 by azetroping 1
t et r ahydr of uWRP9%A¥#5t ol uene, . in tetrahydrofuran (8 m) - 218}??)%9%’1%381.780
under argon was added 1.0 M sodium bis(trinethylsilyl)amde (1.5 m, 1.5
mol ). The m xture was stirred for 15 m nutes and then phenylisocyanate

(150 [err]l, 1,8878mPhhdueargadess added nm%éda@u%s@ﬁmﬁylsﬂyghﬁﬁaéc over
30 minutes and poured into m of 10% potassium5 I sul fate and water.

After extracti ¢hbunl, 1.2tdmbl).afhe atiztr@ waseiddredifhe 15 enihutescarat then acet at e
extract was washed wth water (twi ce), dried over sodiumsulfate, and
concentrat ed t phenylisenyanats 0156@.1,7]83 mmpl)wes addadorThe/reaktionsasgr aphy
(silica gel, 60 g) usi ng et hyl acet at e: hexanes (35: 65) %ave 656 ng of the
desired productwarsethtobi(oyversiliménutes and poured into 8 ml of 10% potassium

5 Dbisulfate and water. After extraction with ethyl acetate (3 times), the
combined ethyl acetate extract was washed with water (twice), dried over
sodium sulfate, and ccncentrated to a viscous oil (0.78 g). Purification by
chromatography (silica gel, 60 g) using ethyl acetate:hexanes (35:65) gave
656 mg of the desired product as an oily residue.

10

0
NHs 1.0 HC1 lf
CH: C-0OCH;

HzNJL N/\//’h,!__r
H
OJ—N\ C—--N—@
| =

0

(racemate)

The product from step (i) (636 mg, 1.01 mmol) was hydrogenated in
12 ml of dioxane and 1.0 ml of 1N HCI (1 mmol) in the presence of 10%

15 palladium on carbon catalyst (223 mg) at 1 atmosphere of hydrogen for 2
hours. After filtration using aqueous dioxane, the filtrate was
concentrated to a residue which was lyophilized from aqueous acetonitrile
to give 336 mg of the desired product as a white hydroscopic solid; IR(KBr)
1775 em-l; M+H)* =362.

20
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10 j) [err] The product fromstep (i) (636 ng, 1.01 mmol) was hydrogenat ed
in 12 of dioxane and 1.0 ml of INHO (1 mmol) in the presence of 10% 15
pal | adl um 3P &‘ﬁﬁ(% catal yst (223 ng) at 1 atnosphere of hﬁ%ﬁ%ﬁ?’l?ﬂﬂ 2
hours. After filtration using aqueous dioxane, the filtrate was
concentrated to a residue which was |yophilized from aqueous acetonitrile
to give 336 ng of the desired product as a white hydroscopic solid; |R(KBr)

1775 cm'; (MtH)+ =362. 20 - 219 - [err]
]
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To diisopropylamne( 8.9 m, 63.5 mol) in tetrahydrofuran (50 m) at -20'C
under argon was added 22.6 m of 2.5 Mn-butyl lithiumin he 9PxsP1 -
mol ). The m%Q W&2Ras stirred for 15 nminutes and cooled to i@/‘gﬁjerr%&_ A
solution of the racem c conpound from Exanple 166 part (a) 10 (6.49 g,
28.3 mmol) in tetrahydrofuran (30 mM) was added over 5 m nutes and the
reaction was warned to -20[err] C over Ekanihleilé®. A solution of 1-

chl oro- 3-i odopropane (6.3 m, 58.7 mmol) 1 n tetrahydrofuran (10 m) was
added and the reaction was stirred between -20[err]C and OC for 30 m nutes.
Dry ethyl ether (125 ml) was added and the reaction was poured into a 15

m xture of ice, 1N HC (130%161%3 Lhyl gther. After separation, the
et hy

aqueous | ayer was extracted w elihe _ééﬁgi ce). The conbi ned et hyl
et her extract was washed wyj "~ dri’ed over sodium sul fate, and
concentrated to an oil, which wlds concgntrated from hexanes (5x) to give,

7.61 g of the desired product as an oi ll._-221 -
-0
|
© (racemate)
a)
1 " Yn. __acoon
/—N
7
, A
O 83 (CHs)g
5 C(CH3)»

To diisopropylamine( 8.9 ml, 63.5 mmol) in tetrahydrofuran (50 ml)
at -20°C under argon was added 22.6 ml of 2.5 M n-butyl lithium in
hexane (56.6 mmol). The mixture was stirred for 15 minutes and cooled to
-7 O°C. A solution of the racemic compound from Example 166 part (a)

10  (6.49 g, 28.3 mmol) in tetrahydrofuran (30 ml) was added over 5 minutes
and the reaction was warmed to -20°C over 15 minutes. A solution of 1-
chloro-3-iodopropane (6.3 ml, 58.7 mmol) in tetrahydrofuran (10 ml) was
added and the reaction was stirred between -20°C and 0°C for 30 minutes.
Dry ethyl ether (125 ml) was added and the reaction was poured into a

15 mixture ofice, 1N HCI (130 ml), and ethyl ether. After separation, the
aqueous layer was extracted with ethyl ether (twice). The combined ethyl
ether extract was washed with brine (twice), dried over sodium sulfate,
and concentrated to an oil, which was concentrated from hexanes (5x) to

give 7.61 g of the desired product as an oil.
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[err] To diisopropylamne (4.7 m, 33.5 mol) in tetrahydrofuran (25 m) 10
at -20[err] C under argon was added 12 m of 2.5 M n-butyl Iitwgmi‘i6 hexane
(30 ol ) WaR¥6RIKt ure was stirred for 15 minutes and cool 8§ 2 P8 err] C
A solution of the product fromstep (a) (4.50 g, 14.7 mmol), previously
dried by azetroping fromtoluene and tetrahydrofuran, in tetrahydrofuran
(20 mM) was ded over 6 m nutes and the reaction was warned to -20C over
15 15 mnutées. A solution of methyl iodide (1.90 m, 30.5 nmmol) in
tetrahydrofuran (6 m) was added and t hé&Hseaction was stirred between - 20C
and O[err]C for 30 m nutes. ther LéOol ) was added and the
reaction was poured into a mxture of ide, INHO (66 nm), and ethyl ether.
After separation, the aqueous |ayer was jJextfacted with ethyl ether (tw ce).
20 The extracts were combi ned, washed.# Thkri ne (twice), dried over

sodium sul fate, and concentrated to an oil, ideHabs concentrated from
hexanes - 222 -

—t

C(CHsz)3

30-methyl epimer

and

CH;

i m,\____acoon

7N
O/

Si{(CH3) 2
C(CHj3} 3

3B-methyl epimer

To diisopropyiamine (4.7 ml, 33.5 mmol) in tetrahydrofuran (25 ml)
10  at -20°C under argon was added 12 ml of 2.5 M n-butyl lithium in hexane
(30 mmol). The mixture was stirred for 15 minutes and cooled to -70°C. A
solution of the product from step (a) (4.50 g, 14.7 mmol), previously dried
by azetroping from toluene and tetrahydrofuran, in tetrahydrofuran (20
ml) was added over 5 minutes and the reaction was warmed to -20°C over
15 15 minutes. A solution of methyl iodide (1.90 m], 30.5 mmol) in
tetrahydrofuran (6 ml) was added and the reaction was stirred between -
20°C and 0°C for 30 minutes. Dry ethyl ether (70 ml) was added and the
reaction was poured into a mixture of ice, 1N HCl (66 ml); and ethyl ether.
After separation, the aqueous layer was extracted with ethyl ether (twice).
20 The extracts were combined, washed with brine (twice), dried over sodium

sulfate, and concentrated to an oil, which was concentrated from hexanes
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(5 x) to give 4.60 of an oil consisting of the 3[err]-nethyl epiner and

; 9 . ! !
t he correspondin 355- nmethyl epinmer in aratio of 4:1. [err] ;ﬁﬁ}s {¥g110f

t he product WO&9

frompart (b) (1.24 g) with diazonmethane according to

t he procedure of Exanple 166 step (d) gave 10 1.36 g of an oil consisting
of the 3[err]-nethyl epinmer and the corresponding 3[err]-nethyl epiner

ratio of 4:1. €4 Eive 1660 i 1 imdP e from
part (c) (1.35@g§{iwi N sodi ﬁr%fglz’i°hll;6§%t§ﬁtﬁ§:°fg%%?§fn3@ﬂmlgg%m s L

di met hyl f or m%ﬁﬁeﬁﬁ&%ﬂ%%-&&lﬁﬂﬁ%ﬁgﬁr r&i®br pfanpl e 166 step (e) gave

1.21 g of a crude oil cont

223 -

inig't

[errcj

10

15

+ 3f-methyl epimer

3a-methyl epimer

Treatment of the product mixture from part (b) (1.24 g) with
diazomethane according to the procedure of Example 166 step (d) gave
1.36 g of an oil consisting of the 3o-methyl epimer and the corresponding
3B-methyl epimer in a ratio of 4:1.

ad)

N3/\/\-_rlioc:ﬁ3

3\

\Si (CH3) 2
+ 3B-methyl epimer
C(CHa}3
3a-methyl epimer
Treatment of the product mixture from part (c) (1.35 g) with sodium
azide and tetrabutylammonium iodide in dimethylformamide according to

the procedure of Example 166 step (e) gave 1.21 g of a crude oil containig

the 3o-methyl and 3f-methyl epimers.

- 223 -

in a

-nethyl and [err]nmethyl epiners.



Treatment of the crude product m xture frompart (d) (1.21 g) in 5

t et rahydr of uran &1?0 m) with 5.0 M of 1.0 Mtetrabutyl amoni um fl uoride in
t et r ahydr oM ¥F7213d acetic acid (0.3 m) according to-the pPoOtHHIE8
Exanpl e 166 step (f) gave, after chromatography on 100 g of silica gél

usi ng ethyl acetate: hexanes (1:1), 343 ng of an oil consisting of the
3a-nmet hyl epigder and the corresponding 3[[err]]-nethyl epimer in a ratio 10
of (86:14). An additional 256 ng of the m xture was obtained in the

chronat ography. [err] 15 cH, Hydr ogenati on of the product m xture from

0
part (e) (335 @)Wi bed"' HExarrpl e 166 step (g) and concentration of
t he product fN=Om dibxaney Egg fry of the crude product nmixture as a
gumy residue. - 224 - [efr] Treatnent of the crude product m xture from
part  (f) (460 ny) with J—Md + 3B-methyl epimer

3o-methyl epimer
Treatment of the crude product mixture from part (d) (1.21 g) in

5 tetrahydrofuran (10 ml) with 5.0 ml of 1.0 M tetrabutylammonium
fluoride iﬁ tetrahydrofuran and acetic acid (0.3 ml) according to the
procedure of Example 166 step (f) gave, after chromatography on 100 g of
silica gel using ethyl acetate:hexanes (1:1), 343 mg of an oil consisting of
the 3o-methyl epimer and the corresponding 38-methyl epimer in a ratio

10 of (86:14). An additional 256 mg of the mixture was obtained in the

chromatography.
1)

/—NH + 3B-methyl epimer
o)

3o.-methyl epimer
15 Hydrogenation of the product mixture from part (¢) (335 mg) as

described in Example 166 step (g) and concentration of the product from

dioxane gave 469 mg of the crude product mixture as a gummy residue.
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5 NN -di car bobenzyl oxy- S-net hyl i sot hi ourea and nercuric chloride as
described in _Exanpl e 166 step (h) gave, after chronatographype¥g&eefsd ©f
silica gel U?Pr?ﬁ}gg?ﬁyl acet at e: hexanes (6:4), 541 ng of a gulr;TeT¥y res‘?d_ue
consisting of the 3[err]-nethyl epinmer and the corresponding 3[err]-nethyl
epinmer in aratio of (86:14). [err] Treatnent of the product mxture from
part (g) (500 gpg) with sodiumbis(trinmethylsilyl) azide and
phenyl i socyanate as described in 15 Exanple 166 step (i) gave, after
chromat ogr aphy over 50 g of si Iﬁl ca gel using ethyl acetate: hexanes (35:65),
525 nmg of gummy due, congi st ng of 3[err]-nethy epiner and the

PRy Oapien |

correspondi ng 3[% yI “epi n a rati egof (|86: 14). 225 - [err]
The product m xture from par h 457 Wa&s h nated in 9
p p ﬁ ( )/lh /{U)\ yebegs
CHy— 0= C~N Ilg
H 2]

NH + 3B-methyl epimer

Bo-methyl epimer
Treatment of the crude pfoduct 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 75 g of
silica gel using ethyl acetate:hexanes (6:4), 541 mg of a gummy residue
consisting of the 3a-methyl epimer and the corresponding 3f-methy!
epimer in a ratio of (86:14).

10 h)

@—CHz—o-c—N NM_‘]
H H
. 7N
30-methyl epimer O \C——-N—@
| =

and the 3f-methyl epimer

Treatment of the product mixture from part (g) (500 mg) with
sodium bis(trimethylsilyl) azide and phenylisocyanate as described in
15 Example 166 step (i) gave, after chromatography over 50 g of silica gel
using ethyl acetate:hexanes (35:65), 525 mg of gummy residue consisting
of 3o-methyl epimer and the corresponding 3p-methyl epimer in a ratio of

(86:14).
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5 m of dioxane and 0.73 ml of 1.ON HO in the presence of 10% pal | adi um
on car bon %ﬁl}; (160 ng) at 1 atnosphere for 2 hours. After filtration
usi ng aque ’8%ane. the filtrate was concentrated to a rESFUSE#ich was
| yophilized from aqueous acetonitrile to give 249 ng of a white hydroscopic
solid consisting of 3[err]-nmethyl epinmer and the corresponding 10
3[err]-methyhk) epinmer in a ratio of (88:12); IR(KBr) 1775 cm"'; (MtH)+ =
362. -226 - - [err] epichlorohydrin according to the procedure of A G
Anderson Jr. and R Lok, J. O§g. Chem, Vol. 37, p. 3953, (1972). This
azetidi ne carbox ré QcH@lwas hen converted to the desired product

according to th T-0CH310 Hansen et al., W97/ 23508.
7N
O
3o-methyl epimer ” H
° {racemate)

+ 3B-methyl epimer

The product mixture from part (h) (457 mg) was hydrogenated in 9
5 mlof dioxane and 0.73 m!l of 1.0N HCl in the presence of 10% palladium
on carbon catalyst (160 mg) at 1 atmosphere for 2 hours. After filtration
using aqueous dioxane, the filtrate was concentrated to a residue which
was lyophilized from aqueous acetonitrile to give 249 mg of a white

hydroscopic solid consisting of 30-methyl epimer and the corresponding

10  3f-methyl epimer in a ratio of (88:12); IR(KBr) 1775 cm-!; (M+H)* = 362.
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b) [err] A solution of triphenyl phosphine (1.57 g, 6 mmol) in nethyl ene
chloride (6 nd mas added dropwise to a stirred solution of the product 15
frompart (a)WPd¥'33, 5 nmol) and carbon tetrabronide (2.32 §CT/%S?PM§F‘)1 in
nmet hyl ene chlorlde 910 m ) at OC under argon. The reaction was then stirred
at roomtenperature for 16 hours. The reaction was concentrated in vacuo
and the residue was triturated with ethyl ether. Filtration and evaporation
of the filtrate gave 3.34 g of an oily residue which was - 228 -
chromat ogr aphed over silica gel by eluting with nethylene chloride and then
met hyl ene chloride:ethyl acetatg,(19:1) to give 1.02 g of the desired

product as an oily residue. [er&g] A nmixture of the product frompart (b)
(1.00 g, 4 mmol) and sodi um + 0 0
= - <
1 <t (1]
> o
B
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iodide (1.80 g, 12 mmol) in dry acetonitrile (10 ml) under argon was
stirred at_650C for 2.5 hours, cooled to roomtenperature and concentrated
in vacuo. WOIEBdue was taken up in ethyl acetate and wat RFT/ESRYIBHE et hyl
10 acetate | ayer was washed with water (tw ce), dilute sodium -
thiosul fate, and water (twi ce), dried over sodiumsulfate, and concentrated
to give 1.18 g of the desired produEtaas a ily residue. d) 15

[err] To diisopropylamne (0.63 m —L—&%ﬁ&ﬁl n tetrahydrofuran (3.5 m)
at -20C under argon was added 1.6 ml of 2.5 Mn-butyl lithiumin hexane (4
mmol ). The m xture was stirred for 15 mnutes and cooled to -70C. A
solution of (4S)-N (t-bul%iréiAEFiBACH |yl ) azetidi ne-2-one-4- 20

carboxylic acid (459 ny, 1) [Bal dwi n t al, Tetrahedron, Vol. 46, p.
4733 - 4748, 1990] in,NEtr F@l%l (2. 5 was added over 3 m nutes and
the reaction was warned to - nutes. A solution of the
product frompart (c) (1.19 g,v4 mol) in t trahydrofuran (3 mM) was added
and the reacti-on was stirred between -2( ]C and - 30? err]C for 1.5 hours

and - 229 - O C—N

(homochiral)

]
{H3C)3—C—0~C~ NQ——\
5 : OH
HNO- COOH
The azetidine carboxylic acid

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., W097/23508.

b)
0
Il
(HyC) 3— C— 0= C—
Br

A solution of triphenylphosphine (1.57 g, 6 mmol) in methylene

was prepared from

chloride (6 ml) was added dropwise to a stirred solution of the product

15 from part (a) (936 mg, 5 mmol) and carbon tetrabromide (2.32 g, 7 mmol)
in methylene chioride 910 ml) at 0°C under argon. The reaction was then
stirred at room temperature for 16 hours. The reaction was concentrated
in vacuo and the residue was triturated with ethyl ether. Filtration and

evaporation of the filtrate gave 3.34 g of an oily residue which was
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then at -20[err]C for 16 hours. The reaction was warned to O[err]C and

quenched by Ltion of 5% potassium bisulfate and then g&Rykeopsstat e.
After ext rac‘%’%%?ﬁ%q%h ethyl acetate (three tines), the ethyl acetate .

extracts were conbi ned, washed with brine, dried over sodiumsulfate, and
concentrated 6 to an oily residue. The residue was dissolved in ethyl

et her and washebrothatogeaghedaived sfiivdi gedbpiebetiowtheméthyle® chldtide aadbi ned
sodi um bi carbonat e extract was washed wth et hgl ether and then | ayered
td

with ethyl acethermetheleppichloridesithyl acetate (192) ta eixepo@2gof the Besitdd at e)
and after extraction with .ethyl, acetate (three tinmes), the acidic ethyl
acetate 10 exProfyctasa 144 h brine, dried over sodiumsulfate, and
concentrated t )gi ve 624 ng of the desired product as a crude oil. e) [err]
To the crude product frompart (d) in tetrahydrofuran (3 m) at 0 - 15
5[err] C under nitrogen was added 2.7 m obd 1M, tetrabutyl amoni umfluoride

l
(H3C)3—~C—0- ('Z-N
5 I

A mixture of the product from part (b) (1.00 g, 4 mmo}) and sodium
iodide (1.80 g, 12 mmol) in dry acetonitrile (10 ml) under argon was stirred
at 65°C for 2.5 hours, cooled to room temperature and concentrated in
vacuo. The residue was taken up in ethyl acetate and water and the ethyl

10 acetate layer was washed with water (twice), dilute sodium thiosulfate,
and water (twice), dried over sodium sulfate, and concentrated to give 1.18

g of the desired product as an oily residue.

d)
(H3C)3—C—0~-C— ‘\<>— “, 'COOH
. 4—N\ .
o) Si(CH3)
15 ' C(CHs)

To diisopropylamine (0.63 ml, 4.5 mmol) in tetrahydrofuran (3.5 ml)
at -20°C under argon was added 1.6 ml of 2.5 M n-butyl lithium in hexane
(4 mmol). The mixture was stirred for 15 minutes and cooled to
-70°C. A solution of (4S)-N-({t-butyldimethylsilyl) azetidine-2-one-4-

20 carboxylic acid (459 mg, 2.0 mmol) [Baldwin et al, Tetrahedron, Vol. 46, p.
4733 - 4748, 1990] in tetrahydrofuran (2.5 mil) was added over 3 minutes
and the reaction was warmed to -20°C over 15 minu’cés. A solution of the
product from part (c) (1.19 g, 4 mmol) in tetrahydrofuran (3 ml) was added

and the reaction was stirred between -20°C and -30°C for 1.5 hours and

- 229 -



in tetrahydrofuran. The reaction was stirred for 1.5 hours at room
tenperature and then the solvent was renmoved in vacuo and the residue wa
taken up i V@MY %cetate, water and 10% potassi um bi sul f at BETPPIHI3F11 After
extraction with ethyl acetate (three tines), the extracts were 20 °

conbi ned, washed with small anmounts of water (tw ce), and brine, dri ed over
sodi um sul f atthenaitd20W RS Boee. tThegtéé@tléﬁQve{&wQ{mga Yelecass gguct as
an anorphous residue. - 230 - [err] A solution of the produ t rom part
(e) (466 ng) byveheradditionof 326 potagdium bisulfateambl)than@thpbacetaty. caftbpnat e
(239 ny, 2.84 mol) 5 dinethylformamde (4 m) was stirred at room
t enper at ur e (f¥gEACE ’r?i“tmg cef:%teh(&%’f% timpe), theyethyd acekate extuactsowera h

cotate (twi CETERE @%ﬂlyﬁﬁr‘g%%@i%%‘?ésfﬁﬁi%v{e‘é‘%aé%u@?euﬁﬁ%%%%t anieREER i t

di | ute pokassbWh oily residue. The residue was dissolved in ethyl ether and washed

with saturated sodium bicarbonate (twice). The combined sodium

bicarbonate extract was washed with ethyl ether and then layered with

ethyl acetate. The pH was adjusted to 2.2 (10% potassium bisulfate) and

after extraction with ethyl aceiate (three times), the acidic ethyl acetate
10 extract was washed with brine. dried over sodium sulfate, and

concentrated to give 624 mg of the desired product as a crude oil.

e)
— l? COOH
(H3C)3—C—0-C-N 4, 4

/—MNH

O
To the crude product from part (d) in tetrahydrofuran (3 ml) at 0 -
15  5°C under nitrogen was added 2.7 ml of 1M tetrabutylammonium fluoride
in tetrahydrofuran. The reaction was stirred for 1.5 hours at room
temperature and then the solvent was removed in vacuo and the residue
was taken up in ethyl acetate, water and 10% potassium bisulfate (11 ml).
After extraction with ethyl acetate (three times), the extracts were
20 combined, washed with small amounts of water (twice), and brine, dried
over sodium sulfate, and concentrated to give 470 mg of crude desired

product as an amorphous residue.
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bisul fate, water (twice) and brine, dried over sodiumsulfate. and 10
concentrated_to ve 563 ng of an oil. This oil was chronmato &f%g er
silica gel bv #&{}lﬁg wi th nethyl ene chloride and then net hyPene %ﬁﬁ

chl oride: ethyl acetate (1 1) to give 407 ng of the desired product as an
anor phous residue. [err]” Trifluroacetic acid (1 m) was added to a stirred
solution of thefyproduct fromstep (f) (300 ng, 0.80 mml) in nethylene
chloride (3 m) at 0 - 5C. After 5 mnutes, the reaction was stirred at

roomtenperature for 1 20 hourp and .t hen concent ted in vacug to give the
desired product as a residue. - b3 [err] To _§§I t#_. on 4 e product
frompart (g) (0.80 hfaff)p—TR R - V,ma___r %‘ und argon was

added sequentially N, N -

Y e
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 agueous layer was extracted with ethyl acetate (twice). The
ethyl acetate extracts were combined. and washed with dilute potassium
bisulfate, water (twice) and brine, dried over sodium sulfate. and

10 concentrated to give 563 mg of an oil. This oil 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
I
HOOCF;C HNQ— o CO‘"CHE—@
o NH

0
Trifluroacetic acid (1 ml) was added to a stirred solution of the
product from step (f) (300 mg, 0.80 mmol) in methylene chloride (83 ml) at 0
- 5°C, After 5 minutes, the reaction was stirred at room temperature for 1
20  hour and then concentrated in vacuo to give the desired product as a

residue.
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5 dicarbobenzyl oxy-S-nmet hyl i sot hi ourea (430 ng, 1.20 mml), triethylam ne
(0.45 M. 3.23 mmol ), and nercuric chloride (326 ng, 1.20 % The .
reacti on WYQ%673Fed at room tenperature for 2.5 hours and XGREHSP{IP{IL od
through Celite using ethyl acetate. The filtrate was washed with dilute
aqueous potassium bisulfate (twice) and brine, dried over sodium sulfate.
10 and concgntrated to an oily residue (767 ng). Purification by

chromat ography over silica gel eluting with nmethyl ene chloride: et hyl
acetate (6:4) and nethylenefthloride: ethyl acetate (3:7) gave 342 ny of
the desired p ct as an oilly residue. [err] To the product frompart (h)
(136 ng, O. Z@T,C%FEQWW dried by azetroping fromtetra' hydrofuran
and tol uene, | et rahydrofuran| (2 ) at -78[err]jC under argon was added
0.30 mM of 1.@vsodium- 2§2 - ' rirrethylsiIlL)Ja__mcgg mrol ). The

m xt ure was @ et CHgr~ A0 C—~N %, , .
H b
»/—NH
o7

To a solution of the product from part (g) (O..80 mmol) in dry
dimethylformamide (3 ml) under argon was added sequentially N,N'-

5 dicarbobenzyloxy-S-methylisothiourea (430 mg, 1.20 mmol), triethylamine
(0.45 ml, 3.23 mmol), and mercuric chloride (326 mg, 1.20 mmol). The
reaction was stirred at room temperature for 2.5 hours and then filtered
through Celite® using ethyl acetate. The filtrate was washed with dilute
aqueous potassium bisulfate (twice) and brine, dried over sodiuin sulfate,

10 and concentrated to an oily residue (767 mg). Purification by
chromatography over silica gel eluting with methylene chloride:ethyl
acetate (6:4) and methylene chloride: ethyl acetate (3:7) gave 342 mg of the

desired product as an oily residue.

15 1)

(By—crmor ey
B> {"i-o_%@
°’—N\E—§—@

To the product from part (h) (136 mg, 0.23 mmol), previously dried

by azetroping from tetrahydrofuran and toluene, in tetrahydrofuran (2 ml)
at -78°C under argon was added 0.30 ml of 1.0M sodium
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m nut es and then phenylisocyanate (31 [err]l,0.28 mvol) was added. The
reaction was warned to O[err]C over 40 m nutes and poured imﬂ{ﬁlgs%l #&1 10%
pot assi um bi NP P¥81%nd water. After extraction with ethyl acetate 8 hree 5
times), the ethyl acetate extracts were conbi ned, washed with water (three
times), dried over sodiumsulfate, and concentrated to give 193 ng of an

il. Purificati o 5 i |4 |l it | t hyl
chl or de: et hyl PaG3fpUPERARERRR Y A0 Bl RS nlRbE shitd R 18 1 7
(95:5) gave 121nf{Hufds ddietHéaiHRS1iB6GENGte B A28 imb§ WaduRldede! The The
product frompart (i) (115 ng, 0.163 mmol) was hydrogenated in di oxane (4

m) and 1. ON HCredction wa¥ whitme@ td 68C B%8F 10 nlinbes AiEpeNed iato 208b gfadgewedi um
on carbon catalyst (35 ng) at 1 atnosphere for 1 hour. After 15 filtration

usi ng aqueous dpotassimm bisulfaté andveatensAften eztrtactive sitloethyl @setide (thrke s
resi due was Jyogigill | zed from aqueous di oxane to give 89 ng of crude

product . Pur® fi timespthsethylacatate iextracts weresamiigedyzashpdwithovater 25
m/mm using a gkadient (10.-.409% of solyent A.(10% nethanol .+ Y% wat er +
0.1%trifl uor oag%‘ff%%&ﬁs )‘ﬁé‘%""%ﬁ%}@‘&m %“i(l% /oa%gmn??é‘ﬂ%ﬁglr%o wgwfo% ro+
0.1% trifluoroagph 6i1aPhiflcatiBh Bydht&thatography over silica gel eluting with

methylene chloride: ethyl acetate (98:2) and then methylene chloride:ethyl

acetate (95:5) gave 121 mg of the desired product as an oily residue.

10 )
/El.o CF3COOH
HoN 0_/ COH
"‘.‘_(
7N
N0
[

0

{homochiral)
The product from part (i) (115 mg, 0.163 mmol) was hydrogenated in
dioxane (4 ml) and 1.0N HC1 (163 pl, 0.163 mmol) in the presence of 10%

palladium on carbon catalyst (35 mg) at 1 atmosphere for 1 hour. After

15 filtration using aqueous dioxane, the filtrate was concentrated to a
residue. This residue was lyophilized from agueous dioxane to give 89 mg
of crude product. Purification by preparative HPLC [YMC S5 ODS 30 x
250 mm, 25 ml/min, using a gradient (10 - 40%) of solvent A (10%
methanol + 90% water + 0.1% trifluoroacetic acid) and solvent B (90%

20 methanol + 10% water + 0.1% trifluoroacetic acid)} gave after
Iyophilization 31 mg of desired product as a white hydroscopic solid, IR
(KBr) 1780 cm-!; (M+H)+ = 346.
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| yophilization 31 ng of desired product as a white hydroscopic solid, IR
(KBr) 1780 cm'; (M+H + = 346. - 233 - [err] D-tert-buty, | ate
(10.9 g, S5WOAMSIISwas slowy added to a stirred sol ution ofé%ﬁh%%;lgﬁ.?

ni pecotate (6.2 m, 40 mvl) and N, N diisopropylethylamne (7.0 m, 40
mmol) in nethylene chloride (80 m) at OC under argon. The cooling bath was
removed, dinethylam nopyridine 10 (fx4 e f79m0l ) was added, and the
reaction was stirred overnight at O'U'rrr'ag?rlp'em ure. The reaction was
concentrated in vacuo and the residue was aken up in ethyl acetate. The
ethyl acetate was washed w Iute HC1(2| x) and brine (2 x), dried over
magnesi um sul fate and conce 4, an OH whi ch was pased through a
colum of silica gel using

' N N—C-—O—CIZH—CH(CH:;)z

CH(CHi)»
(diastereomer mixture)

a)

O

It

ﬁ C-0-C3Hs
5 (H3C) 3¢—0-C—N

D-tert-butyl dicarbonate (10.9 g, 50 mmol) was slowly added to a
stirred solution of ethyl nipecotate (6.2 ml, 40 mmol) and N,N-
diisopropylethylamine (7.0 ml, 40 mmol) in methylene chloride (80 ml) at
0°C under argon. The cooling bath was removed, dimethylaminopyridine
10 (0.49 g, 4 mmol) was added, and the reaction was stirred overnight at room
temperature. The reaction was concentrated in vacuo ana the residue was
taken up in ethyl acetate. The ethyl acetate was washed with dilute HC1(2
x) and brine (2 x), dried over magnesium sulfate and concentrated to an oil,
which was pased through a column of silica gel using hexanes-ethyl acetate

15 (8:2) to provide 10.2 g of the desired product as a colorless oil.
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[err] A solution of 1IMIithium alum num hydride in tetrahydrofuran (40.4
m, 40.4 mol dded over 10 mnutes to a stirred soluti e
product from W‘%e (9.92 g, 38.5 nmmmol ) in tetrahydrofuran 532089%1138}_&
O[err] C under argon. After 45 minutes, the ice water cool ed reacti on was
deconposed by the cautious dropw se addition of 5N sodi um hydroxi de (10
m). The mxtung was stirred for 10 mi nutes and the semigranular mxture
was filtered. The filtrate was concentrated to an oil. which was 10 taken
up in ether. The ether was washed wt ine, dried over sodium sul fate and
concentrated to an oil, which solidi{ied CHyecOH to give 7,73 g of the
desired product. c) [err] 15 ution of the product from part (b)
(4.1 9, 20 nmol) in 30 nl of nethylee chloride was added over 10 minutes
to a stirred solution of C=0

i
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

ot

the product from part (a) (.92 g, 38.5 mmol) in tetrahydrofuran (120 ml)
at 0°C under argon. After 45 minutes, the ice water cooled reaction was
decomposed by the cautious dropwise addition of 5N 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 in vacuo to give 7.73 g of

N

4

the desired product.
c)

=0

Q—0—0

-{CH3)3

15 A solution of the product from part (b) (4.1 g, 20 mmol) in 30 ml of
methylene 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 0°C under argon.
The cooling bath was removed and the reaction was stirred at room at

20 room temperature for 1 hour and filtered. Concentration of the filtrate

gave an oil which was stirred with ethyl acetate for 15 minutes. After
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tri phenyl phosphine (7.34 g, 28 mmol ), .im dazole (1.91 g, 28 mmol) and
lodine (7.1 28 mol) in 70 mM of nmethylene chloride at 0 er
argon. The %‘1’?73’95 bat h was.renoved and the reaction was st{’ﬁ‘@gg&é’#gﬁoom at
20 roomtenperature for 1 hour and filtered. Concentration of the filtrate
gave an oil which was stirred with ethyl acetate for 15 minutes. After -
235- filtration, the filtrate was washed with 5% sodi umthi osulfate (3x)
“and t hen filiration, thé filtratecwasrwgshed witls 6% sodiymathdosidfete (8x}andl t o give 11.4
g of crude product, which was chromatographed over silica ge{ usi ng

met hyl enéhem boinegdried oxer magngsinmysulfate; and sancexiraied 4o @verkl-4 & ol or | ess

Ca okt SRR Vi A Bk g 158755, o
e LSS Ao B R Gl BRI bt idf ot o0 0 61 10
d) '

O—'/,,,. CO-H
N |

- O

Si(CHi)2

O—0—0

_ C(CH3)3
(CH3) 3 -

Reaétion of (4S)-N-(t_-butyldimethylsilyl)azetidine-z-one-é-
carboxylic acid (1.15 g, 5 mmol) and the prddudt from part (c) (3.25 g, 10
mmol) according to the proceduré of E;;ample 171 step (d) gave 1.98 g of

10 the crude desired product as a foam.

e) o '
N | :

NH

=0 0?

—0—0

C(CH3)3 .
Treatment of the product from part (d) (1.98 g) with tetra- |
.'butylammonjum fluoride in tetrahyﬂrofuran according to the procedure of
15 Example 171 step (e) gave 1.64 of the crude desired product as an oil.
f)

/ L
(f: . 04

!

C(CH3)3

. .936-



e) [err] Treatnent of the product frompart (d) (1.98 g) with teéra- .
butyl ammoni ur fl uori de in tetrahydrofuran according to the procedure of !
Exanpl e 171 rs%’gﬁglf‘g)lsgave 1.64 of the crude desired product aBCHNS¥IB8Ilg
[err] - 236 - Treatment of the product frompart (e) (1.64 g) with -
benzyl brom de according to the procedure of Exanple 171 step (f) gave 1.23

of the desired pr | ]l
gl uting with methyl gﬁ'gﬁimﬁﬁrﬁgggk%&lﬁ;go%%%%ggbgwgﬁ%&%@ F'é’xgg&'eet ate
(6:4). 5 0) [erctdrdingtd thel procefurk bf Bxaadile 171 58P @rgdve(128 §Q2thy, 1 nmol ),
desired product as an oil after silica gel chromatography by eluting with

methylene chloride and then methylene chloride/ethyl acetate (6:4).

0
O fom(®
N

' O
=0 J—N\ / \ "

c
o . —~C— O—CH—CH (CHj3)
| 3 CH(CHs3) 2

A solution of the product from part (f) (402 mg, 1 mmol),
triethylamine (0.28 ml, 2.0 mmol), 1-diisopropylmethoxycarbonyl-

10  piperazine-4-carbonylchloride (436 mg, 1.50 mmol) and
dimethylaminopyridine (31 mg, 0.25 mmol) in methylene chloride (4.5 ml)
was stirred at room temperature under argon for 8 hours and stored at
0°C overnight. The reaction was concentrated in vacuo and the residue
was taken up in ethyl acetate, 10% potassium bisulfate (4 ml) and water.

15 The ethyl acetate layer was washed again with dilute potassium bisulfate,
water (2 x), and brine, dried over sodium sulfate and concentrated to a
viscous oil (779 mg). Chromatography of the oil over silica gel using 10%
and then 20% ethyl acetate in methylene chloride provided 618 mg of the
desired product as an oil.

20 )

I
" c—o-cnz—@
HOOCF3C©_ _( 0

" 7N N—-IC o—fH CH({CH3)
7 — — 3)2
0 K /
ﬁ:/ CH(CH3) 2

o
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triethylamne (0.28 m, 2.0 mol ), 1-diisopropyl nethoxycarbonyl- 10

pi perazi ne-4-carbonyl chl oride (436 ng, 1.50 nmol) and di mﬁéﬁ‘l am n#gifn” di ne
(31 ng, 0.WO9HMI5 in nethylene chloride (4.5 M) was stirrk

tenperature under argon for 8 hours and stored at OC overnight. The’
reacti on was concentrat ed in vacuao and the residue was taken up in ethyl

acetate, 10% pot aggiay getate
| ayer was vvashed agal nw tﬂl:%El {0(7]5 l?agg‘lg%m {igé &m&_ggltu% Jﬁ{éﬂqﬁ and
brine, driedpffiict Beeh paTtS(E) (£86Emal dﬁGQﬂﬁﬁﬂ intinethylené chlosideUS i) at( 779
ny) . Chrorra?lc))graphy of thtz@ml ovgp silica ’gel usﬁ\g 10% and t hen 20% et hyl
acetate in n@tHCeAfteh nnnutesptbwrMo&lﬂasrgtuﬁedtdtqodnstemﬂemﬁnmjfm as an
oil. 20 h) - Trifluorgacetic acid (0.75 was added to a stirred

sol uti on of ?ﬁ’@“ﬁ and conqentrated i veeno tomesidue, GV was frthernet hyl ene
chl oride 5( 3 coﬁceg&ated from methylene chloride (5 x) and then chloroform (2 x) to «

give 648 mg of compound of the desired product as an oil.

1l
"'C‘-O""Cl:H——CH {CH3) 2
CH{CHz3)

To a solution of the product from part (h) (0.25 ml) in

10 dimethylformamide (1.5 ml) under argon were added sequentially N,N’-
dicarbobenzyloxy-S-methylisothiourea (136 mg, 0.38 mmol), triethylamine
(0.21 ml, 1.5 mmol) and mercuric chloride (103 mg, 0.38 mmol). The
reaction was stirred at room 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 15% and then 20% ethyl
acetate in methylene chloride to give 146 mg of the desired product as an

oily residue.
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0 - 5[err]C After 5 mnutes, the reaction was stirred at roomterrperature

for 2 hours and concentrated in vacuo to a residue, whi ch 5}}
concent rat edV® PYFihet hyl ene:chloride (5 x) and then chl oroformdzgzq fg’
gi ve 648 ng of conpound of the desired product as an oil. i) O [err] To a

solution of the product frompart (h) (0.25 m) in 10 di et hyl f or mam de
(1.5 m) underjyargon were added sequentially N, N -
di car bobenzyl oxy- S-nmet hyl i sot hi ourea (136 ng, 0.38 nmol), triethylam ne

(0.21 m, 1.5 mml) and ner, 'c chloride(103 ng, 0.38 mmol). The reaction
was stirred at roomtenper@ 3 h O@ﬂ{ diluted with ethyl acetate and
filtered through Celite. TReg Itra s washed with dilute 15 aqueous

pot assi um bi sul fate (2 x) And bri ne dr| ed over sodium sul fate and
then 2

concentrated to.eECDI ng) , i g: ro raphy over
w Eé%" "‘M | ene .
uct as

silica gel by eluting wth 8% an
chloride to give 146 ngy of the desired pro'g an oi C¥(CHslidue.

(diastereomer mixture)

5 The product from part (i) (141 mg, 0.163 mmol) was hydrogenated in
dioxane (5 ml) and 1.0 N HCI (0.163 mmol) in the presence of 10%
palladium on carbon catalyst (42 mg) at 1 atmosphere for 1 hour. After
filtration using aqueous dioxane, the filtrate was concentrated to remove
dioxane, filtered, and lyophilized to give 47 mg of the desired product as a

10  white solid; IR(KBr) 1787 ¢cm-!, consisting of a mixture (52:48) of

diastereomers as determined by HPLC.
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- 238 - [err] 5 The product frompart (i) (141 ng, 0.163 nmol)
was hydrogenated in dioxane (5 mM) and 1.0 N HO (0. 163 mml%r#yn the .
presence oOAMETALY | adi um on carbon catalyst (42 ng) at 1 aPHB¥PHE R ror 1
hour. After filtration using aqueous dioxane, the filtrate was concentrated
to renove di oxane, filtered, and |yophilized to give 47 ng of the desired
product as a 10 white solid; IR(KBr) 1787 cm', consisting of a mxture
(52:48) of diastereoners as determ ned by HPLC. -239 -
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[err] 5 To a solution of di(tert-butoxycarbonyl)amne (2.17 g, 10 nmol) in
di met hyl f or ] m) at OC was added 6.8 g of a solution of potassium
tert-butylagﬁ?éggg%%gtoluene. The addition was carried out véF?“@%@ﬂF??over
30 mnutes. After stirring for one hour at 00C, |-chloro-4- 10 iodobutane

(2.18 g, 10 mml) was added dropwi se and stirring was continued for 2 nore
hours. Water (20 m) and hexane (20 m) were added for the work-up. The
aqueous | ayer was extracted with additional hexane (3 x 20 m). The

conbi ned organic |aver was washed with 1.0 N ice cold sodi um hydroxi de,
saturated sodi um phosphate. nonobasic solution, and 15 finally brine. After
drying over sodiumsulfate and evaporation, 2.76 g of the desired product

was obt ai ned aE".aIight wel | ow oil . b) &
o < <f
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[err] To a solution of the product frompart (a) (4.5 g, 15 nmmol) in
acetone 20 (60 m) were added sodiumiodide (7.3 g, 49 muol) and sodi um

bi car bonat WO(99873#fpl ). The reaction was refluxed at 60[err] AP oyr s,
- 242 - At that tine, additional sodiumiodide (2g) and acetone (30 m)
wer e added and refluxing was continued for another 8 hours. Evaporation and

extraction of the residue (oil and alnilglé“ﬁg hexane (5 x 30 nl) and

washi ng of the conbi ned extraction th 2.0 Nsodiumsulfite 5

and brine, and dryi over sodium sul fage yielded after concentration 5.02
g of the desired pragluct as a yell ow oil . [err] 10
(4S)-N-(tert-Butyl dj 1@ylsi | yl)azeti di agg2- one-4-carboxylic acid (2.30 g,

10 mol ) [ Bal dw alg NFetwafiddr on, Mol . 46, p. 4733 - 4748,

s /|
—N  N-—C-0—CH-CH(CHs)
\_/

IC!) CH(CHz)
(homochiral)

0
I
[ (H3C)3—C—O- cl—- NTTNTNACL
9

<

To a solution of di(tert-butoxycarbonyl)amine (2.17 g, 10 mmol) in
dimethylformamide (40 ml) at 0°C was added 6.8 gof a solution of
potassium tert-butylamylate in toluene. The addition was carried out very
slowly over 30 minutes. After stirring for one hour at 0°C, 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
|
[ (Hac)s-c—o-clzl-N/\/\/I
2

To a solution of the product from part (a) (4.5 g, 15 mmol) in acetone
20 (60 ml) were added sodium iodide (7.3 g, 49 mmol) and sodium

bicarbonate (12 mmol). The reaction was refluxed at 60°C for 12 hours.
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1990] dissolved in tetrahydrofuran (10 m ) was added dropw se over 20

mnutes to a solution of lithiumdiisopropylamde (21 nmol) i%l#% .
tetrahydr of uM¥E85i ) at -50[err]C. After the addition was cCoO Gl

tenperature was allowed to rise to -20[err]C at which time a solution of
the product frompart (b) (4.80 g, 12 mmol ) dissolved in tetrahydrofuran

10 m dd 20' C
S ter { he addi troaiatley Sagitobll bRl agPURE abone GO aBEe” 06 )
wes 20 added anmbatde fifuess web 66iEehedto Arbty § RoursdiiepBrutthn dad N

sodium sul fate solution. After stirring for 1 hour at OC the reaction
sol uti on was ex&xtamtﬁﬂwﬁthhrhadaenén{ﬁﬂdsbhd) with hegaee (Gx[38yml) amds adj ust ed
to pH 3 with 6.0 N HCI ﬂd extracted with ethyl acetatel\ﬁ150 m). The
organi ¢ phase M@S}N@g@é ALem Wﬂr?é‘tmoarﬁoéléﬂ@@ withe-0 N spdjupy S‘ﬂﬁée desired

25 pr OdUCt A% 91'1’13 ,r zln?f arymg over so%mm sulfaLCe y1e]1ded after concentration 5.02

g of the desired product as a vellow oil.

c)

]
[ (H3C>3—C—O—!i‘]-;l\l\/\/,,, ’COH

_J——NH
o/

10
(4S)-N-(tert-Butyldimethylsilyl)azetidine-2-one-4-carboxylic acid

(2.30 g, 10 mmol) [Baldwin et al., Tetrahedron, Vol. 46, p. 4733 - 4748,
1990] dissolved in tetrahydrofuran (10 ml) was added dropwise over 20
minutes to a solution of lithium diisopropylamide (21 mmol) in

15  tetrahydrofuran (60 ml) at -50°C. After the addition was completed, the
temperature was allowed to rise to -20°C at which time a solution of the
product from part (b) (4.80 g, 12 mmol) dissolved in tetrahydrofuran (10
ml) was added dropwise. Stirring was continued for 2 hours at -20°C after
the addition was completed. After warminig to 0°C, water (100 ml) was

20 added and the pH was adjusted to 12.5 by the addition of 1.0 N sodium
sulfate solution. After stirring for 1 hour at 0°C the reaction solution was
extracted with hexane (50 ml). The aqueous layer was adjusted to pH 3
with 6.0 N HCI 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.

- 243 -



Trifluoroacetic acid (25 m) was slowy added to the product from part (c)
(2.5 g, 5 mmol) dissolved in nethvle chloride (50 m) at 0C. After

stirring fWO9ETHFnutes and evaporation, toluene (20 m) vvd’§TA'€§:?§’d3stlb the
oily residue. The tol uene was evapor ated again to renove excess
trifluoroacetic. acid and give 1.6 g of [err] which was used for the next
step wi thout &Purification. 10 The above trifluoroacetic acid salt
(1.6 g was dissolved in nethanol (30 m) and after cooling to -5[err]C the
pH was adjusted to 8.5 by adding triggthylamne (0.7 m) followed by

N, N- di car bobenzyl oxy- Qet hyl i sot hijpurea (2g, 5.5 mmol ). The reaction was
stirred for 12 hours I-t +#1¢. The nethanol was stripped off in
vacuo an the oily 15 gi due was taken up in ethyl aceta (20 m) and
water (10 m). After ¢ ing to 0[ the pH was adjustled to 3.0 with
2.0 N sodi um bi sul fat@uﬂ S rat eptOtnd t he aqueous
| ayer was extracted w et hy acet ate (2 HWP% onbl ned organic

| ayer was washed with brine and extracted with an icejcolld saturated sodi um

bi carbonate 20 solution (3 x 20 m). After cooling yo—88H t he aqueous
phase was aci dified o

Trifluoroacetic acid (25 ml) was slowly added to the product from

part (c) (2.5 g, 5 mmol) dissolved in methvle chloride (50 ml) at 0°C. After
5  stirring for 30 minutes and evaporation, toluene (20 ml) was added to the
oily residue. The toluene was evaporated again to remove excess

trifluoroacetic. acid and give 1.6 g of

COH

HOOCF3C°H2N\/\//,, '

——NH
O/

which was used for the next step without purification.

10 The above trifluoroacetic acid salt (1.6 g) was dissolved in methanol
(30 ml) and after cooling to -5°C the pH was adjusted to 8.5 by adding
triethylamine (0.7 ml) followed by N,N'-dicarbobenzyloxy-S-
methylisothiourea (2g, 5.5 mmol). The reaction was stirred for 12 hours at
room temperature. The methanol was stripped off in vacuo an the oily

15 residue was taken up in ethyl acetate (20 ml) and water (10 ml). After
cooling to 0°C, the pH was adjusted to 3.0 with 2.0 N sodium bisulfate
solution. The layers were separated, and the aqueous layer was extracted
with ethyl acetate (2 x 20 ml). The combined organic layer was washed
with brine and extracted with an ice cold saturated sodium bicarbonate

20 solution (3 x 20 mi). After cooling to 0°C, the aqueous phase was acidified
with concentrated HC] to a pH of 3.2 and reextracted with ethyl acetate (3
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with concentrated HCl to a pH of 3.2 and reextracted with ethyl acetate (3

- 244 - Xx 20 m The conbi ned organic | ayers were washed
dried over sowpd’ﬁ{%’(}ﬁf ate, and concentrated to give 1.95 g of %#ﬁs@f/fg?ﬁed
product as a colorless oil. e) 5 Terr]

The product frompart (d) (497 ng, 1.0 nmmol) was dissolved in

t et rahvdr of ur ang ¢& )ngqoﬁgimr 4

di cycl ohexyl car bodln:lmm de (210 Jg_ﬁﬁéQait&fsvHre vfanséfﬁ‘ﬁlambﬁlggy%%? %xéer( 10
mg) and hydr oxydodivmtsulfate)| snd Mcmy&atm]rm @vl@l @95 bithet dgsived prodikdters al 0
stirring for 6 hours at_roomtenperature, nethylene chloride (5 m) was
added. After figqodorlessgil the filtrate was concentrated in vacuo to gi ve 570
ng of crude proeguct as a colorless oil. Purification by flash

chromat ography ©n silica gel eluting with ethyl acetate/hexane gave 495

® I

CH;— O0—C—N

4 L Lo (@)
@_ CHy— O—C—N If{\/\/ /’f,

»~—NH
5 o”

The product from part (d) (497 mg, 1.0 mmol) was dissolved in

tetrahydrofuran (5 ml) and butanol (155 pl, 1.5 mmol),

dicyclohexylcarbodiimide (210 mg, 1.0 mmol), 4-dimethylaminopyridine
(10 mg) and hydroxybenzotriazole (20 mg) were added with stirring. After

10  stirring for 6 hours at room temperature, methylene chloride (5 ml) was
added. After filtration, the filtrate was concentrated in vacuo to give 570
mg of crude product as a colorless oil. Purification by flash
chromatography on silica gel eluting with ethyl acetate/hexane gave 495
mg of the dsired product; IR (KBr) 1745 cm-1.

15

0/—-N‘c—N N~ C-O0—CH-CH(CH3)
=L ~ 3)2
_/ ]
'(L CH(CH3) 2

The product from part (e) (295 mg, 0.5 mmol) was dissolved in
methylene chioride (7 ml). After the addition of diisopropylamine (194 mg,
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ng of the dsired product: IR (RBr) 1745 cm'. [err] The product from part
(e) (295 ng, 0.5 mmol) was dissolved in nethylene chloride 75&1 fter

t he addi t i"A9Y$72Hi i sopropyl ami ne (194 ny, - 245 - 1.5 m?&fr ,93’1386

1- di i sopr opyl net hoxycar bonyl pi per azi ne- 4- car bonyl -chl ori de (218 ng, "0.75
mrol ) and di met hyl am nopyridine (10 ng), the reaction solution was stirred
over ni ght  aty s aeol)e 1HRis8 pr?lméﬁﬂix&b%hyipiperazﬁ e-4,-ca1'b01iyl-chloride

di i sopropyl met hoxycar bonyl pi per azi ne- 4-carbonyl chloride (Z0 ng) was 5
added and st(218 mng @5 monal) iandadinfethylankimopsridiie(10ang),ithe reastiepenched
with 10 m of ice water, (pH was_ adjusted to 4 with potassiumsulfate

sol ution) arkelutden Wagstirgedovermighipiaogm remperajpze. cadditionad 1ni t h et hyl

2 X,.10 m h mbi ned_or. ' hed, wi t h bri ne,
i ea over TERRENIRRH R a S DB ErRAe e oRFieb AEiAS CRBE) BB 1 no 10
col orl esg 0id el CiErrfwaN bbitiffedlor'4 RSl C MU RLEAbAWNS Qttlcnsl! ' ca gel

with 10 ml of ice water (pH was adjusted to 4 with potassium sulfate

solution) and ethyl acetate. The aqueous layer was extracted with ethyl
acetate (2 x 10 ml) and the combined organic layer was washed with brine,
dried over magnesium sulfate, and concentrated in vacuo. The resulting
10 colorless oily residue was purified by flash chromatography over silica gel
eluting with ethyl acetate:hexanes (4:6) to give 392 mg of the desired

product; IR(KBr) 1790 cm-!.

g
NH 0
I
N ' C—OH
HoN 2,
0
7—N /7 |
0 C—N N—C-0—CH~CH (CH3) 2
” \__/
o CH(CHai) 3
15 {homochiral)

A mixture of the product from part (f) (96 mg, 0.11 mmol, 1IN HCl
(110 ul, 0.11 mmol), 10% palladium on carbon catalyst (37 mg) in dioxane
(2.5 m]) was stirred under a hydrogen atmosphere (hydrogen balloon) at
room temperature for 1 hour. The reaction was filtered through a Celite®
20 cake, passed through a polyvinylpyrrolidone resin column, and lyophilized
to give 44 mg of the desired product as a white fluffy powder; IR (KBr)
1780 cm-!, 1669 cm}; (M+H)* = 483.3, (M-H)- = 481.
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eluting with ethvl acetate: hexanes (4:6) to give 392 ng of the desired
product; ITR(KBr) 1790 cm'. [err] A mxture of the product from artgéf)
(96 ny, 0.11 WABKSTAN Ha (110 [err]l, 0.11 mol), 10% pallad?‘fi%ﬁ%?ﬁ" ! bon
catalyst (37 ng) in dioxane (2.5 m) was stirred under a hydrogen )

at nosphere (hydrogen balloon) at roomtenperature for 1 hour. The reaction
was filtered through a Celite 20 cake, passed through a

pol yvi nyl pyrrol i done resin columm, and |yophilized to give 44 ng of the
desired product as a white fluffy powder; IR (KBr) 1780 cm', 1669 cm'

(MtH) + 483.3, (MH)- = 481. - 246-
7~
+ o <
= - o $
A [ap] [ap] o
%
-
.2
g = = =
= = R= =
3] < = <=
[« Q [3] [3)
<D c o Q
b g g g
8o = =] o] =}
7} = = =
=]
o vt
B
-
—
& s
o~
2 )
et &
o = O O
© - O o i
P = s © < < S
o) —_—
i |
w N
£ N o
m: ?
o) >
=}
3=
-] §=<
< 2
T o
> o=
o =
s s e &)
A oY o [
< = Qo Q Be)
E,' B ]| Q Q Q
g
..'é’ (=
g 9
g =2
a o
g ©
o 2
(3
o =
s
2 B ?a: 2
8 g o=0U O=U O=(i.)
E = 53 | | l
;g [=)
& 5
g 5
=
E [o2) o —
8 A S ® 2

- 247 -



[err] Potassiumt-amylate (25%w in toluene, 164.0 g, 322.6 nmol) was 10
added to a solution of di-t-butyl im nodicarboxyl ate (70.1F%HW§$§ pnnl)
in di met hyWeas/fd$ de (500 nl) over a 15 minute period unde 5@5. The
resulting white creany solution was stirred at O[err]C for 40 m nutes. 1-

Chl or o- 3-i odopropane (60.0 g, 31. m, 293.3 nmmol) was added-and the m xture
was stirred at O[err] for 3 hours. Hexane (500 m) and water (300 nl)

M+H)*
334
401
317
394

i
wn
-1 —
g o
2 2 et 8= 2
3 : & 2 :
g 2 & 8 g
@ ® ® & °
2 < & o g
?3 =t -t = -t
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15 were added to the m xture. The aqueous | ayer was separated and
extracted wt (300 mM). The conbi ned hexane extracts d
with I'N sodi u‘?ﬂ?%?%gi de (3 x 300 m), saturated sodium hydro%{ﬁ%ggﬁate
(300 M), half-saturated brine (300 mM), and brine (500 m) and dried over
sodi um sul fate. Renoval of the sodiumsulfate by 20 filtration followed by
concentration gave 84.2 g of the desired product as a light yellow oil

whi ch was dri ed under vacuum overnight. - 252 - [err] The product from
part (a) (55.0 g, 187.2 mmmol) was dissolved in 5 acetone (550 m). Sodium

iodide (84.2 g, 561.6 mmol) and igodi um bi carbonate (7.9 g, 93:6 mol) were
added. The m xture was stirred & 581C (oil bath) under nitrogen for 6
hours and additional sodium:i od%e (14 g, 23.4 mol t was added). The
reaction mxture was stirred fof=12 hours @and the aeetone was evapor at ed.
Hexane (400 m) and water (300 i
2
-2
5 o
@
@ g e
&) )
+ a3 e
3 4 Ei 2 S
m/" z/ ® — —

N
\O

— (CH3) 2‘@

The following additional compounds of formula VI were also prepared

]
bl 2w &
O=Ll) O=Cl)
| |
o) -
Al S b
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10 mM) were added to the resulting solid. The hexane | ayer was separated,
washed with 5% sodi umthiosulfate (300 m). half -saturated brine (300 m)
and brine (M®8%M35 dried over sodiumsulfate, and filteredPCRUSEYWSUD g of
a silica gel pad. The silica gel pad was washed wi th hexane (400 m )~
Concentration of the filtrate gave 68.2 g of the desired product as a |ight
15 vyellow oil which was dried under vacuum overnight. [err] 20

n-Butyl lithium (2.5 Min hexane, 46 nm, 115.0 nmmol) was added to a
solution of diisopropylamne (11.7 g, 16.2 m, 115.3 mmol) in '
tetrahydrofuran (150 nm) atjOC under nitrogen. The resulting solution was
stirred at o[err]C for 30 M|nutes then cooled to -30[err]C. A solution of
(4S)- N-(t-butyl di methyl sid}l)-azeti c@ne-Z-one-ﬁgcarboxyl ic acid (12.0 g,
52.4 25 mol) [Baldwin et @l , Tetraledron, Vol = 46, p. 4733 - 4748, 1990]
in tetrahydrofuran (60 m) was added and the m xture was stirred at

-20[err]C - 253 - P
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for 30 mnutes. A solution of the iodo product frompart (b) (24.0 g, 62.3
nmol ) in tetrﬁwﬁgkﬁ%gran (30 M) was added dropw se over a 20 m nute period
and the resul ture was stirred at -201C for 2 hours. TReT/PERES#In

m xture was allowed to warmto OC and water (300 n1) was 5 added. The

m xture, adjusted to pH 12.5 with 10% sodi um bi sul fate, was stirred at 0C
for 30 mnutes and then washed with hexane (2 x 100 m ). The aqueous | ayer
was cooled in an ice-bath and acidified to pH 3.0 by the dropw se addition
of 6N HCO . This solution was saturated with sodium chloride and extracted
with ethyl acetate (3 x 150 ml) xyThe conbi ned ethyl 10 acetate extracts
were washed with brine (200 m ) &dried over sodiumsulfate. filtered and
concentrated to give a yellow odf. This oi® was dissglved in acetonitrile
(20 m) and evaporation of the adetonitrile gave 16. & g of the desired
product as a yellow foam 15 d) [err] The product frompart (c) (4.25 g,
11.4 nmmol ) was added to a 1:2 miture of trifluroacetic acid/ nethylene °
chloride (42 m). The resulting®0 m xture was stirred at roomtenperature

for 30 m nutes under a nitrogeng
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at nosphere. Tol uene was added (80 ml) and the m xture was concentrated to a

smal | volune (approximately 15 m ). Additional toluene (80 ni dded
and the mmé%ﬁg s concentrated to dryness to afford a yeIT%%W%%?I. s

A mxture of triethylamne (3.97 m, 28.5 mml) and net hanol .(42 m ) was
added into the above oil at OC. Additional triethylamne (0.85 - 254 -

m, 5.7 mol) and N, N -bi s(benzyl OX)]%%IE ggnylldz 1- guanyl pyrazole (4.31 g,
11.4 mmol) [Wi1 et al, Synthetic Comm ' , 23(21), p. 3055-3060
(1993)] were added. The m xture was stirred at roomtenperature for 11
hours and then concentrated in vacuo at 250C to afford a yellowoil. 5

Et hyl acetate (30 ml) and_water (10 ) were added to this oil followed by
acidification to pH 3.2 éﬁ;][_C ciype addition of 2M potassium

bi sul fate whi ch was satuna¥ed with sodijum chloride. Th @ dic nixture was
[ rat or unnel . THe | 2yer " ted, and the
poured into a separa @-—CHrO-C—N lg,sfxw}ré
H E

NH
0

The intermediate of Example 1(b) was also prepared as follows:

]
(H3C) 3~C—0— C}— N-(CH3):~C1
2

Potassium t-amylate (25% wt in toluene, 164.0 g, 322.6 ﬁmol) was
10 added to a solution of di-i-butyl iminodicarboxylate (70.1 g, 322.6 mmol) in
dimethylformamide (500 ml) over a 15 minute period under nitrogen. The
resulting white creamy solution was stirred at 0°C for 40 minutes. 1-
Chloro-3-iodopropane (60.0 g, 31. ml, 293.3 mmol) was added and the
mixture was stirred at 0° for 3 hours. Hexane (500 ml) and water (300 ml)
15 were added fo the mixture. The aqueous layer was separated and
extracted with hexane (300 ml). The combined hexane extracts were
washed with 1N sodium hydroxide (3 x 300 ml), saturated sodium
hydrogen phosphate (300 ml), half-saturated brine (300 ml), and brine
(500 ml) and dried over sodium sulfate. Removal of the sodium sulfate by
20 filtration followed by concentration gave 84.2 g of the desired product as a

light yellow oil which was dried under vacuum overnight.
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aqueous | ayer was washed with ethyl
that the pH of the aqueous solution was in the range of 2. 9
conbi ned et hYO®EE4t e sol uti ons were washed with saturated so |um ¢

solution (25 m)and the product was extracted with saturated sodi um

bi carbonate (3
washed with et
concentrated H

acetate solution wa

concentrated i

gjl acetate (2 x 25 m), acidified to pH 3.2 15 wth

at OC, treated with saturated sodi umchloride (solid),

n vac

finally extracted Wi{h et hyl ac ate (3 x 25 nm). The conbi ned et hyl

acetate (2 x 25 n) while ensuring 10
Hlorrde

x 25 m). The conbi ned sodi um bi carbonate sol utions were

and

dried over nh drous ma nesiumsul fate, filtered, and
dBs% 1% oPa | ) of the desired product as

a pale yelllow foam" 20 Exarrpl e @3 The product of Exanples 21 and 32 was

al so prepared as follows: a) [err] Diisopropylamne (14.05 m, 0.10 mol)
dry, three- necked flask equi pped with nechanical stirrer,

was added to a
and mai nt ai ned

5

10

15

20

25

undefT@product from part (a) (55.0 g, 187.2 mmol) was dissolved in
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
58°C (oil bath) under nitrogen for 6 hours and additional sodium iodide
(14 g, 93.4 mmol) was added). The reaction mixture was stirred for 12
hours and the acetone was evaporated. Hexane (400 ml) and water (300
ml) were added to the resulting solid. The hexane layer was separated,
washed with 5% sodium thiosulfate (300 ml). half -saturated brine (800
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

yellow oil which was dried under vacuum overnight.

o)
it / COOH
[ (H3C) 3~ C—0-C 21\/\/""——{

—~NH

N

n-Butyl lithium (2.5 M in hexane, 46 ml, 115.0 mmol). was added to
a solution of diisopropylamine (11.7 g, 16.2 ml, 115.3 mmol) in

tetrahydrofuran (150 ml) at 0°C under nitrogen. The resulting solution

was stirred at 0°C for 30 minutes then cooled to -30°C. A solution of (4S)-

N-(¢-butyldimethylsilyl)-azetidine-2-one-4-carboxylic acid (12.0 g, 52.4

mmol) [Baldwin et al, Tetrahedron, Vol. 46, p. 4738 - 4748, 1990} in

tetrahydrofuran (60 ml) was added and the mixture was stirred at -20°C
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argon at nosphere. Tetrahydrofuran (anhydrous, 33 nl) was charged to the
flask and while the m xture was stirred and cooled to -20[err]C. a_ solution
of n-buty|WPi%72isn (38.3 m of a 2.5 Msolution in hexanes,? ."(’)?8’1%}) was
added dropwi se and the solution was stirred at 5 -20[err]C for 10 ninutes.
A solution of (4S)-N-(t-butyldinethylsilyl)- azetidi ne-2-one-4-carboxylic

id (10.0 6.l ) [ Bal dwi |, Tetrahed | 4733 -
?1:7”48, (19001t B0 gilies) &T@“&%’ Bé%f%ﬁparﬁ?ﬁét ﬁ%"é‘é@ﬁ%@@#ﬁf@ 88:3720' ¢ and
lowed to shj i ' _chloro 3] edan 5.6

o Cn ot ighol) 38 el e AOMAAORAR drdiiBé Bver 4 HTREARANC (

appr oxi mat el yeriod andithe yeswltingrmbitufe wag stirre®at Q0PCrionRowes.Thel y 2
hours. 2.6M potassiumbisulfate (75 m), water (100 m) and ethyl acetate
(100 m) werreastivoonixtyre wasmlloweddtomarm taSCandwater @09apbrwasry funnel .

The aquequs | aye H2 -3 s . drawn _angd extracted, wth ethyl
acetate ( xa&%e‘id #Bem@tgﬁ%gﬁﬁ@tg@%‘o Eﬁﬁ-?%@ha@%@ﬁm ’éb‘gféﬁ?i &S hed
sequenti al | ysﬁﬂ'xtela AR fo&%o%ﬁﬁxt% lmd then washed with hexane (2 x 100 ml).

The aqueous layer was cooled in an ice-bath and acidified to pH 3.0 by the

dropwise addition of 6N HCl. This solution was saturated with sodium
chloride and extracted with ethyl acetate (3 x 150 ml). The combined ethyl
10 acetate extracts were washed with brine (200 ml), dried over sodium
sulfate. filtered and concentrated to give a vellow oil. This oil was
dissolved in acetonitrile (20 ml) and evaporation of the acetonitrile gave

16.4 g of the desired product as a yellow foam.

15 4d)

0
(O)—car— o C'IN COH
] /L e,
@——CHT- 0—C-N g/\/
H

—— NH

N

The product from part (c) (4.25 g, 11.4 mmol) was added to a 1:2

mixture of trifluroacetic acid/methylene chloride (42 ml). The resulting

20  mixture was stirred at room temperature for 30 minutes under a nitrogen
atmosphere. Toluene was added (80 ml) and the mixture was
concentrated to a small volume (approximately 15 ml). Additional toluene
(80 ml) was added and the mixture was concentrated to dryness to afford a
yellow oil.

25 A mixture of triethylamine (3.97 ml, 28.5 mmol) and methanol (42
ml) was added into the above oil at 0°C. Additional triethylamine (0.85
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10% sodium thiosulfate (1 x 50 m) and then with saturated sodi um chl oride

to neutral pH. The organic solution was dried over sodium sulljcq.?,jg
filtered andWONAEA at ed to an oil. The oil was seeded with a few crysta
of the desired product and placed under high vacuum overnight to 20 dry.

The resultant
filtered, wash
11.5 g of the

crystalline solid was slurried with hexane (100 m ),

desi red product.

af1,v4. ¢ Bninely A IV ,%g%if(g%?]fylg,gfkakﬁ&ﬁﬁ!}.%agy A WBL G, 0i Ve

oduct frompart (a)

ob/i3310) .

s

(7.02 g, 22.9 nmi)mumm) Wsedhl Synihetie Coplmunicatibng,i2H2)aphg055866040 ni)

under an argon

mai nt ai ni ng ap
was added al on

5

10

15

20

25

at nosphere. The - 256 - solution was stirred and cool ed
to Jerr]C, and1PPBHtwereadded Thesninturowas stimed)atpeomatemneratursl for i | e

B S it WS oo B S IO LB 88 w2 2 ™)

Ethyl acetate (30 ml) and water (10 ml) were added to this oil
followed by acidification to pH 3.2 at 0°C by the addition of 2M potassium
bisulfate which was saturated with sodium chloride. The acidic mixture
was poured into a separatory funnel. The layers were separated, and the
aqueous layer was washed with ethyl acetate (2 x 25 ml) while ensuring
that the pH of the aqueous solution was in 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 25 ml), acidified to pH 3.2
with concentrated HCl at 0°C, 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 in vacuo to afford 4.61 (9.55 mmol) of the

desired product as a pale velllow foam.

Example 193

The product of Examples 21 and 32 was also prepared as follows:

a)
1N, COH
04-—-1\1—?1'- (CH3) 2
C(CH3)3

Diisopropylamine (14.05 ml, 0.10 mmol) was added to a dry, three-

necked flask equipped witli mechanical stirrer and maintained under an
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additional 10 m of nethylene chloride to aid stirring. 4-Dinethyl- 5
am nopyridine (2.8 g, 22.9 mpl ) was added as a solid in one porti with
consi der al¥Y@9Y¥&31%evol uti on. The sol ution was allowed to st FFTEJP%*?’@&] C for
30 minutes. Additional benzylchloroformate (0.3 m, 2.5 mmol) was added and

the reaction was stirred for an additional 20 m nutes. The reacti on was

quenched w gl}% | Fﬁm )

transferredtaFl a g@%% atﬂg?;[% unRg%%ﬁéﬁgﬁgm?%yglg’?ém@ie%g%%%&? t-'lf‘ﬁe
organi c | ayqlaskatmdvwhiledheichixtdPe was atistadradd sadlédte (20 nl), and the
aqueous washes were conbi ned and back extracted with nmethylene chloride (25

m). The or g801Q, astlutionref nrbutyldishbimd38.3wat bfd el eclutminiin wi t h wat er
(25 m). saturated sqdjum.bicarhgnate (25 nm), 15 _and saturateq sodi um
chlori de (25;@1%9% 9-8%mplgwé@%@egﬂrew%?rﬁ%theaﬁéu@% s stirred @kt hy| ene
chl ori degsol yté . e Ich | ) . silica was,
washed wPth ggo@ gqr"‘gé ﬁ’%&(&)ﬁ rﬁg g&i&{tﬁﬁ& %&hn‘gﬁ'gﬁ}%%&}ﬁlgﬂ)'me filtrate

was concent rggbgidid2amed-kartd%gHe heided 0UNEe43 6 RS BUl@F St EEal,r OM t Ol uene
(2 x 25 m) and dried under vgguum over nig’ht to give 20 8.12 of the

desired prodisttrahedron, Vol. 46, p. 4733 - 4748, 1990] was added slowly while

maintaining the temperature at -20°C and allowed to stir for 30 minutes.
A solution of 1-chloro-3-iodopropane (5.6 ml, 52 mmol, 1.2 eq.) in

10 tetrahydrofuran (30 ml) was added over approximately 10 minutes. After
stirring at -20°C for approximately 2 hours. 2.6M potassium bisulfate (75
ml), water (100 ml) and ethyl acetate (100 ml) were added and the mixture
was transferred to a separatory funnel. The aqueous layer (pH 2 -3 ) was
drawn off and back extracted with ethyl acetate (2 x 50 ml). The organic

15 solutions were combined and washed sequentially with water (2 x 50 ml),
10% sodium thiosulfate (1 x 50 ml) and then with saturated sodium
chloride to neutral pH. The organic solution was dried over sodium sulfate
(15 g), filtered and concentrated to an oil. The 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
11.5 g of the desired product.

b)
1S, ,c02CH2-—©

04.—-—1\]——?.1 (CH3)
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
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[err] A solution of the product frompart (b) (10.55 g, 26.6 mmol) in 4-
nmet hyl - 2- pent anone £40 m) was stirred under an argon at nDsphefBses. ﬁg,m
Sodi um i odi ¥OPY¥H724> 133 ol ) was added and the.mi xture was heat e
approxi mately 110CC, protected fromlight, for 7 hours. The m xture was -
257 - cooled to anbient tenperature, diluted with hexane (100 nm) and

filtered througiution v sirré&hhl @6oled B6 0€€] k& riv@ylaRSHE(B. Bintln2b@xane (2 X
50 m). The filtrates were conbined, washed w th sodiumthiosulfate (50 m)

and then wit h maady was@ddedl sioriy vahpﬂremmntmimgsapmnsmateﬂy @%¢racted 5 with
et hyl acetate 100 &1} The or an| sol utiopns weq#e I ned .and
concentrated tBeF¥l ImeﬂVg%@I nzﬁﬁgﬁgﬁélm de ngWithABd t hrough a

% 1°(vol ure: Sﬁ%ﬁﬁynﬁkﬁz@%@ﬂﬁv ERECR R SRt SRR ol Acerare
sol ution was coneidyridife (4.8 (0249 Mno@)‘lwgs Qldédss Q%%haqa ReQYUEbn With
considerable gas evolution. The solution was allowed to stir at 0°C 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 separatory funnel and the layers were separated. The
organic layer was washed with 2N 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),
15  and saturated sodium chloride (2 x 25 ml), and dried over sodium sulfate
(15 g). The methylene chloride solution was filtered through silica (15 g)
and the silica was washed with 200 ml 3:1 (volume:volume) hexane/ethyl
acetate. The filtrate was concentrated to an oil, evaporated under reduced
pressure from toluene (2 x 25 m!) and dried under vacuum overnight to give

20  8.12 of the desired product.

©)
NS, ,CO;CHz"@

4——-N-——|Si(CH3)2
0
C{(CH3)3

A solution of the product from part (b) (10.55 g, 26.6 mmol) in 4-
methyl-2-pentanone (40 ml) was stirred under an argon atmosphere.
25 Sodium iodide (20 g, 133 mmol) was added and the mixture was heated at

approximately 110°C, protected from light, for 7 hours. The mixture was
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10 an oil. d) 15 [err] (5 g, 20.5 mmol ) and _
tetrahydrofuran (27 m, anhydrous) were charged to a dry fl gg )

ni trogen. W€9¥6{2!ﬁion was stirred and cooled to O[err]C. si’?f{}}%g%%ﬂ de
(262 g, 65.5 mmol, 3.2 equivalents of a 60%dispersion in mneral oil) was
charged to the flask slowy (exothern). The suspension 20 was stirred at
O[err] C. N-(Basbled e sifrbidinttshiperhtwes dilutsewlith Rexthine33206 milyaind filtéredd. ) Was
added portionwi se maintaining a tenperature of approximtely 0C. The

cool i ng was rthmough aanl!lthfé?e%ée@ti Qelite® WQS\msgedmé.ﬂnhemnm@n 50

t enper at ur e. e éﬁour, an addi

N- ( b;apzyl oxycé\’];l.t o’h}% AL WETR mlagngaggvagﬂggg}dyﬁgﬁu%ﬂéewiﬁﬂet(ﬁe 1@%_ e
Al orked uBRThER stti, bR SRIRES il SlheSWliles WIS HatREBRHAL) | 1o

5  with ethyl acetate (100 ml). The organic solutions were combined and o

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) hexane/ethyl acetate (500 ml). The hexane/ethyl

acetate solution was concentrated to give 11.84 g of the desired product as
10 anoil

d)

The compound of the formula

NH
EN)L N- gcl)— o— CHz—@

(5 g, 20.5 mmol) and tetrahydrofuran (27 ml, anhydrous) were charged to a

15

dry flask under nitrogen. The solution was stirred and cooled to 0°C.
Sodium hydride (2.62 g, 65.5 mmol, 3.2 equivalents of a 60% dispersion in
mineral oil) was charged to the flask slowly (exotherm). The suspension

20 was stirred at 0°C. N-(Benzyloxycarbonyloxy)succinimde (8.2 g, 32.8
mmol, 1.6 eq.) was added portionwise maintaining a temperature of
approximately 0°C. The cooling was removed and the reaction was
allowed to warm to room temperature. After 1 hour, an additional amount
of N-(benzyloxycarbonyloxy)succinimide (1g, 0.2 eq) was added and the

25 reaction was stirred at room temperature overnight. The reaction was
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addi ti on of 13% aqueous anmoni um chl oride. The | ayers were separated, and
t he aqueous | ayer was back extracted with ethyl acetate (3 x e
conbi ned orgé‘ﬁ}/??’@a%t i on was washed sequentially with 13% aéﬁ%{)ﬁ%}/ys{p
amoni um chloride (5 m), water (15 m) and saturated sodiumchloride (2 x
15 m). The organic solution was dried over sodiumsulfate, filtered and
concentrated. Therbgs By QBlink 46 SppidxiNaselsBROIeM fndnbd Shiwiyibythe 2M

sol ution of amoni a ?% n}iet hangl (gg r’rﬁ 1%? rm%l 45 eq) an?wawb%’&ed to stir

at anbi ent tenpddiion of D3% mgugbns amhhsoriaacthloridevaThedayerd warelygpathted,
concentration under reduced pressure, followed by coevaporation wth
hexanes (2 x 25nd the agusonslayer sras hask extractedawithiethyl acstiaten(Siefdmlbne

chloride (50 m,), and washed wi.th water (50 nj). The agueous, | r was back
extracted with sprrRined opgams a@%niﬁ%wefw weaFlgﬂm t@ﬁ%ﬁﬂ‘?%re

A

(25 m), drred over so concen to a solid.
The solid was Qﬂksit?‘idlj.lz?ﬂecféx')’gﬁﬁl@é&ft‘ﬂioﬁ%ﬁ‘és@ir?ecf relis¥@ivtn SalfHtDHlidEd desi r ed

product as white crystals. [err

and concentrated. The resulting crude oil was charged to a flask with a 2M
solution of ammonia in methanol (51 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 by coevaporation with
hexanes (2 x 25 ml). The resultant material was dissolved in methylene
chloride {50 ml) and washed with water (50 ml). The aqueous layer was
back extracted with methylene chloride (2 x 50 ml). The organic extracts
were combined and washed with water (25 ml) and saturated sodium

15  chloride (25 ml), dried over sodium sulfate, filtered and concentrated to a
solid. The solid was crystallized from ethyl acetate to give 4.65 g of the

desired product as white crystals.

e)

0
f
@— CH;—0-C—N
HzN/K N N COZCHz_—-@
! ‘
c-O— CHZ_@ 4-—-—N——?i (CH3) 3

1]
0 © C(CHj3)3

20 The product from part (d) (6.01 g, 18.37 mmol) was dissolved in 1-
methyl-2-pyrrolidinone (anhydrous, 10 mil} and warmed to 35 - 40°C under
an argon atmosphere. Potassium carbonate (finely ground and dried, 12.7
g, 92 mmol) was added and the mixture was allowed to stir for 25 minutes.
A solution of the product from part (¢) (9.5 g, 18.37 mmol)in 1-methyl-2-

25 pyrrolidone (10 m]l) was added and the reaction mixture was allowed to
stir for 8 hours at 35 - 40°C. The reacti;)n mixture was cooled to ambient
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20 The product frompart (d) (6.01 g, 18.37 nmmol) was dissolved in
1- nmethyl-2-pyrrolidinone (anhydrous, 10 m) and warnmed to 35 - 40' C under
an argon O8%¥$RE¥ e. Pot assi um carbonate (finely ground an§CESY13sty "7 g,
92 mol) was added and the mixture was allowed to stir for 25 minutés. A
solution of the product frompart (c) (9.5 g, 18.37 mmol )in 1-nethyl-2- 25
pyrrolidone ; ; i ' .allowed to stir
for 8 hours t%%xﬁ:\,g?h &ufgg e?r C. 1@%h?£§%c{tlﬁgeﬁ€1$ Q’? m@%@%@%@g at o anbi ent
259 - t ergepapdtory fusdll R witture whigl wasinidaiith(IMGothasiafcbisulfhty ed into
a separatory funnel. The m xture was washed with i M potassium bisulfate (84
nm) and t he (B4yeD andethe 18¥ersrwenedeparated q hwaguenypeslayerswasbaclkext r act ed

Seauent | 21 | PRTASA e oHtsh agpinte (DTUG IFih Prascus st RHoDS (e gomblgRd.
concent r 5t o pAEA Seeloh Ll e ate I TRty e BRRLHTCRIS LS, (o T o 7

and saturated sodium chloride (50 ml), dried over sodium sulfate, filtered

and concentrated to an oil. The oil was dissolved in 50 ml. 1:1 (volume:
volume) hexane/ethyl acetate and filtered through silica. The filtrate was
concentrated to give 12.88 g of the desired product as a crude oil that was

10 used without further purification.

i
O—ero-by
HzN)\ N N—— COZCHE
|
L ocn®) ||
i 2 o/ NH

0 o)

The crude oil product from step (e) was dissolved in acetonitrile (50

ml) and water (5 ml). Ammonium fluoride (3.4 g, 92 mmol) and glacial

15  acetic acid (5.25 m], 92 mmol) were added and the mixture was stirred for
30 minutes. The reaction was diluted with ethyl acetate (150 ml),
transferred to a separatory funnel and washed with saturated sodium
bicarbonate (30 ml). The layers were separated and the aqueous layer was
back extracted with ethyl acetate. The organic solutions were combined,

20 washed with saturated sodium chloride, dried over sodium sulfate, filtered
and concentrated to an oil. The oil was dissolved in ethyl acetate (30 ml)
and warmed to 60°C. Hexane (25 m)) was added and the mixture was
allowed to cool slowlj' with stirring and seeding. As crystallization
occurred, hexane (75 ml) was added portionwise. The resultant solid was

25 filtered, washed with hexane, and dried to give 8.91 g of the desired
product.
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vol une) hexane/ et hyl

acetate and filtered through silica. The filtrate was

concentrated to %I ve 12.88 g of the desired product as a cr éggllgﬁqt.was
m

10 used wi tWMOEp/
step (e) was dissolved in acetonitrile (50 mM) and water (5 m).
fluoride (3.4 g, 92 mol) and glacial 15 acetic acid (5.25 m, 92 mol)
the m xture was stirred for 30 m nutes. The reaction was

wer e added an

T2t her purification..[err] The crude oil pro

diluted with ethyl acetate (150 ml), transferred to a separatory funnel
washed with saturated sodi um bi caﬁ bo (80 m ). The |l ayers were separated

and the aqueous |ayer was backiexi-Rct edy-wethnst-hylcmggt at e.

The organic

AnTroni um

and

sol utions were conbined, 20 washed With saturated sodi um chloride, dried
over sodiumsulfate, filtered and concentrated to an oil. The oil was
di ssol ved in ethyl Adelitereir{egiofiadk) equippedawithch trecBgnical stimenend 28gon ) was

added and the

m xture was allowed to cool sl ow th stirrin adseedlng
As crystalli za’fq ﬁhwééé‘t\gla? ge abgnzy Pﬁﬁ'a}m%@y mqlbmgqg

resul t ant
8.91 g of t

10

15

20

25

batfRy? Sg}tg,;,{fggr_ro%% sclfBR bt Psogfgnaa@s (2%95 954 Sl oV

added in rapid dropwise fashion over 15 minutes. The product
precipitated to form a thick slurry. The slurry was stirred over an hour to
reach 25°C. Heptane (570 ml) was added to the slurry over 30 minutes.
The flask was stoppered and placed in a cold room (5°C) for 4 hours. The
product was collected by filtration. rinsed with heptane (1 x 200 ml) and

air dried to give 61.0 g of the piperazine of the formula

O
/ \ ]
CH;—N N— C~—NH—C (CH3) 3
_/

A 500 ml flask equipped with a magnertic stir bar and a sparging

as a white solid.

tube was charged with methanol (200 ml). The flask was cooled to 1°C
and with stirring acetyl chloride (5.7 ml, 79.9 mmol) was added over 10
minutes. The solution was allowed to reach room temperature and the
above ﬁiperazine (20.0 g, 72.6 mmol) was added. Palladium hydroxide on
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
filtrate was concentrated until solid started to crystallize (175 ml
methanol collected). Isopropyl aleohol (200 ml) was added slowly with

manual stirring. The mixture was concentrated to a solid/liquid mixture
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- 260 - [err] A2 liter dried flask equi pped with a nechanical stirrer
and argon inlet was charged with 1-benzyl pi perazine (40 m, 230 mmqllri .and
toluene 5 WO2%6724%). W th vigorous stirring t-butyl isocyarfﬁTéU‘?ﬁ’?:’_‘ , 236
mmol ) was added in rapid dropw se fashion over 15 m nutes. The product

precipitated to forma thick slurry. The slurry was stirred over an hour to

h 250C. . 0 ) dded h I 3 ' . Th
{1 ack was st DR St i P MATENGPed ket A SHPHORE 10
duct I i+dit i M hel! ] d
B ari ed 1o ahneqeg B Sidddh, sithel iR by PRI At e 20

500 m fl askapodriedeslyisld b4 gefrbethyeireéhioridasatuf the $pangiang t ube was
charged with nmethanol (200 nml). The flask was cooled to 1[err]C and with
stirring acetyl chloride (5.7 m. 79.9 nmol) was added over 10

0

HC1 N lcl'.' NH—C (CH3)
. —— Y — 3)3
5 1N—/

as a light yellow solid.

A 100 ml, three-necked flask with a magnetic stir bar and a
sparging tube was charged with this hydrochloride salt (5.0 g, 22.6 mmol)
and anhydrous methylene chloride (50 ml). 1,8-Diazabicyclo[5.4.0]undec-7-

10 ene (6.7 ml, 45.1 mmol) and pyridine (1.8 ml. 22.6 mmol) were added to
the mixture. The mixture became homogeneous. The mixture was sparged
with dry carbon dioxide gas at room temperature for 1 hour.

A dry 500 ml flask with a magnertic stir bar was charged with
thionyl chloride (4.9 ml, 67.7 mmol) and anhydrous methylene chloride (25

15 ml). The solution was cooled to -10°C and dimethylformamide (0.17 ml,
2.26 mmol) was added. The above carbon dioxide sparged mixture was
added via cannula under carbon dioxide pressure over 35 minutes. The
flask was rinsed with methylene chloride (5 ml) and the rinse was added
to the reaction. The reaction was stirred at -10°C for 30 minutes. The

20 reaction mixture was poured into 0.5 M HCI (75 ml) and shaken
vigorously. The organic layer was collected, dried over magnesium sulfate,
filtered and concentrated in vacuo to give 4.95 g of the desired product as a

light yellow solid.
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m nutes. The solution was allowed to reach roomtenperature and the above
pi perazi ne (20.0 72.6 mmol) was added. Pall adi um hydr oxi dg .
carbon (8.0 &',0%9 ure content |less than or equal to 50% ng?gﬁ%e)gsgnd
the m xture was then sparged with argon for 10 m nutes. The reaction
m xture was then sparged wth hydrogen. After 3.5 hours, HPLC indicated the
starting nmaterigl was consuned conpletely. The mixture was filtered through
Celite[err] and the Celite rinsed with nmethanol (60 m ). The 25 filtrate
was concentrated_uyntil sol iﬂj started to crystallize (175 m nethanol
col | ected). Iso@n.)d (200 M) was added slowy wR manual
stirring. The mY¥ure was cog!‘QnW,sol | deblEli-d @ ure - 261 -
(153 g weight). The ni xturieNwas ¥t o 0 st or how~¢. The product
was collected by filtration, washed wt ofropy!l al eeqol f,)(l x 30 m) and
air dried to yield 14.0 g of theﬁ y&ﬁéc rige—sql t10f theckenmbachgnrr].

0 0 cl‘; ]R_./ H

0]
The product from step (f) (11.84 g, 20.7 mmol) was dissolved in
anhydrous methylene chloride (100 ml) under argon with stirring. The
5 carbamoyl chloride product from step (g) (7.47 g, 26.9 mmol, 1.3 eq.),
triethylamine (4.6 ml, 33.1 mmol, 1.6 eq.), and 4-dimethylaminopyridine
(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
HCl1 (110 ml), the layers were separated, and the organic layer was washed
10 with a second portion of 0.5 N HC1. 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 sclution was filtered and concentrated to give
15 17.0 g of the desired product as a crude white solid.
1)
NH

H;;N’lk NN _rcc’?H

H

7N _N N E—N—C (CHz)
O/ % Ve H 3)3
o]
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
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as a light yellow solid. A 100 m, three-necked flask with a magnetic stir
bar and a sparging tube was charged with this hydrochloride_salt (5.0 g,
22.6 nmmol) ARy dr ous met hyl ene chloride (50 m). PCT/US? ’13_8_1_1_ .
1. 8-Di azabi cvcl o[ 5. 4. 0Jundec-7- 10 ene (6.7 m . 45.1 nmmol) and pyridine
(1.8 M. 22.6 mmol ) were added to the m xture. The m xture becane

honogeneous. Hydrogex bréturé baiRoniietwe 4duids R slfgaai pftfen at room
tenperature for 19%0&. A df&;/ 5oogm flasli wx?lrcfﬂé‘i‘ g%bgn |c£§t|r ar was
charged wi t h catbomyatadystdiliTieegeh)wvere, adied tonho rpactivsh, aldnihvithsa faiday! ene

chloride (25 15 ml). The solution was cooled to -10[err]C and o
di met hyl f or ned¥ithe sparging proceduye, Therpaciion waeiwdgedmompletesincar bon di oxi de

d m xt ' d. rbon di oxi de pressure over 35
R i i i B U R

ddedgt b3 T, of, m nut es.
The 20 1 Sacty BonIaRs misfttes S BRAEL ORFONER Spadiel hellor Ot T con -

vigorously. Thelite®ywas washyé with stleald] €2 keds My, ePhOvshbifRARLHA sul f at e,
filtered and concentrated in vacuao to give 4.95 g of the desired product

as a |ight ydiltrateswiere concentrated to approximately 50 g and allowed to stir for 4

days. Crystals formed in the flask. The crystals were filtered, washed
with absolute ethanol (25 ml) and dried to give 7.74 g of the desired

10 product as white crystalline material. This material was further purified
by warming in 95% ethanol to approximately 40°C for 30 minutes,

followed by cooling, filtration and drying.

Example 194

15
The product of Examples 21, 32 and 193 was also prepared as a
zwitterion or inner salt as follows:
a)
I
CO,H«NH,C (CH; ) 3
(H3C)3—-C—0O— Cl; N/\/”'e._r
~—NH
20 o”

A dry, 3-necked, 12-L flask (flask A) was charged with 769.4 g of
(4S5)-N-(t-butyldimethylsilyl)azetidinone carboxylic acid followed by 6L of
dry tefrahydrofuran. 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
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- 262 - [err] The product fromstep (f) (11.84 g, 20.7 mmol) was

di ssol ved i n anhydrous nethyl ene chloride (100 ml) under argon )
stirring. Thewgg\é’éyrlﬁanoyl chl oride product fromstep (Qg) (7,5&@%%?"9
mol, 1.3 eq.), triethylamne (4.6 m, 33.1 nmol, 1.6 eq.), and

4-di net hyl am nopyridine (0.76 g, 6.2 nmol. 0.3 eq) were added, and the

reaction was aldfdithiuinadisdoproRilaidy. €The Eﬁ@ﬁh@f@ftﬁhﬁxqﬂ&b?fﬂgylﬁfdé eaction
was poured into 0.5 NHO (110 m), the layers were separated, and the

organi c | ayer was eealedtio 130 toni35RCa Vekile nchintaihimpntinf te@nyferbitie at Iéde aci di ¢

aqueous | ayers re k.extracted wth nmethylene chloride (50 m) and
conbi ned with tq\ﬁnﬁ‘gsﬁﬁoﬂ’éﬁpﬁelﬁéﬁﬂé‘ﬁkAmél‘ec%ddﬁdﬁ@dhﬁkg@nﬂ' e|mipéuee wer e

i e, bi 0.m) and ted sodi
chioride.  and dPPEHREETAL a8 PR PR olqmufitee ittt Sitied B (e Edoana
concentrat egs t Q49¢@e The cohterits 9f Ahsk BoveeSheithdiePUctioRwid el 98 thhist

solid.
minutes while maintaining the internal temperature of flask C at less

than about -20°C. The resulting mixture was stirred for 2 to 3 hours
between -20°C and -23°C. The reaction was quenched by the addition of
6L of cold water while maintaining the internal batch temperature at

10 -20°C to +5°C. After stirring for an additional 15 to 30 minutes to ensure
removal of the silyl protecting group, the pH was adjusted to 8.0 by the
addition of cold 6N HCI1(1.69 L). The reaction mixture was transferred to a
phase splitter and the top organic layer was discarded. The aqueous layer
was washed twice with 4L portions of hexane. The aqueous phase was

15 cooled to about 0°C and treated with 6N HCI (about 400 ml) until the pH
was 3.0. The batch temperature was maintained at less than 5° during
this operation. The cloudy aqueous phase was extracted three times with
4L portions of ethyl acetate. The combined organic extracts were washed
with brine (3 x 3L) and concentrated to an oil. The oil was redissolved in

20 8L of fresh ethyl acetate, transferred to a 22-L flask. and cooled under
nitrogen. While maintaining the batch temperature at less than 8°C, tert-

* butylamine was added and the resulting mixture was stirred overnight at

room temperature. The mixture was concentrated to a yellow slurry,
treated with 6L of methyl tert-butyl ether and stirred for 3 hours at room

25 temperature. The mixture was filtered and the filter cake was washed
with methyl tert-butyl ether (1.5 L) and dried to a constant weight of 805.9
g of the desired product.
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1) [err] The crude product frompart (h) (17.0 g) was dissolved in absolute
ethanol (360 m) with stirring. The solution was sparged wth argon and 20
10% pal | aW@A¥1xar bon catal yst (1.7 g, 50% by wei ght wat 8FT%§13&Hded in
one portion followed by additional argon sparging. The sol ution was sparged
wi th hydrogen for 2 mnutes, and then placed under atnospheric - 263 -

hydr ogen pre@sure (ball oon). Two additional charges of pall adi umon carbon
catalyst (1.7 g each) were added to the reaction, along with a repeat of

t he spargi ng procedure. TheTeaction was j udged conplete in approxinmately 4
hours (HPLC agmafysis). The l'eaction was sparged wwth 5 argon for 5 m nutes
and fil teredIﬁIHa—p@t‘k d of Celite[err]. The Celite[err] was
washed with eMeanhol (2 x 125 ml). The conbi ned et hanol filtrates were
concentr at ed ppr oxi mat ﬁl y g_anq ak,) O\Ae(rCP@Hstﬁzﬁ (FHs) %

CH;—0—C— N
2 lgl H

»/—NH
o7

Trifluroacetic 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 -5°C to +5°C under nitrogen.
The resulting light yellow clear solution was stirred at 0°C until less than
1% of the mono tert-butoxycarbonyl intermediate was detected by HPLC
(about 4 to 7 hours). The methylene chloride and trifluoroacetic acid were
removed in vacuo at room temperature. Toluene (30 ml) was added to the
10 residue and then removed in vavuo. 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 0°C. The pH was adjusted to 8.5 to
9.0 by the dropwise addition of triethylamine between -5°C to 5°C (18 ml
of triethylamine was used in this procedure). N,N'-Bis(benzyloxycarbonyl)-
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
product/pyrazole was greater than 25:1 as determined by HPLC. The
solvent was removed in vacuo at room temperature to afford
approximately 42 g of yellow oil. This oil was diluted with ethyl acetate
(70 ml) and water (70 ml), and cooled to 0°C. The pH of the solution was
25 adjusted to 3.0 with 2M potassium bisulfate and treated with sodium
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days. Crystals formed in the flask. The crystals were filtered, washed with
absol ute ethanol (25 m ) and dried to give 7.74 g of the desippgfisddhssiy -
product as wWHI /6 %? stalline material. This materjal was fur?E% purified
by warm ng in 95% ethanol to approximately 40[err]C for 30 m nutes.

foll owed by cooling, filtration and drying. Exanple 194 15 The product of

Ex | 21. 3 ] | t
ol lowe: a) [ cohp Roaip BruRipl PEgPeape Mived o dop Rl fd i ucdBh 2
769.4 g of (4S)aydrwadusitydciedwithydthyl dédtate( Le0aily The kembindd évhyll

foll owed by 6L of dri/atetrahydrofuran A separate 3-necked, 5-L flask
(flask B) was abetabelhyess ware washaywithysastiratied sodiiun phlsetidet soivtion £X3npl e

192 step (b) f 2L of .dry trah r.of u a Under a nitrogen
at mospher e, Qfmiﬁn%%? YeRfpdivm %% The spivens wag emaaewteﬁ ask

G foll OWEdS b ytg ngf% a{‘yello%‘;3 é‘il (14.4¢) wh1ch was red1ssolved in ethyl acetate (40 ml).
The resulting clear yellow solution was warmed to 36 - 40°C and treated
dropwise with tert-butylamine (3.3 ml). After crystallization of the salts,
the slurry was cooled to room temperature, stirred for 12 hours, then
cooled to 4°C, and stirred for an additional 12 hours. The product was

10 filtered, washed with cold ethyl acetate/hexane (2 x 5 ml) and cold hexane

(2 x 5 ml), and dried in vacuo to give 8 g of the desired product.

O\\

15 A dry, argon atmosphere 50 ml flask was charged with the product
from part (b) (5.0 g). N,N’-Dimethylpropyleneurea (15 ml) was added, and
the mixture was stirred for 5 minutes. The system was not homogeneous
at this time. A 22°C water bath was applied to the flask, and benzyl
bromide (2.1 m}, 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 27.5°C during the addition, held there
for approximately 1 minute after the addition was complete, and then
began to fall). When the temperature dropped to 25°C, the water bath
was removed and the reaction was stirred overnight (16 hours).

25 Completion of the reactior was confirmed by HPLC analysis. The reaction
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of lithiumdiisopropylamde. The solution of |ithiumdiisopropylam de was
cooled to -30 to -350C. While maintaining the tenperature %?ETM'\S?@

-20[ err] CWOR¥6BRdht ents of flask A were added to flask C. ure vva
stirred at -20 to -25[err]C for 30 to 60 mnutes and cooled to -35[éerr]Cto
5 -401C. The contents of flask B were then added portionw se over 25 to 45

m nut es V\/nil ss t han
about -20[err]ag%'t"%gd?}eds}gﬁ%gab%a%gydn}vgé@g???lrﬁélgy%#@ﬁ%ﬁ%ﬁ&u# “bet ween
- 20[ err] C anthigstl@tioh WasWagsliedoglired i GSwihens Ragicucid l@fx%tﬂmnlm 18f 6L of
cold water while maintaining the internal batch tenperature at 10

-20[err]C tomlB{mdtt]lemaAhe with saturated sodivm chdolride ¢hal1508l)x TWO ni nut es
to ensure rem)v:i\ of the silyl protect| ng group, .the pH was adjusted to 8.0
by the addit FeswlEpgé talwmi(lf deyer magnesiym sidfage fHistedrandyas

transferred to a S I tter .an yer. vas dlsca ded.
The aque ngpgﬁgfﬁgﬂ% l'tovﬁ'lg%gﬁlatq%oél@gﬁgﬁs?‘iegr?sro %%%(%8 A queous
phase was 15 cooled to about OC and treated with 6N HClI (about 400 m)
until the pH

d)
@erort
CHy— 00— C—N “
. fee©
(O)—cro—ty’ Sy

7N
O/ N

Van |
ﬁ—l\‘ N—CN— C(CH3)3
(e}

A dry, argon atmopsphere 50 ml flask was charged with the product
10 from part (c) (2.5 g), ethyl acetate (35 ml), triethylamine (0.98 ml, 1.6
equivalents), and 4-dimethylaminopyridine (0.16 g, 0.3 equivalents). The
reaction was stirred overnight (approximately 20 hours). HPLC analysis
confirmed that the reaction was 99.4% complete. The reaction was filtered
through a fine glass frit and the solids were washed twice with ethyl
15 acetate. The filtrate was washed with 5% citric acid (2 x 15 ml) and once
with saturated sodium chloride (15 ml). The organic phase was dried over
magnesium sulfate, filtered and concentrated in vacuo to afford 3.46 g of

the desired product as a tan foam.
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was 3.0. The batch tenperature was maintained at |ess than 5[err] during

this operation. The cloudy aqueous phase was extracted threephi %,{gsﬁh 4L
portions of E(Pr?ﬂ "28etate. The conbi ned organi c extracts Were vvas W th
brine (3 x 3L) and concentrated to an oil. The oil was redissolved in 20

8L of fresh ethyl acetate, transferred to a 22-L flask. and cool ed under
nitrogen. Wiilg maintaining the batch tenperature at |ess than 8[err]C,
tert- butylam ne was added and the resulting m xture was stirred overni ght
at room tenperat urepyglhe m xture waslconcentrat ed to a yellow slurry,

treated with 6L of thyl tert-butyl cetht@and stirred for 3 hours at room
25 tenperatur Th¢y m x '

ture s filppered and the filter cake was washed
with nethyl ten¥ygh NM and dried to a constant wei ght of

805.9 g of the deSiredHproduct. }- 2B5 - [err] Trifluroacetic acid (31.1
m, 403.9 mol, 18 equival ents) add
o

N—C’-—N—-— C(CH3)3
'cl) H

A 12 L three necked round bottom flask was charged with 10%
palladium on carbon catalyst (50.34 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 approximately 20 to 30 minutes,
then continuously sparged with hydrogen gas at 15° to 25°C until HPLC
analysis confirmed completion of the reaction. The reaction mixture was
sparged with nitrogen for approximately 20 - 30 minutes, filtered. and the

10 filter was washed 2L ethanol/water (95/5). The ethanol/water was
partially concentrated in vacuo at room temperature to a solution of 8 to
10 ml per gram of product. Concentration gave a cloudy to white solution.

The above solution was allowed to cryvstallize overnight at room

temperature with agitation (120 - 200 revolutions per minute). The

15  product was filtered and the filter cake was washed three times with 300
ml of cold ethanol/water (95/5, 0° to 5°C). The filter cake was dried in
vacuo for 10 to 20 minutes. The resulting solid was dried to constant
weight in a vacuum oven at room temperature to give 155 g of the desired
final product as a white solid.

20
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dropwi se to a suspension of the product frompart (a) (10.0 g, 22.44 mmol)
5 in nethylene chloride (40 m) at between -.5[err]Cto +5F§£®L§ﬂ%8qer
ni t r ogen. ¥R ting Iight yellow clear solution was sti Herr]c
until less than 1% of the nono tert-butoxycarbonvl internedi ate was
detected by HPLC (about 4 to 7 hours). The nethyl ene chloride and
trifluoroacetic acid were renoved i [Esx@iple 395" o0m t enperature. Tol uene (30
m) was added to the 10 residue an en renoved i n uavuo. The residue was
treated with isopr Wcjal cohol (10 m) followed by toluene (20 nl) and the
resulting solutionjwas concentrated i ncogguo to an oil. This step was

repeat ed one gl Wc’éhol 0 mM) was added to the above oil
(about 23 g) afid 15 e resul ting l

ution was coojjed to 0C. The pH was
adjusted to 8.5 to 9.d by the drog e addi t1 on\of {lri et hyl am ne between

-5C to 5C (18 m of trG8shyl am ng& was Wﬁmx@dﬂz&)—_cmcm)z .

N, N- Bi s(benzyl oxycar bonyl ) - 1-guanyl pyr §zol e .07 g, 21.32 mmol, 0.95

equi val ents) was added in one portion ar@ the cooling bat hCH#&SHsenoved. The
m xture was stirred under 20 nitrogen at roomtenperature for

approximately 30 hours until the ratio of product/pyrazole was greater than
25:1 as deterdp' ned by HPLC. The

COsH

/,'
(H3C) 3-—c—o—§~}-1\1/\/ i
2

o—NH
5 &

A. 2.5 M hexane solution of n-butyl lithium (3.75 ml, 14.39 mmol)

was added dropwise to a stirred solution of diisopropvlamine (2.02 ml,
14.39 mmol) in tetrahydrofuran (18ml) at 0°C. After 30 minutes of
stirring the solution was cooled to -30°C and a solution of (4S)-N-(t-

10  butyldimethylsilyl)azetidinone carboxylic acid (1.50 g, 6.54 mmol) in
tetrahydrofuran (8.0 ml) was added dropwise. The reaction mixture was
stirred between -20°C and -25°C for 30 minutes. A solution of the iodo
product from Example 192 step (b) (3.02 g, 7.85 mmol) in tetrahydrofuran
(4.0 ml) was then added over 10 minutes. After 2 hours, the reaction

15 mixture was warmed to 0°C and quenched by the addition of ice cold water
(35 ml). The pH was adjusted to 12.5 using 10% potassium bisulfate.
After 30 minutes stirring, the solution was washed with hexanes, cooled to
0°C, and acidified to pH of 3.0 using 5N HCl. The aqueous solution was
saturated with sodium chloride and extracted with ethyl acetate (twice).

20 The organic extracts were combined, washed with brine, dried over

magnesium sulfate, and concentrated to give 1.10 g of the desired product.
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sol vent was renoved in vacuo at roomtenperature to afford approximately 42
g of yellowoil. This oil was diluted with ethyl acetate (70 : ter
(70 m), andW¥¥d%X 0 O[err]C. The pH of the solution was 2 %Ud?gg%s\é\g to
3.0 with 2M potassium bisulfate and treated with sodium- 266 - chl ori de
until saturated. The organic |ayer was separated and the aqueous |ayer was
extracted withigthyl acetate (2 x 60 m). The conbined ethyl acetate |ayers
were washed with saturated sodiumchloride solution (2 x 60 m), dried over
. sodiumsulfate and filtered. The solvent was evapordged 5 to give a yellow
oil (14.4 g) which was redissol vqfd In ethyl acetate resul ting
’t

cl ear yell ow sol utidn was war ned MW’]C 6pwi se with
tert-butyl am ne (3.{(1113&:)3-.6{:{-@ al | I onj the salts, the slurry
was cool ed to roomtlenperature, stixred for 12 houis, then cooled to
4[err]C, and stirred for an additional 12 hourgrm—ThNH product was 10

filtered, washed with cold ethyl acetate/ hexaﬁ’e. (2 x 5nmM) and cold hexar;e
Sodium bicarbonate (0.62 g, 7.40 mmol) was added to a stirred

solution of the product from step (a) (1.10 g, 2.96 mmol) in

5 dimethylformamide (10 ml). Bengzyl bromide (1.76 ml, 14.78 mmol) was
then added. After 48 hours the reaction mixture was partitioned between
ethyl acetate and water. The organic phase was isolated. washed with
brine, dried over magnesium sulfate, and concentrated. The crude product

was purified by silica gel chromatography to give 1.26 g of the desired

10 product.
c)
I
ﬁ / c—o—cm—@
s,
(H3c>3—c—0-c-}‘N/\/ ' . 0
2 N. N N—i(l}—-o—-—cw——f‘H(CHs)z
& \__/ ,* -
CH(CHs)2
0]

The benzyl ester product from step (b) (227 mg, 0.491 mmol) and 1-
diisopropylmethoxycarbonylpiperazine-4-carbonylchloride (178 mg, 0.614
15 mmol) were dissolved in methylene chloride (2.0 ml). Triethylamine (103
ul, 0.737 mmo}) 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.
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(2 x5mnm), and dried in vacuo to give 8 g of the desired product. [err] 15
A dry, argon atnosphere 50 ml flask was charged with the pr%gﬂfsh%ﬁ%?{‘n.part
(b) (5.0 JYOIMSI2IH net hyl propyl eneurea (15 nl) was added. &l 1 Xture
was stirred for 5 mnutes. The system was not honbgeneous at this tine. A
220C wat er bath was applied to the flask, and benzyl bromde (2.1 m, 1.96
equi val ents)d)vvas added rapidly (no exothermwas 20 observed).
tert-Butylanmne (0.90 m, 0.95 equival ents) was added dropw se (the
tenperature rose to 27.5[err]C during ¢he addition, held there for
approximately 1 mnute after the addi t‘Ton was cpaRl ete, and then began to
fall). When the tenperature dropped toc2@[(§{2e wat er bath was renoved
and the reacti on was stm%(jfofeffani (16 hour's 25 Conpl eti on of the
reaction wasie@mtEsCtEeN by HPLC an

diluted with ethyl acetate (30 ni

is. Th actig®on - 267 - was

tern!but gl ebhoen (@71 ) -
\_/ T ’
0 CH(CH3) 2

Trifluoroacetic acid was added dropwise to a stirred solution of the
product from part (c) (300 mg, 0.418 mmol) in methylene chloride (1.8 ml)
5 at 0°C. The reaction mxiture was then stirred at room temperature. After
one hour, the reaction mixture was concentrated and dried in vacuo. The
crude product was dissolved in chloroform and concentrated. The
procedure was repeated 3 times. The crude product was then dried in

vacuo to give 297 mg of the desired product.
10 e)

| 7
e N N N~ C——O—~CH—CH (CHs; )
C,Hs Oé \n/ \ ; l 3)2

o CH(CH3z) 2

Acetaldehyde (15.0 mg, 0.330 mmol) was added to a stirred solution
of the product from part (d) (198 mg, 0.314 mmol) in methylene chloride
(1.50 ml). Acetic acid (36 pl, 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
sodiuxﬁ chloride, dried over magnesium sulfate, and concentrated to give

20 175 mg of the desired prbduct.
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This solution was washed three tinmes with 5%citric acid (1 x 30 M, 2 x 15
m) and then washed with saturated sodiumchloride (1 x 15 n}&T g 3811 -
resul ting soV@9§R%as dried over magnesiumsulfate, filtered an
concentrated in vacuo to give 5.85 g of the desired product as an orange
oil. d) [err] Adry, argon atnopsphere 50 ml flask was charged with the
product 10 frgn1part (c) (2.5 g), ethyl acetate (35 nml), triethylam ne
(0.98 m, 1.6 equivalents), and 4-di net hyl am nopyridine (0.16 g, 0.3
equi val ents). The reactlon s stirred overnight (approximtely 20 hours).
HPLC anal ysi s the reaction wag 99.4% conpl ete. The reaction
was filtered t h a flne g ss frit and tfe soli re washed tw ce

with ethyl 15 etate The fliltrate He@Hw %citric acid (2 x
15 m) and onccﬁat@.t: Mv&fe (1
pd Bn

The organi ¢ phase
was dried over -"one5|un1sulmat filter d cgnc qtr%

te v, to .
afford 3.46 g of the desired proiﬁict asa t t 0a 68 - S hvanee )

O CH(CH3),

The product from part (e) (174 mg, 0.264 mmol) and N,N'-
dicarbobenzyloxy-S-methyisothiourea (95 mg, 0.264 mmol) were dissolved
5 in dimethylformamide (1.5 ml). Mercuric chloride (72.0 mg, 0.264 mmol)
was added followed by triethylamine (110 ul. 0.792 mmol). After 3 hours,
the reaction was diluted with ethyl acetate and filtered to remove mercury
salts. The filtrate was washed with saturated sodium chloride. dried over
magnesium sulfate, and concentrated. The crude product was purified by

10 silica gel chromatography to afford 45 mg of the desired product.

g
NHHC1
CO,H
HoN N/\/ /,'"—( ~
l /N0
. df-——Ng\W/, \h_J;v—~C——%}——CP—-CH(CH3)2
P\ CH(CH3) 2

(homochiral)
The product from part (f) (45 mg, 0.053 mmol) was dissolved in 1,4-
15 dioxane (0.5 ml). 1N HCl (53 ul, 0.053 mmol) was added followed by 10%
palladium on carbon catalyst (15 mg). A hydrogen atmosphere was
introduced via balloon. After 3 hours of stirring at room temperature the
reaction mixture was diluted with water :1,4-dioxane (1:1) and filtered.

The filtrate was lyophilized to afford 25 mg of the desired product; (M+H)*
20 =497
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[err] A 12 L three necked round bottom flask was charged with 10% pal | adi um
on carbon catal yst (50.34 g, 47.31 mol ), water (362 m), 5 ethanol (6883
m), and tWOIWA_ct frompart (d) (345 g). The mixture V\/asPCQ‘él?ﬁ’g’tlgc]_l and
sparged with nitrogen for approximtely 20 to 30 minutes, then continuously
sparged with hydrogen gas at 15[err] to 25[err]C until HPLC anal ysis
confirnmed conpletion of the reaction. The reaction m xture was sparged with
nitrogen for approximately 20 - 30 mnutes, filtered. and the 10 filter
was washed 2L et hanol /water (95/5).Edaeydbh®gol /water was partially
concentrated in vacuo _at roomtenperature {0 a solution of 8 to 10 ml per

gram of product. &EatPa¥i on gave a cloudy to white solution. The above
solution was alloyed to crystallize overnight at roomtenperature with

.agitation (120 - 0 reyvol uti ns per JR2Hut e). The 15 product was filtered

and the filtgpnCTakeMyesS d’t times with 300 nl of cold .
et hanol /water (95/5,]0[err] to 5{erig]C). Tyre"f\{lte'? cake was dried in vacuo
for 10 to 20 minutesl The resul ol i gNvas Q+e0—+-m-eOTE+aTH (CH3) 2
CHz [®) \ /
0 CH(CH3) >
(homochiral)

Following the procedure of Example 195 but employing
5 benzaldehyde in place of acetaldehyde in step (e) the above compound was

obtained and isolated as the trifluoroacetic acid salt; (M+H)* = 559.

Example 197

COsH

H v d . 0 |
H ]
L O —0)
A ¢
0

10 (homochiral)

(H3C) c——c>—icf N—-@-(CH ) —@
31T N 2)s

To a solution of 6-phenylhexanoic acid (4.0 g, 20.81 mmol) and

a)

15 hydroxybenztriazole (3.50 g, 22.89 mmol) in anhydrous methylene chloride
(100 ml) was added ethyl-3-(dimethylamino)propyl carbodiimide, _
hydrochloride salt (4.39 g, 22.89 mmol) at 0°C. The mixture was stirred
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wei ght in a vacuum oven at roomtenperature to give 155 g of the desired
final product as a white solid. 20 - 269 - 5

[err] A 2.5WPPR¥RR sol ution of n-butyl lithium (5.75 m, EEHESHE |

was

added dropwise to a stirred solution of diisopropylamne (2.02 m. 14.39
mmol) in tetrahydrofuran (18m) at 0C. After 30 minutes of stirring the
sol ution was cdor eolnﬁinuté‘sO[B@Q@Bﬂy@rﬁ%ﬁbi@%ﬁh((é?és %‘édﬁl I:Qfml).and
butyl di met hyl si |yl )azeti di none carboxylic aci'd (1.50 g, 6.54 nmmol) "in

t et r ahydr of ur ardlxsapmnyﬂgthmwdéfs&m?gﬁ.%mgmw’eeaaﬂd@ug aﬁdithtu_rmxﬁaﬁe' e
stirred between -20[ery]C and -25[err or _m nutes. solution o

i odo product f &@ﬁ?é@?{é‘%’@&@?ok‘? edlugign. (Fhepsolytiony wes shawly)warmed to room

t et rahydrof uran . saihen added over 10 minytes. After 2 hours,
reaction 15 me{}‘i’ﬁ?%{%g%%ﬁ #}gtarst%n FLIRH o erniEhe 4L B8 sqlventWas reriaces
cold water 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.

/N0
HI\\_/N—C—(CHz)s
10 D)

The crude product from part (a) was dissolved in methylene chloride

(160 ml). The solution was cooled to 0°C and trifluoroacetic acid (40 mI)
was added dropwise. The ice-bath was removed. The mixture was stirred
at room temperature for one hour. The solvents were removed under

15 vacuum. The residue was diluted with ethyl acetate (200 ml). The
solution was neutralized with saturated sodium bicarbonate (pH of 10).
The aqueous layer was extracted with ethyl acetate (2 x 100 ml). The
combined ethyl acetate solution was washed with brine, dried over

magnesium sulfate and concentrated to give the desired product as a

20. colorless oil.

©)

0
C}:———|(|:—1\] N——](C?}—(Cﬂz ) 5“—@

A solution of phosgene (20% in toluene, 50 mmol, 26.3 ml) was
25  dissolved in methylene chloride (30 ml) and cooled to 0°C. A solution of

the crude product from part (b) and triethylamine in methylene chloride
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(35 mM). The pH was adjusted to 12.5 using 10% potassium bi sul fate. After
30 mnutes stirring, the solution was washed with hexanes, cooled to 0C
and aci di W@#9/611%H of 3.0 using 5N HO . The aqueous sol ut PEAUSEYI8KL ir at ed
with sodium chloride and extracted with ethyl acetate (twice). 20 The
organi c extracts were conbi ned, washed with brine, dried over nagnesium

sul fate, an ' . t he | od . - 270 -

Sodi um bi caggg%@e } 0&%@%&@@4%&%0%%@% _ecc’l‘gi%%osé%_&g{lﬁersé <ol ution of
the product res@IHrd dlution wak stred a2 096 f572!5 hinrsd THE pRIcHitdterwzdr de (10
m ). Benzyl bromde (1.76 m, 14.78 mmol) was then added. ‘After 48 hours

t he reacti orremovedrhy filization. t The filirdtdowhseoncentinted and iiecresithember . The
organi ¢ phase was_isql at.ed. washed with _brine, dried over nesi um

sul fate, andwahedwithsilioa gelchromatesnaphy (hexargsethyl afm@ae,@ isRﬁ ca gel
chromat ogr ay ey O il 5068 o tBL abiled SE0dEY abth wRiReRY: v+ =

323.3; IR (KBr) 1731 cm-1.

d)

ﬁ .
Sy ﬁ,
@—Cﬂz-o—@-ﬁ)}\ NN °'°'°H:\@ﬁ

7N U—C—(Cﬂz)s__@
o) T

To a solution of the benzyl ester product from Example 1(c) (150 mg,
10 0.26 mmol) in methylene chloride (3 ml) was added triethylamine (0.043
ml, 0.31 mmol), the product from part (¢) (102 mg, 0.31 mmol), and 4-

N

dimethylaminopyridine (1.6 mg, 0.015 mmol). The solution was stirred for

3 hours and the solvent was removed. The residue was purified with silica

gel chromatography (hexane:ethyl acetate, 1:1, R¢= 0.22) to afford 210 mg
15 of the desired product as a colorless oil. (M + H)* = 859.5; (M - H)- = 857.5.

e)

“
HzN N/\/ ,'._{
T A Oe—0)
F Y 275

: O
{homochiral)

A mixture of the product from part (d) (100 mg, 0.115 mmol),
20 palladium on carbon catalyst (10%, 30 mg), and 1IN HCI1 (115 pl, 0.115
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[err] The benzyl ester product fromstep (b) (227 nmg, 0.491 mol) and 1-
di i sopropyl net ho r bonyl pi perazi ne- 4-car bonyl chl ori de (178 ?%4 15
nmol ) were g%&%?%g]g in methylene chloride (2.0 m). Triet hyI%ﬁ%’ 613
[err]l, 0.737 mmwol) was added foll owed by dinethyl an nopyridine (6.0 ny,
0.049 mml ). After 48 hours the reaction m xture was concentrated and the

resi due was paﬁﬁh&lb QrakthetdRebefh %@%ﬁé %Hfoasggg%%\@ta;ﬁg?w‘rl%ﬁggﬁg ani ¢ phase

was i sol ated, washed with 5% potassium 0 sodium
chloride, drietemperatargforsisumisuesaltalyich] FIPICE HhdRhe@d thEeateeh dag Was
purified by silica gel chromatography to afford 300 ng of the desired
product. - 271completeds The cpagtEmpmixture wasidilused stithc waterd(6ual), filtered,
dropwi se to a stirred.solytion t he

P and 1yop(1nf1ze&] %o give %f3 mg of the desired product as a white powder.

5 M+H)*=5013;; M- H) =499.2; IR (KBr) 1785 cm-!.

Example 198

HCl'HN=< J—N N—C—(CHz) 5 O
I
o

(diastereomer mixture)

0
C-0-CHy
/1,'.
(CH3 } 3=+—C— == Cm o]
R A ytew—0)
N — 275
© o \ﬂ/l\_/

10 0
A solution of the product from Example 172(f) (80.5 mg, 0.20 mmol),

==

N

triethylamine (0.056 ml, 0.40 mmol), the product of Example 197 (c) (97
mg, 0.30 mmol) and dimethylaminopyridine (6 mg, 0.05 mmol) in
methylene chloride (1 ml) was stirred at room temperature under argon for

15 21 hours. The reaction was concentrated in vacuo and the residue was
taken up in ethyl acetate, 10% potassium bisulfate, and water. The ethy!
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.
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product frompart (c) (300 ng, 0.418 mol) in nmethylene chloride (1.8 m) 5
at O[err]C. The reaction nxiture was then stirred at roomte&gﬁgﬁh%}i_
After one WOU#673Mfe reaction nixture was concentrated and dff r1°Vacuo.
The crude product was dissolved in chlorof ormand concentrated. The~
procedure was repeated 3 tines. The crude product was then dried in. vacuo
to give 297 &Z of the desired product. 10 e) [err] Acetal dehyde (15.0 ny,
0.330 mml) s added to a stirred solution of the product frompart (d)
(198 ng, 0.314 mmol) in methylene chl oride (1.50 m ). Acetic acid (36

[err]l, 0.628 mmvl) wAS added. Aftell 20 m nuyés\of 15 stirring, triacetoxy
sodi um bor ohydri de % 0, 471 groPyChin . After 24 hours the
reaction m x S iRt hyl acet a2tef One drop of acetic acid

was added aan%eﬂ?

nched By tXe afiditi on of wayer \ The
organi ¢ phase was isol at ed, N Wi t at ur, g—sodCHm o @e dried
tryted ive 20 175 ng O he desired

over magnesi um sul fate, and dcdncen
0

product. - 272 -

Treatment of the product from part (a) (120 mg, 0.174 mmol) with
trifluoroacetic acid in methylené chloride according to the procedure
5  described in Example 172 step (h) afforded 174 mg of the crude desired

product.

c)

Treatment of the crude product from part (b) with N,N’-
10  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.

NH O/ Y 275
2
0

{diastereomer mixture)

15 d)
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[err] CH (CH3) 2 The product frompart (e) (174 nmg, 0.264 mml) and N, N

di car bobenzy thyi sothiourea (95 ng, 0.264 mol) werepgigReYs8d 5 1 N
di mthylforn@?ﬁﬁé@%%‘% m). Mercuric chloride (72.0 ng, O. 265 rﬁﬁ‘rllg)l was

added followed by triethylamne (110 [err]l. 0.792 mol ). After 3 hours
the reaction was diluted with ethyl acetate and filtered to renove nercury

salts. The filtrat eThaprodisdtdebmistdp ©n(716 miged.086 dnmol)ohdsohydiegenateddnover
magnesi um sul fate. and concentrated. The crude groduct was purified by 10

silica gel chr dinxeng (3l and 1LONFHGL 508fmd;s 0.086 mmel) iedhe poerssce of err] The
duct f f) (45 . 053 d | 4~ 15
(0.5 ). 1IN ﬂ%b%(éaﬁeté éeov%eme%"s AR ét"méﬂma?bydwp for XN

pal I adi um on cgqr s introduced
via balloon. After 3 ours o St rr%aaﬁb{wr%lg% ra% ure ?%z]va
5 concentrated to remove dioxane, filtered and lyophlhzed to give 42 mg of

the desired proudct as a white solid; (IR (KBr) 1784 cm-!, consisting of a
mixture (62.38) of diastereomers as determined by HPLC.

Example 199

/ﬁCFBCOOH
CH+
H,N /\/\
: + S\
P— e C——({CH2} 5
o \n/ \.__/

10 (racemate)

a)

0O

@—CH;—O—'(L—N
H3

J NN

ﬁ CH;
< : >—C52—O—C—I\ H F— 0

N N— C——(CH2}3

4

(o]

A

To a stirred solution of the protected dimethyl azetidinone from
16 Example 135() (55 mg, 0.12 mmol) in tetrahydrofuran (8 ml) at -78°C was
added sodium bis(trimethylsilyl)amide (1N in hexanes, 0.13 mmol) and
the solution was kept at this temperature for 30 minutes. A solution of
the product from Example 197(c) (43 mg, 0.13 mmol) in tetrahydrofuran (1
ml) was added dropwise and the resulting mixture was warmed to -20°C.
20  After 1 hour, the reaction was quenched with aqueous saturated
ammonium chloride (6 ml) and extracted with ethyl acetate (2 x 5 ml). The

combined organic layers were washed with brine and dried over
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reaction
The filtr

ate was |yophilized to afford 25 ng of the desire :
20 497WO99/67235 _ [err] Follow ng the procedure of Ex%ncg’(@%iﬂb

m xture was diluted with water :1,4-dioxane (1:1) and filtered.

(-MtH) +
ut

enpl oying 5 benzal dehyde in place of acetaldeh de in step (e) the above

conpound was obtained and isolated as the trifluoroacetic acid salt;

= 559. Ex
20. 81 mmo
nmet hyl ene

carbodii m de, hydrochloride salt (4

was stirr

5

10

15

20

(MrH +

REfgdtin e, S1Ba a0, Coha S BB SRERTH By Bobind o P ous

HioidtdrdpHysilich g 5034 ‘éﬂgyleﬁcai’dtei’m Héxaméd) WrRAIEP7ONARY |
.39 g, 22.89 mmol)
eof thealetired product as a colorless oil.

b)

« CF3COOH
CHs

HzN g/\/\___l_ CH3 ﬁ)
JH g G
c \n/

0 (racemate)

To a stirred solution of the product from part (a) (79 mg, 0.11 mmol)
in a mixture of ethanol (1.5 ml), water (0.5 ml and ethyl acetate (1.5 ml) at
room temperature was added palladium on carbon catalyst (10% wet, 15
mg). The resulting suspension was bubbled with hydrogen for 3 hours and
the reaction mixture was then filtered. Concentration and purification by
preparative HPLC (YMC ODS A 20 x 250 mm, 5L, 0 to 100% B over 35
minutes. hold time 15 minutes, A = 10% methanol in water and 0.1%
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 X or X2

is as listed below:

- 280 -

at 0OC. The m xture



for 30 mnutes. |-tert-Butoxyearbonyl pi perazine (3.88 g, 20.81 nmol) and

di i sopropyl et@&lgg)gilﬂg (4.35 m, 24.97 nmol) were added and the m xture
becanme a honogernéeous sol uti on. The sol ution was slowy war nedpﬁtfuﬁ%%‘ﬁ?l'l
tenperature 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

potassi um bi sul fate ¥spH of 3 to 4), satxg @%gd sodi um bi carbonate (pH of 9
to 10), and brine, dried over nmgnesiu te, and concentrated to give
the desired product in crude formas a colorless oil. [err] The crude
product frompart (a) was dissol vgii n nmet hyl ene chloride (160 m ). The

t

solution was cooled to O[err]C an ri-£l uoroacetic acid ( m) was added
dropwi se. The ice-bath was renmnveq. e 'At_g!re s stirr
tenperature for one ur. The sol ven e reno )§nde

room
vacuum The
resi due was dil uted h ethyl acetate (200 ml). The sol ut
neutralized with saturated sodi um bi carbonate (pH of 10).

was
o
I/
—C— _N—C—NH—(CHZ)H: : >
5 201

0

2N
—C— I\:—f:—IJ\I——(CHz)—f‘@
202 CHy
Lot
—C— N—C— O—(CH3}
203
L O e @)
—C— N—C—(CH3y) .~
204

o]
_L N-@-O—(CH) &—@
205 b\—/ 2

o)
Lol @
15 206 \—/ o

e

10
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The aqueous Iayer was extracted wth ethyl acetate (2 x 100 m). The

conbi ned eth acetate solution was washed with brine. dried over nesi um
sul fate an¥ ff(?%'ﬁtrat ed to give the desired product as a XTI 6?? Ss
oil. [err] A solution of phosgene (20%in toluene, 50 mol, 26.3 m) was 25

di ssolved in nethylene chloride (30 m) and cooled to OC. A solution of the
crude product frompart (b) agd triethylamne in nethylene chloride - 275 -
(30 M) was slowy added to the abovy sdf ution over 20 tes. The
resulting solution was stlrl"é@'“a 0[ efirijde— QHS)W@E precipitate
was renoved by flbé?atl on. The fi te waggconcentrate d the residue
was purified with | ica gel chromatography fhexane ethyl acetate, 2:1, Rf

=5 0.15) to afford 5.00 9 of the desired product as a white solid; (M-H)+
= 323.3; IR (KBr) 1731 cm'

""’I‘— /—\N—G— CH .
208 N\——/ ) \E;L/ V<E§§>

(0]
O
o — 2
209 \—-/

5.
I — ¢
210 CH,
Lot
o — 2) 2
10
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d) [err] To a sol uti on of the benzyl ester product from Exanple 1(c) (150
ng, 10 0.26 mmol) in nmethylene chloride (3 mM) was added tri .
(0.043 m, oM%Y, the product frompart (c) (102 ny, ?FNﬁ%&?and
4- di rrethyl am nopyridine (1.6 ng, 0.015 mol). The sol utlon was stirred for
3 hours and the solvent was renoved. The residue was purified with silica
gel chromat ogr 3ghat ishelaimedds:hyl acetate, 1:1, Rf = 0.22) to afford 210 ngy
15 of the desired product as a colorless oil. (M+ H + 859.5; (M- H)-
857.5. e) [err] A mxture of the product frompart (d) (100 ng, 0. 115
mrol ), 20 pal | adi umjon cayr talyst (10% 30 nmg), and 1IN HCl (115
[err]l, 0.115 - 276-1 % pﬁﬁ"s@%ﬁ@?lﬁéﬂnﬂ%er a hydrogen at nosphere

(bal | oon) at rqpm

HzN- C_'Al'—_'—Rl
/N,
b 0 X, )
an
ﬁm H Rnp
HN—C—NH— (CH;) 7] Ry
Vam
o \Xl
1y
}\.TH Riz H
HoN—C—NH— (CHz) 7 Ry
SN
7 \
10 g %
am
HoN—C—NE— (CHy) q_'-—']'—Rl
VRN
© X2 or
M
H H H
| ~R13
HoN—C—NH——(CH;) ¢ |
Y o
I N,

15

— - 9283 -
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tenperature for 45 mnutes. Analytical HPLC indicated the reacti on was
conpleted. The reaction m xture was diluted with water \rl?ﬁ)l' flltered
and | yophiwoagen2td gi ve 53 rrg of the desired product as a 5
(M+ H+ 501.3;; (M- H)- 499.2; IR (KBr) 1785 cm|. Exanple 198[err] A
solution of the product from Exarrple 172(f) (80.5 ng, 0.20 mmol),

triethylam (c) (97 ny,
0.30 mmol) g’ﬁ%\hgl%&%#sﬁg‘gg%w Dr%g& M%ééggmnn%I % |i ngﬁe'gﬁ%z ﬁ ene
chloride (| tRbreofesr $hydrodfhable é@@f&ﬁa@aﬁmtawmatednéreafmrémt 15 21
hours. The reaction was concentrated in vacuo and the residue was taken up

in ethyl acet ateRﬂlG%Vtimgesscanbpxy@]kbmcarbmyd Apaxyl, The ethyl aceate

| ayer was washed again with dil u ot assi um bi sul fate, water (2x) and
brine, dried over sodi umgul at “concentrated to an oil (179 ny).

Chr omat ogr aphy ®f the oilll ov r I|ca gel ¢sing 15% and then 25% et hyl 20
acetate in netl g\ne chI ocr I’OVI ded . 122"@_ of the desired product as an

oil - 277 -

ﬁ ((CHZ)V\

.—-C——N ,
5 \_(CHz)w]

i
— C—CH;=—0—Ryg
* + .80s-Rs,
~S
f R By § R Ro ]
— C—N-Az;—=N—C—Ry , =—C—=N=A;- N—C—ORq , — C—-alkyl—S0;—-R;

*

10 or C-aryl=—S0:=Ry or R, is alkyl provided that Rs is alkyl and Rs is
hydrogen;
Rz and R3 are both hydrogen. or Rs is alkyl provided that Rs is
hydrogen, or Rs is alkyl provided that Rz is hydrogen;

(CH>) { ) v
; e 1 0

—C—N-| —C—N
] Rg \.(CHz)w}

15

-

L




[er] Treatnment of the product frompart (a) (120 ng, 0.174 nmmol) with
trifluoroacetic acid in nethylene chloride according to the procedure .
described i nQ¥UFPY 172 step (h) afforded 174 ng of the crud&THEPIBY
product. [err] Treatnment of the crude product frompart (b) with N,N "10
di car bobenzyl oxy- S-net hyl i sot hi ourea according to the procedure in Exanple
172 step (i) gave 204(@3 )f chde product. Purification by chronatography

over silica gel Si nz’ or| de: ethyl acetate (3:1) gave 79 ny of
t he desired prool Ict _&s Iy res d [err] - 278-

' C
/ 32 ]

(cnz) n -—C—alkyl—-S0,-R,

O 0 “
I I
_ C-aryl—SOz—R7 —C—CHz—-0—Ry¢
P
—S02-R7 | — C—NH——S0,—R~
O Re O
- Ly, i
——C=N-Ay— N—C—EK. =N e fine N (e (3 .
2 = or C=N-A;—=N-—0O=x: ;

—(CH;}p— "{CHZ.":_—'_ «\3

Ay is
b} o
—N—(CHz) g —NEH— (CHz) » 7 \5
—N
L ) (ChHzis™
/(CHz)t.

—N

X

~-HN-CH.,-, ~-HN-(CH , aor -HN-{CH -
(CHp)u— 2 (CHy)ps 0 (CHy)g

R; and Rs are independently selected from hydrogen, alkyl,

10  substituted alkyl. cvcloalkyl, substituted cycioalkyl. As-cycloalkyl, As-
substituted cycloalkyl, aryl. substituted aryl, Az-aryl, Ag-substituted aryl,
aryl-As-aryl, As-aryl-As-aryl, heteroaryl. As-heteroaryl, heterocycloalkyl, As-
heterocycloalkyl, aryl-As-cycloalkyl, As-aryl-As-cycloalkyl, aryl-As-
heteroaryl, aryl-As-heterocycloalkyl, Az-arvl-As-heteroaryl, As-aryl-As-

15 heterocycloalkyl, cycloalkyl-As-aryl, As-cycloalkyl-As-aryl, cycloalkyl-As-
cycloalkyl, Az-cycloalkyl-As-cycloalkyl, cycloalkyl-As-heteroaryl, As-
cycloalkyl-As-heteroaryl, cycloalkyl-As-heterocycloalkyl and As-cycloalkyl-
As-heterocycloalkyl;

- 285 -
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The product fromstep (c) (76 ng, 0.085 mmol) was hydrogenated in di oxane
(3 M) and 1.ON HC1 (0.085 m, 0.085 nmol) in the presence of 10% | adi um

al
on carbon VA#64% (24 ng) at 1 atnosphere of hydrogen for PFTWP’.]&A}'EGI’
filtration using aqueous dioxane, the filtrate was 5 concentrated to
renove di oxane, filtered and |yophilized to give 42 ng of the desired

det whi t bfihe B : | ' ; I Xt
(62.98) of di ast ormnoge B ibeiled Aind, CRIBIENL Mipgande) 70" 2

stirred sol uyictvalleyl, Aieyeloallat £slsehstitubed cyiailksl, AeYE stibsiitukad BxANp! e
135(f) (55 , 0.12 mol) in tetrahydrofuran (3 m) at -780C was added

sodi um bi s( tAs-amihib-substituted azylk awvlids-aolaAesryloAdarylnbedereanylide sol ution
was kept at this tepperature for 30 _m nutes. olution of th roduct from
Exanpl o 107(BSterorsyinheterogyelogtiy Azrbett%wxﬁgzaﬁaitﬁra A@fYﬁ%OﬁfkﬁeXadded
dropw se gand r |1k 9., 1 XL U rmed, 40 - err] C 42 After 1
hour , thesar e%%@%&n%gmcfﬂé%@%g&%%ﬁ&%ﬁgg &‘%%&%ﬂw%%’ t chl oride (5
m) and extrgé&ksstydlonliyd! AYhrAch) BétBrdcdcloalikyl] darbd®f alkoxycarbonyl,

Ry Ry

7
aryloxycarbonyl, — C—-N< '—N\RS ‘
Rs
alkoxycarbonylamino, aryloxycarbon_vlaminol. arvlcarbonylamino,
-N(alkyl)(alkoxycarbonyl), -N(alkyvl)(arvloxycarbonyl). alkylcarbonylaxﬁino,
10  -N(alkyl)(alkylearbonyl), or -N(alkyl){(arvicarbonyl);
m is an mteger from 1 to 5;
Y is O, S, N-R4, N-SO2-R;, Icl)
N—C—A;—R7

i i P

N—C—23-0—R7 , N— C_O—‘A3—R7 N—C—A3~C—R>

0
N '(]:1\7 N—R N !l: !
N=L= — —C-N N=C—R-~
15 ' I\\_/
0 0
N g‘N N g CH,— 0—R N g .
—C- —C—CH;—0—R; , N—C-N_ N—C—o0—R
\—/ N T
o O
P~ 1 |
or N—C-N N—=C—C~—R, .
20

R7 is alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, As-
cycloalkyl, As-substituted cycloalkyl, aryl, substituted aryl, Az-aryl, As-
- 286 - S —
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conbi ned organic |ayers were washed with brine and dried over - 279 -
magnesi um su j ltration, concentration and purificatio ,I’:wﬂl .
chr omat ograpW%ﬁ’F gca gel, 50% ethyl acetate in hexanes) af ?(#Z%sgg g of
the desired product~as a colorless oil. 5 b) [err] To a stirred solution
of the product frompart (a) (79 ng, 0.11 mmol) in a m xture of ethanol,

(1.5 m), water (0.5 m and ethyl acetate (1.5 m) at 10 roomtenperature
was added pal lsabistitnted azyk beteroauyhl 4mheteromyhdieternsyaleglkylride- r esul ti ng

vas thon 1|t DeRREoTIRRHh AR Ara oA R B ACSLAT b SPOREL ARRRRLC (Ve

8 120 % G b M SRR LA ATt 172 1S

90% net hanol  ifpt¥RcPEloRTE1, Noldind s HebbYoRPASAIKG], aryl-As-substituted aryl, Az-

5 aryl-As-substitued aryl, aryl-As-substituted cycloalkyl, As-aryl-As-

substituted cycloalkyl, cycloalkyl- As-cycloalkyl, As-cycloalkyl-As-cycloalkyl,
cycloalkyl-As-aryl, Az-cycloalkyl—Aa-aryl, cycloalkyl-As-heteroaryl, As-
cycloalkyl-As-heteroaryl, cycloalkyl-As-heterocycloalkyl, As-cycloalkyl-As-
heterocycloalkyl, cycloalkyl-As-substituted cycloalkyl. As-cycloalkyl-As-

10 substituted cycloalkyl, cycloalkyl-As-substituted aryl. Az-cycloalkyl-As-
substituted aryl, substituted cycloalkyl-As-cvcloalkyl. As-substituted
cycloalkyl-As-cycloalkyl. substituted cycloalkyl-Az-substituted cycloalkyl,
As-substituted cycloalkyl-As-substituted cycloalkyl. substituted cycloalkyl-
As-aryl, Ag-substituted cycloalkyl-As-aryl, substituted cycloalkyl-As-

15 heteroaryl, As-substituted cycloalkyl-As-heteroaryl. substituted cycloalkyl-
Ags-heterocycloalkyl, Az-substituted cycloalkyl-As-heterocycloalkyl,
substituted cycloalkyl-As-substituted aryl. Az-substituted cycloalkyl-As-
substituted aryl, heteroaryl-As-heteroaryl, Az—hetefoaryl—Aa-heteroaryl,
heteroarvl-As-cycloalkyl, As-heteroaryl-As-cycloalkyl, heteroaryl-As-

20 substituted cycloalkyl, As-heteroaryl-As-substituted cycloalkyl, heteroaryl-
Ags-aryl, As-heteroaryl-As-aryl, heteroaryl-As-heterocycloalkyl, As-
heteroaryl-As-heterocycloalkyl, heteroaryl-As-substituted aryl, Ae-
heteroaryl-As-substituted aryl, heterocycloalkyl-As-heterocycloalkyl, As-
heterocycloalkyl-As-heterocycloalkyl, heterocycloalkyl-As-cycloalkyl, As-

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

R O O



acid) afforded 42 ng of the desired product as a white solid; (M+ H+ =
485. In a §+, %?_{%%mnner following the procedures of Exanple 197 to 199,
oro7 a

conpounds s | and |1V can be prepared wherei n BCEYSPYEHI s a5
|isted below. - 280 - VWhat is clainmed is: 1. A conpound of the
formul as

substituted aryl-As-substituted aryl, substituted aryl-As-cycloalkyl, As-
substituted aryl-As-cycloalkyl, substituted aryl-As-substituted cycloalkyl,
Agz-substituted aryl-As-substituted cycloalkyl, substituted aryl-As-aryl, As-
substituted aryl-As-aryl, substituted aryl-As-heteroaryl, As-substituted

5 aryl-As-heteroaryl, substituted aryl-As-heterocycloalkyl, As-substituted

aryl-As-heterocycloalkyl,
/R4 N 1\< Ra
—N 2=
\ '
Rs or Rs 7

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.
Rs 1s hydrogen, halo, amino, -NH(lower alkyl), -N(ower alkyl)z, nitro,
alkyl, substituted alkyl, alkoxy, hydroxy, aryl, substituted aryl, As-aryl, As-
15  substituted aryl, aryl-As-aryl, As-aryl-As-aryl, cycloalkyl, substituted
cycloalkyl, As-cycloalkyl, As-substituted cycloalkyl, heteroaryl, As-
heteroaryl, heterocycloalkyl, As-heterocycloalkyl, aryl-As-cycloalkyl, As-
aryl-As-cycloalkyl, aryl-As-heteroaryl, As-aryl-As-heteroaryl, aryl-As-
heterocycloalkyl, or As-aryl-As-heterocycloalkyl.
20 B1, Bz and Bs are each CH, or two of B;, Bz and Bs are CH and the
other is N, or one of B;, Bz and Bs is CH and the other two are N.
Rs is hydrogen or lower alkyl.
Rio is alkyl, substituted alkyl, alkyl-O-alkyl, alkyl-O-alkyl-O-alkyl,
cycloalkyl, substituted cycloalkyl, As-cycloalkyl, Az-substituted cycloalkyl,
25  aryl, substituted aryl, As-aryl, As-substituted aryl, aryl-As-aryl, Az-aryl-As-
aryl, heteroaryl, Az-heteroaryl, heterocycloalkyl, Az-heterocycloalkyl, aryl-

- 288 -
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including an inner salt thereof, or a pharmaceutically acceptable salt
Rierr] | s nyWORSHISCar boxy. - al koxycar bonyl . ALerr] aryl . [ eXeTRTgVonD,
[err]is al kyl provided that ‘Rlerr] is alkyl and R err] is hydrogen: [err]
are both hydrogen. or R2 is alkyl provided that Rlerr] is hydrogen, or Rs
i s al kyl provi dgdytloalicyR] As#iyliss-dyvidaBod eryl-as heterd8dyl; As-aryleAs] 10
substituted al kyl. cycloal kyl, substituted cycloal kyl A2-cycl oal kyl, A2-
substituted cydetexpaapl, aryi-As-hetenocydlealkploradararylAa-heterocyalisylbst i t ut ed
aryl, Rao is alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, Az-
cycloalkyl, As-substituted cycloalkyl, As-aryl, or As-substituted aryl.

5 Rz: and Rgs are independently selected from hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, Az-cycloalkyl, As-
substituted cycloalkyl, Aqs-aryl, and As-substituted aryl;

p is an integer from 2 to 6;
q is an integer from 1 to 6;
10 fis an integer from 3 to 5;
Y 1S Zero, one Or IwWo;
s 1s one Or two:
t is one, two, three or four;
u 1s one, two or three;
15 Az is an alkylene or a substituted alkvlene bridge of 1 to 10 carbons,
an alkenyl or substituted alkenyl bridge of 2 to 10 carbons having one or
more double bonds, or an alkynyl or substituted alkynyl bridge of 2 to 10
carbons having one or more triple bonds;
Asis a bond. an alkvlene or a substituted alkylene bridge of 1 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,

—(CHZ)d__O"—(CHZ)e_ —(CHy ) 5—&—(CH3) o—
—(CHz)d—‘ll\T—(CHz)e_' _(CHz)cr—I‘\I“C—"I'\T—(Cﬁz)e"" )
Ra1 R21 Rz

(CHz) g —C—N—— (CH3) &
— (CH) =~ C—0— (CH;) e— | '

25 Ra1 R22 Ra1
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aryl-Alerr]- aryI A2 aryl-Alerr]-aryl, heteroaryl. A2-heteroaryl,

het erocycl oaI 3/ - heterocycl oal kyl, aryl - A3-cycl oal kyl, )
A2-aryl - WH oal kyl, aryl-Alerr]- heteroaryl, PCT/US99/13811

aryl - Al err] het erocycl oal kyl, A2-aryl-Alerr]-heteroaryl, A2-aryl-A3-"15
het er ocycl oal kyl , cycloal kvl -Alerr]-aryl, A2-cycloal kyl-Alerr]-aryl,

cycl oal kyl -Alerr]- cycl oal kyl, A2-cycl oal kyl -A[err]-cycl oal kyl,

cycloal kyl -Al err]-heteroaryl, A2- cycloal kyl-Alerr]-heteroaryl,

cycl oal kyl - A3- het er ocy§l oal kyl and A2-cycl oal kyl - Al err]-heterocycl oal kyl ;
- 285 - Rlerr] is hfidrogen, alkyl, substituted @ kyl, cycloal kyl,
substituted ngpaa-l—loyf-l-c%-eyc}mm-kyl Alerr]- subs I tut ed cycl oal kyI aryl,
substituted aryl, Alerr]-gryl, A2- subst-l-t(mred—aﬂiyl—c—a-FWHﬁ%—aryl
A2-aryl-Alerr]- aryl het eﬁ% ryI A2- heteroaryl ,g heterocycl oal 'kyI

A2- het erocycl oal kyl , aryl ?err] -cycl oal kyl , A2- ?‘3 aryl-Alerr]- cycl oal kyl,
aryl-Alerr]-heteroaryl, A2-aryl-A3-heteroaryl. aryl-Alerr]-

het erocycl oal kyl , A2-aryl - A3- het erocycl oal kyl, carboxy, al koxycarbonyl,
[err] 0 .

—(CH2) e—C—(CHz) e— or —(CHg)a—ll\]—'C_'O—— (CHz) e
Ra1 ‘
5 d and e are independently selected from zero and an integer from 1
to 6;
Rii is alkyl:
Riz is alkyl;
—(CHz)n (CH3)
0 (o) 2/ v
Xo is Il l J Il f \
—t—wo ok ,
10 Re \(CH;) y,
B
](|) (CH3) -\
—_C—N l I Rg
B ’
(CH;)n “/ 2
O 0 0
] 1 Il

, —=C—NH——S0,—R; — C—alkyl—~S0,~R,

0O 0 Ro O
I iR o

h) Rg Ry 0
—C_aryl—SOz—R-, — C—N-23—-N—C~R4 ! |-l

, —C—N-2A;~N-C—ORy
0] 0]
~C~R , —C-R
15 7 provided that 7 is other than alkylcarbonyl, phenylcarbonyl,
substituted phenylcarbonyl, naphthylcarbonyl, substituted
naphthylcarbonyl, phenylaminocarbonyl, substituted

phenylaminocarbonyl, napththylaminocarbonyl, or substituted
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al koxycar bonyl am no. aryl oxycarbonvi am no. arvl carbonyl am no,

-N(al kyl) (al koxycar bonyl ), -N(al kyl) (aryl oxycarbonyl). al kyl

10 -N(al kyI é’%’l@% 2ar bonyl), or -N(al kyl) (aryicarbonyl); ﬁgf/gﬁﬁlyhﬁege
froml to 5; [err] R7 is alkyl, substituted al kyl, cycl oal kyI substituted
cycl oal kyl, A2- cycl oal kyl, A2-substituted cycl oaI kyl, aryl, subst I tuted
aryl, A2-aryl,p t}'&gla%ﬁﬁmcarboﬁﬂbﬁf 1S®%~R9'p?6diheci‘ﬂ§e&r-sg R is cﬁs?m?@ﬁ@:i oaryl,
heterocycl oal kyI het er ocycl oal k aryl -As-aryL ,&2 aryl - As-aryl,

aryl - A3- cycl oai]ky]sulﬁéﬁyhphényléalf&yjdl s stithite dop dnydhdfonlyl, hga;ﬁithylsulfpnyl
Alerr]-aryl - A[e ! - heteroaryl, | -Alerr]- heterocycl oal kyl,

Alerr]-aryl - tl@@@ﬁdlmhtbylsu pRY¥L Al err]-substituted aryl, A2- 5

20 ar ol A b fi‘f’séh S AN MR SRR R
222 gg: 8:: Kyl ‘ﬁ%ﬂﬂ‘}qa(aar{%&ﬂcyéc#%gﬁé&#ﬁ%%err ﬁ%e’?é}r%%?cﬁr borg&

alkylecarbonyl, phenylcarbonyl, substituted phenylcarbonyl,

naphthylcarbonyl, substituted napthylcarbonyl, alkylsulfonyl,
phenylsulfonyl, substituted phenylsulfonyl, naphthylsulfonyl, or
substituted naphthylsulfonyl; and

10 \_(CH, )
(CH2) o By
i N
—C—N l I Rg
B» !
(CHz)n =z
B3
o) o)
I i
— C—CH;~0~Ryg , — C—-alkyi—SO:—R,
0 0 Rg O :
] I 0B R
—C-aryl—§0;~R, — C~N-Be=N—C-R4 = _ (C-N-2;~N-C—OR4
o) o)

15 = c- R7 provided that ~ c- R7 is other than phenylaminocarbonyl,
substituted phenylaminocarbonyl, naphthylaminocarbonyl, substituted
naphthylaminocarbonyl, carboxymethylaminocarbonyl, or
alkoxycarbonylmethylaminocarbonyl, -SO2-R7 provided that -SO2R7 is
other than alkylsulfonyl, phenylsulfonyl, substituted phenylsulfonyl,
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cycI oal kyl -Alerr] - het eroaryl, cycloal kyl -Al err]-heterocycl oal kyl,
A2- cycl oal r - heterocycl oal kyl, cycl oal kyl - As- substrtuted C cloalky
A 2- cychﬁé?@éﬁl [err]- 10 substituted cycl oal kyl PCT/USM
cycl oal kyl - As-substituted aryl. A2-cycl oal kyl - A3- substr tuted aryl,
substituted cycl oal kyl -Alerr]-cycl oal kyl,. A2-substituted
cycl oal kyl -Alerr]-cycl oal kyl. substituted cycloal kyl-Al@rr]-substituted

Clbstrtur ed dyitshy BHEBbRTf heREGt A ndh R ey o bePicy T as ary !

substituted cycl oaI kyI A[egr] 15 heteroaryl, Alerr]- substrtut ed

cycl oal kyl -Al err W%Loﬂi?stl tuted cycl oaI kyl -

Al err] - het er &P¢¥ “i‘ﬁ ubst’ i90thgr & %mébkqucarhpgylr Prhet er ocycl oal kyl ,
substituted cycl oal -3, pubstituted aryl. A2-substituted

cycl oal kyl - Al er ] ubgt i tut ed ar yI het er oar yI Alerr]-heteroaryl,

A2- het eroaryl = teroar rrl-cycl.oal kyl .

A2- het er oar y! - A[err] gjcl oal PWdﬁgttg?‘g%{lélls }3 %Bﬁ)“@ti%gﬂ'f}lﬁ%d

cycl oal kyl, A2-heter oaryl Alerr]-substituted cycl oal kyl, heteroaryl -
Alerr]-aryl, Hylrbgdecat AkBkFdar err] - het er ocvcl oal kyl
A2- heteroaryl A[gér] heorgrocyk*oalg?(%uor%?%?gg%rﬁm {err]-substitut ed aryl,
A2- heterbaryl-Alerr]-substituted aryl,

het er ocycl oal kyl - Aéerr] het er ocycl oal kyI A2-

het er ocycl oal%kyl - A% SPEPeRBE P Chimk | | het er ocycl oal kyl - A3-cycl oal kyl , A2-
25 het er ocy, al kyl - Al err]-cycl oal kyI ,

het er ocycl oal Kyl - Al err]-substituted cycl oal kyl,

NE e
| B
HzN— C—NH— (CH2 ) q—_l_ R1
N
o N\
X2

including an inner salt or a pharmaceutically acceptable salt thereof

10 wherem:

qis 3;
0 o) O
g T NV W
—cC- ¢ —C— NH —C- Y
R is carboxy, , v . N\—/ .
N
or -~ C—NH—(substituted alkyl);
O
/N ? Ro
—cN ¥ ] P
X2 is —C—N——(CHz)z—N—C—OR4 , or
T‘S R9 l?
15 —C—N—{(CHj) Z—N—C—‘R4 :

0
|
Re is aminocarbonyl, ~C—NH(alkyl) . —C-N(alkyl); .

I 0

Yis N-Ry, N=C—23—Ry N—C—A;-0—Ry
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A2- het erocycl oal kyl -Al err]-substituted cycl oal kyl,

het erocycl oal kyl - A3-aryl, A2- heterocycl oal kyl - A3-aryl, .
het er ocycl oaI‘XéI”’ﬁ@‘%ubsti tuted aryl, Alerr]- PCT/US99/13811
het er ocycl oal kyl - Al err]-substituted aryl, heterocycl oal kyl - A3-het eroarvyl,
A2- heterocycl oakl yl - As-heteroaryl, substituted aryl-Alerr]-substituted
aryl, A2- substi tuted aryl - Afperr] Osubstituted aryl, substituted

aryl-Alerr]-cyclod] kyl - bdt i ¢ uled ryl-Alerr]-cycloal kyl, substituted
aryl -Alerr]-subst tu%%a‘ré-ﬁ%s]gl_ _I‘%‘YA‘] ertt semstitut ed
aryl-Alerr]-substituted cycl oal kyl, substituted aryl-Alerr]-aryl, A2-
substituted aryl-As-aryl, substituted aryl-Alerr]-heteroaryl,
A2-substituted 5 aryl-Alerr]-heteroaryl, substituted

aryl-Alerr]-het erd?cyclloal\kyl A2-substituted aryl-Alerr]-heterocycl oal kyl,

[err] n and o e nelor ; \Aok'provi ded that the sumof n plus o is two or 10
three. v and w are one; two, of three provided that the sumof v plus wis

three, four, or fiV inthe definition of Y and Xz is alkyl, cycloalkyl, substituted alkyl,
5  substituted cycloalkyl, or heteroaryl;

Rz is alkyl, cycloalkyl], substituted alkyl, substituted cycloalkyl,
Re R4
—N_ ~CH;—N_
aryl, -(CHg)1 w0 4-aryl, -(CHs); w 4-arvl-As-aryl, Rs  or Rs
R4

———

- .
Rs 18 40, —Nu(alkyl) o, —N(alkyl),

Ry is lower alkyl:
10 Ajis a bond, an alkylene bridge of 1 to 6 carbons,
—(CH3) d-liT—(CHg) e

d and e are independently selected from zero and an integer from 1
to 6; and
Rz 1s hydrogen or lower alkyl.
15
3. A compound of Claim 2 including an inner salt or a
pharmaceutically acceptable salt thereof selected from the group

consisting of
NH

HzN/u\ N/\/ //,"‘ CO.H
H |

o)
i
/N _C
7 N~ "N—C- (CH
o N\",N, N (CH3) 3
& _

20
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hal o,
substituted al kyl,

Rs is hydrogen,
al kyl ,
A2- 15
cycl oal kyl,

cycloalkyl,

substi t ut ed
het er oaryl ,

am no,

sKRAMTHE] aryl

-NH(l ower al kyl), -N(lower alkyl)2, nitro,

al koxy, hydroxy, aryl, substituted aryl, A2-aryl,
aryl-Alerr]-aryl, A2-aryl-Al err] PET{ISI9/13811
cycloalkyl A2-cycl oal kyl, A2-substituted ~
heteroaryl het er ocycl oal kyl ,

A2- het er ocycl oal kyl aryl Eﬁfr] cycloalkyl A2- aryl-Alerr]-cycl oal kyl,
aryl - As- het eroaryl , yl beteroqg ko aryl A[err]
het er ocycl oal kyl, or A[eﬁ? efg%f rrf—t%f%rocycloal Bl, B2
and Blerr] are each CH or tmo of [erjr] d they her is N, or one
of [err] is CH and the other two are/ N&n/ og or |ower alkyl.
Rlerr]Jo is alkyl, substituted aIkyI al k 0- - 0-al kyl - 0-al kyl
cycl oal kyl , substltuted cycl oal kyl , A2- cchoaIkyI AQ substitut ed
cycl oal kyl, 25 aryl, substituted aryl, A2-aryl, A2-substituted aryl,
aryl-Alerr]-aryl, A2-aryl-A3- aryl, heteroaryl, A2-heteroaryl,
het er ocycl oal kyl , A2- heterocycloalkyk) aryl - - 288 -
H,N N’\/’I; ND——C-—NHZ
H
OJP—N\'CI/N N—-—c— ’\—fH_CH(CHB)z
0 CH(CHa)» .
5
NH
A y AR
HN~ NN r N2
au y—-c_ —
0o O—CH—CH(CH3),
I
o CH(CH;3),
NH 0
I N
HNT NN C—N N~ C—NH,
H “1
H
- N
o7 N\TT/N N_ﬁQ >
8 N

10

", sCO2H
Y ot N
S QW

N—C—O—CHZ—CH(CH;;)Z
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Alerr]-cycloal kyl, A2-aryl-Alerr]-cycloal kyl, aryl-Alerr][-heteroaryl,
A2-aryl-Alerr heteroaryl aryl-Alerr]- heterocycloalkyl or .
A2-aryl - Al erﬂo %‘rsocyl oal kyl. Rlerr]is alkyl, substituted gp;ws”nssl,l
cycl oal kyl, substituted cycl oal kyl, A2- cycloalkyl A2- substi tuted
cycloalkyl, A2-aryl, or A2-substituted aryl. 5 R21 and R22 are

i ndependently sel ected fr hydrogen al kyl, substituted al kyl, cycl oal kyl,
substituted cycl oal ky cxglog) kyl cb2y substit ut ed cycIoaIkyI
Alerr]-aryl. and AQ-Sbggtl uted aryr-gb I's an integer from2 to 6; g is an
integer fiom1l to 6; 10 f n |nreger éroyrS\to is zero, one
or two: s is one or two: t is on LKr ee Not Nrﬂ@ oée, two or
three; 15 A2 is an al kylene or S |tute kyl bridge of 1

to 10 car bons,
havi ng one or

an al kenyl
nor e doubl e bonds,

or substitute@ alkenyl

bridge of B2 tq 10 carbons

or an al kynyl or substituted al kynyl

bridge of 2 to 10 carbons having one or nore triple bonds;
NH
H
0
) N -/ N}
2 ” N— C—CH;~N([CH(CH3)2]>
o e\
© ;
NHE
-LN /\///,'. COgh
H "‘T‘
— 00
77— N N g g N-CH—CH (CHs)
7 ” = C-C-N~-CH—
o S N ; | 3)2
5 0 CH(CHz) )
X
4 co
H2N ﬁ/v //"—-r 2H o
OZ_N\[(N_ (CH,) 2—1|\'/U\ O0—C{(CHsz}3
CH: )
NH
H ‘1
| CH; CH3 CHj
AN I CHy
C-N- (CHy) o=N—C
I CHj
0] CH; ;
10
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A[err] is a bond. an al kyl ene or a substituted al kyl ene bridge of 1 to 10
car bor%g % Zé kenyl or substituted al kenyl bridge of 2 to 10 carbons
haV| ng one Q9L doubl e bonds, an al kynyl or substituted ZCEU$IY1ISY dge
of 2 to 10 carbons having one or nore triple bonds, [err] [err] [err] 5
d and e are independently selected fromzero and an integer from1l to 6; 15
[err] provided that (¥ r] is other than al kyl carbonyl, phenyl carbonyl,
substituted phenyh md_~#apht Qogar bonyl , substituted naphthyl carbonyl,
phenyl ani nocar bony¥, bsti tut'é'u—genyl am nocar bonyl ,
napt ht hyl am nocar bonyl , or substikuted ,—%90 i

& N~ N C= O~ CHCHz=CH (CHy ) 2

ll
CHz— CH (CH3) 5

NH

HZNJLN /\///l,_ COzH
H | CH
: 0 3
S— /\ I CH;
04 N\ C/ N N—C
fl \—/ CH3
0 CH3

CHNT NN CO-H
H .

| 0

/N

5 _‘N\C,N N—C—CHZ-O—CH_CH(CH:;)Z
5 (@) CH(CH3)2

\

i ? it
H

) N\l AR

7 s N— C— 0—CH—CH (CHs)
C 3712

o ¢ N/
0 CH(CH;3}, - and
NH

HoN NH/\//,’"—(
N\ 0

10
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napht hyl am nocar bonyl, or -SO2-R7 provided that -SO2R7 is other than

al kyl sul f ony | sul fonyl, substituted phenyl sul fonyl, n onyl
or substitutgﬁ)%ﬂgﬁﬁhylsulfonyl; X3 i s phenyl am nocar bonyl , 3&%@?%%&#&%
phenyl am nocar bonyl, 5 napht hyl am nocar bonyl, substituted ’
napht hyl am nocar bonyl , al kyl carbonyl, phenyl carbonyl, substituted

phenvl car bonyl , napﬁthylgﬁﬁwﬁﬁymnnduﬁﬁﬂaﬁmsed napt hyl car bonyl ,

al kyl sul fonyl, phegyl sul fonyl, substituted phenyl sul fonyl,
napht hyl sul fonyl, §r substjtuted 8§£hthylsulfonyl; and [err] 15 [err]

provi ded that [ WS et ifer enyl arg nocar bonyl, substituted.
phenyl am nocar bonyl ,Hnapht h 1 hoc nyli, substituted

napht hyl am nocar bonyl , ca;% t hyYam _g&yl or
al koxycar bonyl net hyl am nocar bony SOZ- R7 ovi dE@knat - S2R7 is ot her
t han al kyl sul fonyl, phenyl sul fonyd, substituted phenylsul fonyl, - 291 -

including an inner

salt or a pharmaceutically acceptable salt thereof.

5 5. The compound of Claim 3
NH

HgN/u\N NS, COsH
H ’

H
’ — N
OZ_WN\ /N_<\N:>
0

pharmaceutically acceptable salt thereof.

including an inner salt or a

6. The compound of Claim 3

i i :
f
HZNJLI}\g/\//"ﬂ C—N C—NH;
N ~N N—C—O0—CH—CH(CH;)
o) % L/ N l 3712
10 0 ©  cric), ; ora
pharmaceutically acceptable salt thereof.
7. The compound of Claim 3
o)
JNLH AN g
", - NH
HNT N _r N .
N ¢
N N— C—0—CH—CH(CH
o N, | 3)2
0 CH (CH3) 5 or

15 apharmaceutically acceptable salt thereof.
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napht hyl sul fonyl or substituted naphthyl sul fonyl, or[err] provided that

[err] is otg%{ &ha al koxycar bonyl, or [err] provided that if m
is 1, 2 or RS2 err] is other than R6 hydrogen, carboxy,PCHRIR{EH hony |
or aryl oxycarbonyl. 5 2. A conmpound of daim1l [err] including an i'nner

salt or a pharmaceutically acceptable salt thereof 10 wherein: [err] -292 -

8. The compound of Claim 3

NH 0
H,N” N ., T -C 2
_'r I\\_/ H
7N ¢
e =)
1l N
or a pharmaceutically acceptable salt thereof.
s .
9. The compound of Claim 3
NH
//Jl\ , CO.H
H2N NH /\/ ”:,—(
BN
o Y N N N—C—(CHj,) s
I
0]
or a pharmaceutically acceptable salt thereof.
10 10. A compound of Claim 1
Ile (CHz) ¢
N7 Ny
| O
(CH;) u——t-Rl
N
0 Xy

including an inner salt or pharmaceutically acceptable salt thereof

(NG S W W S
VN W e

R, is carboxy, ,

wherein:

]
15 or — C—NH—(substituted alkyl).

I



[err] R4 in the definition of Y and X2 is al kyl, cycloal kyl, substituted
al kyl, 5 substituted cycloal kyl, or heteroaryl; R7 is alk shdl ky! .
substitut ed VP RY/67215ubst i t ut ed cycloal kyl, [err] [err] d an?ce'r/gérée

i ndependently selected fromzero and an integer from1 to 6; and [err] is
hydrogen or |lower alkyl. 15 3. A conpound of Claim2 including an inner
salt or a pharmaceuticall g a tabl e S?Zt t hereof selected fromthe group

consi sting of 20 —C-N &err]ﬁ- 93 - 1|’~9 ﬁ)
X, is  —C—N—{(CH;) ;—N——C—0Rq

p D i

—C—N—1{CHj) 7=—N—C—R, :

; OF

t is two or three;

u is one;

Il . Il
5 Re is aminocarbonyl, —C—NH(alkyl) . —C~N(alkyl); .

i i

Y is N-Ry, N—C—A3—Ry ’ N—(C—2a43=-O0—R7

7 0

N'_C'—’O-A:;'—R';, N'—C‘—A3‘C‘_R7 ,or

N— fc?:— N/—\N—-R4
—/

¥

10 R4 in the definition of Y and Xz is alkyl, cycloalkyl, substituted alkyl,
substituted cycloalkyl, or hetercaryl;

R7 is alkyl, cycloalkyl, substituted alkyl, substituted cycloalkyl,
SR /Ra
—N ~CHy—N_

aryl, -(CHz)1tos-aryl, -(CHa)ros-aryl-Ag-aryl, Rs or Rs .

SRe

\Rs is amino, -—NH(alkyl)’ or —N(alkyl}:

15 Rs is lower alkyl;
As is a bond, an alkylene bridge of 1 to 6 carbons,
—(CH3) a“II\T'_(CHz) o
Ra1 or —(CH2)a~0—(CHz)e™ .

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

to 6; and
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[err] 297 - [err] or a pharmaceutically acceptable salt thereof. 5 9.

The conmpound of Caim3 )
" WO 99/67215 PCT/US99/13811

.
.

Rz is hydrogen or lower alkyl.

11. The compound of Claim 10 including an inner salt or a

pharmaceutically acceptable salt thereof of the formula

O—//,'. COzH
N I

0
HN =< % N / \ |
o) -C—0— CH——CH (CH3) 2

NH; c” R /
' CH(CH3)2

5 o]

12. The compund of Claim 10 incuding an inner salt or a

pharmaceutically acceptable salt thereof of the formula

HI\=< 04—_1\1\ /N N""“E—'(CHz) 5—@
I

0

10

13. A compound of the formulas

- 300- ) O A



[err] incl udi ng an inner salt or pharnmaceutically acceptable salt thereof

wher ei n: ég%’ﬁfzg R4 in the definition of Y and X2 is alkg .
cycl oal kyl , Ted al kyl, substituted cycl oal kyl, or het%%‘a[?%%l, 81k7 i s

al kyl , cycloalkyl substltuted al kyl, substituted cycloal kyl, [err] [err] -
299 - [err]is hydrogen or lower alkyl. 11. The conpound of C aim 10

including an ir@gr salt or a

ﬁm H Rnp
HaN—C—NH~— (CH,) T R1
Ve
O X3 ’
1y
ﬁ]H ) Ri2 H
HpN—C—NH— (CH, ) 7 Ry
/N,
5 o X4 , or
(Ivy
il B H
HQN—C—NH (CHZ ) q ' R]_
/ —N
A Y
0] X,

including an inner salt thereof, or a pharmaceutically acceptable salt
thereof, or a hydrolyzable ester thereof, or a solvate thereof wherein:

10 Ay, Ry, Rz, Rs, Ru1, q and Ry are as defined in Claim 1;

1? /_‘\N_II
X; and Xz are 1\——/ o Res

Rzs is a spacer terminating in a lipophilic group.

; and

14. A compound of Claim 13 wherein Ras is selected from the group

_(CHz)s—@ ,—<CH2)5——@
15  consisting of
—N—(CH,)
——'NH--(CHz)a—@ o] @ ’

CH;
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pharmaceutically acceptable salt thereof of the fornula [err] 12. The
conpund of Claim 10 incuding an inner salt or a pharnaceuticall é? accept abl e
salt thereMOW6e fornula [err] [err] including an i nnBYTUEP138er eof
or a pharmaceutically acceptable salt thereof, or a hydrolyzable estéer

t hereof, or a solvate thereof wherein: 10 [err]are as defined in
Claiml; [err] [err]is a er termnating—N a |lipophilic group. 14. A
conpound of CHM@R: 5 L @H§he » orpthe group [err] - 301 -

-O-(CHz):TO_@ ,—NH‘(CHz)TO_@ ,

B an ORI
-NH—(CHz)z ’-T-(CHZ)Z—. . ,

CH;
——0—(CH>) 2
and

15. A compund of Claim 14 wherein

Ras is

10 16. A pharmaceutical composition useful for treating and/or

(@]

preventing medical conditions in a mammalian species related to
tryptase, thrombin, trypsin, Factor Xa, Factor VIla, 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
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[err] 10 6. A pharmaceutical conposition useful for treating

1
and/ or preventing nedical conditions in a manmal i an species . )
trypt ase, thm%qgﬂ?lstrypsin, Factor Xa, Factor Vlla, or urokiﬁgzﬁessg@/%gl

pl asnmi nogen activator conprising an effective amobunt of a conpound of Caim’
1 including an inner salt or a pharnmaceutically acceptable salt 15

thereof, a hydaeteptablessadsStiRiedts hgafoly2dbla esRlrtBbRof, MR Elvaedhefdfor nore
pharmaceutically acceptable carriers. 17. A pharnaceutical conposition

useful for treandrogemr pore/pharnrarenticdlivy actepsable carmershi niti s conprising an
effective anount of a 20 conpound of Caim1l including an inner salt or a
phar maceutically - 302 - acceptabl e salt thereof, a hydrol yzable ester

thereof, or a sol Vatl%. t hgrﬁ(l)afrmaceutical composition useful for treating chronic

5 asthma comprising an effective amount of a compound of Claim 3 -
including an inner salt or a pharmaceutically acceptable salt thereof and
one or more pharmaceutically acceptable carriers, said composition being

adapted for inhalation administration to the bronchioles.

10 19. The composition of Claim 18 wherein the active agent is of

the formula
NH

HzN)L N/\/ //," CO;H
H |

0
]
/N _CQ
Y o N N~ ~N—C-{(CH;3)
o}

including an inner salt or a pharmaceutically acceptable salt thereof.

15 20. A method for treating and/or preventing medical conditions in
a mammalian species related to tryptase, thrombin, trypsin, Factor Xa,
Factor VIla, or urokinase-type plasminogen activator comprising

administering an effective amount of the composition of Claim 16.

20 21. A method for treating and/or preventing asthma or allergic
rhinitis in a mammalian species comprising administering an effective

amount of the composition of Claim 17.

22. A method for treating chronic asthma in a mammalian
25  species comprising administering by inhalation to the bronchioles an

effective amount of composition of Claim 18.
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and one or nore pharmaceutically acceptable carriers. 18. A pharnmaceuti cal
conposition useful for treating chronic 5 asthma conprising_an effective
anount of VWO®¥APA%nd of Caim3 including an inner salt or P%Tmsggm‘s.l_.l

phar maceutically acceptable salt thereof and one or nore pharmaceutically
acceptabl e carriers, said conposition being adapted for inhalation

adm nistration to the bronchioles. 10 19. The conposition of Caim
18 wherein the active agent is of the formula [err] including an inner salt
or a pharnaceuticg8l y The afsthtd of Chdin RPeyiantin te active ageR is ofthget hod for
treating and/or preventing rredical conditions in a marrmaﬁ I an speci es
related to tformulge, thronbin, trypsin, Factor Xa, Factor Vlila, or

ur oki nase-type pl asm noggn act i vator conprising adm nistering an effective .

anount of the conpositiofp of Caim16. 20 21. A nethod for
treating and/ or prevepN M aSHifs, Peigic rhinitis in a mmualian |
speci es _conprising adm ni sfering &n gffecti anbunt of the conposition of
Claim17. 22. A method for treaoté,ng_ hr ol ¢ Cht&g_lél_?c}ggwmllan

0O

5 including an inner salt or a pharmaceutically acceptble salt thereof.

24. A method for treating and/or preventing medical conditions in
a mammalian species related to tryptase, Factor Xa, Factor VIIa, or
urokinase comprising administering an effective amount of a composition

10 containing a compound of the formula

VD)
NH H H
| Ri4
HoN—C—NH——(CH3 ) 7]
—
0 N\x3

including a zwitterion or inner salt, or a pharmaceutically acceptable salt
thereof, or a hydrolyzable ester thereof, or a solvate thereof wherein:
15 fis an integer from 3 to 5;

Ri4 is hydrogen, carboxy, alkoxycarbonyl, alkylcarbonyl,
phenylcarbonyl, substituted phenylcarbonyl, naphthylearbonyl,
substituted naphthylcarbonyl, alkylsulfonyl, phenylsulfonyl, substituted
phenylsulfonyl, naphthylsulfonyl, substituted naphthylsulfonyl,

20 phenylaminocarbonyl, substituted phenylaminocarbonyl,
naphthylaminocarbonyl, substituted naphthylaminocarbonyl, Az-aryl,

L




25 species conprising adm nistering by inhalation to the bronchioles an

ef fective anpbunt of conposition of Claim18. - 303 - 23. p f gld.of
C ai m 22 whePQ GRS active agent is of the fornula NH [err] i'hcl udl ng
an inner salt or a pharnaceutically acceptble salt thereof. 24. A nethod
for treating and/or preventing nedical conditions in a manmalian species
related to tryptase, F fCHam Factor VIila, or urokinase conprising

adm ni stering an efyfec iv_el anount of a conposition 10 containing a conpound
of the fornmula (WCHeNrj— ncluding a zwitterion or inner salt, or a

pharmaceutical [y acceptaBée sal t wyorein mis 1, 2 or 3 and Re is hydrogen,
carboxy, alkoxycarbonyl, or aryloxycarbonyl;
X3 is as defined in Claim 1; and
Ay'is straight or branched chain alkylene or a substituted alkylene

5 bridge of 1 to 7 carbons.

25. A compound of the formula

| CO»Z

HN— c—blz—(CHz)q-'—'——(
=1

|
X3

wherein X and g are as defined in Claim 1;
10 Pi is an N-protecting group; and
Z is benzyl or benzhydryl.

26. A compound of the formula

N—Py
i Ria

Hy— C—N— {CHy) q——T
H L

] ' Y NH
7

g w—

15
wherein Ri3 and q are as defined in Claim 1; and

P, is an N-protecting group.

27. A process for preparing compounds of the formula
NH
I

HoN— C——N— (CHj ) q———-r
H

7N
20 O Xy

A
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thereof, or a hydrolyzable ester thereof, or a solvate thereof wherein: 15
f is aninteger from3 to 5; R err]is hydrogen, carboxy, al yl,

al kyl car bdMQPY6A&ny| car bonyl , substituted phenyl carbonyl, 159%%&9&&9P
napht hyl car bonyl, substituted naphthyl carbonyl, aIkyIsquonyI
phenyl sul fonyl , substituted phenylsulfonyl, naphthylsulfonyl substituted

napht hyl sul fonul Hfﬁ?:% . nocar bonyl ,
napht hyl am nocardbmﬁgl su%st I'tut ec?r nap %lﬁfl?g%a E’ gnse é:a‘?ryr [err]
car boxy, alkahgﬁgﬁbonyl or aryl oxycarbonyl; X3 is as defrned in Clain11
and A2 isstraight or branched chain alkylene or a substituted al kylene 5

bridge of 1 to 7 carbon®. 25R4 A cogp oura he fornul a [err]
R i il _j
15 18 —c-N --C—-HN—
Rs
0 ((CHZ)V\ (CHZ)Q
I ¥ 0O /
—C—N I
_J —c—N
(CHZ)w , - ?
(CHy I
R Rg O O Ro Rg O
] 0 ] o
5 —C-N—A;—N—C—Ry oy —C-N—2;—N—C—Rs .zp4

X1, g, v, W, 0, 1n, B1, Be, Ba, Re. R7. Rs. Ro. R4, Rsand m are as defined
in Claim 1; which comprises:

a) coupling the intermediate of the formula

N—FP1
] CO,H

H?——C——-?-(Cﬂz)q"“——1/
H

Py /—NH
10 Y

wherein P; is an N-protecting group with an amine selected from

l__(CHz)m ((CH;;_)\\
SO . S

Rg Rs (CHz Yw

(CHz) o By
N
HN ‘ ‘ Rg
B !
(CHz)n Z =2
Bj

PP
15 HNe~25— N— C—R4 , or HN—2,—N—C—0Ry to

e =

o \\ll\ll\\\\l\\lll\\\\l\l\\\ll\



wherein Xerr] and q are as defined in Claim1; 10 [err] is an

N- protecting . and Z is benzyl or benzhydryl. 26. A cor he
formula 15 WO 85767215 [err] wherein Rlerr] an (91 %srl__ie as
defined in Claim1l; and P[err] is an N-protecting group. 27. A process for
prepari ng conpounds of the fornula NH I ncluding an inner salt or

phar maceut i cal igivestheaphaidundsdithe fdrandaf, wherein [err]

N ‘P]_

ml\l—c—l!v—WHz) q_—_l"RIS
Py H

o ‘
O/ :

b) reacting the product from step (a) with an acid chloride selected

? ]—__l(Cﬂz)m

1
ﬁ’ Cl—C—N-| '

Cl—C—CH;—0—Ryp
O Ro Rg O 0]
| [l I

Cl~C—-N—2,;—N—C—Ry , Cl—C—alkyl-SC;—R7
; v r

Cl— C—aryi—S0,—R» i Cl-C~N=~A,—N—C—0Ry or Cl—803-Ry or

10  reacting with OCN—5027Rs t5 give the compound of the formula

i
HN—C— N— (CH) = Ris
& |
0 Xy

1 ;and
c) treating the product from step (b) to remove the P; N-

protecting groups and give the desired compounds.
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[err] c) treating the product fromstep (b) to renove the Plerr] N
protectin roups and give the desired conpounds. - 307 - [ )
i ncl udi ng 9?’ﬁ'&é§ salt or pharmaceutically acceptabl e sal FC?‘}%?%&BI%
wherein X err] and q are as defined in Caim1l, which conprises: a)
reacting the conpound of the formula [err] wherein Plerr] is an

N-protecting groupgw tA péeedl i epatint f ﬁw%glu d rmffiaW th a
brom de or i odide of thg formul a IgP-Z %’J;tﬁf-c% e?ielgﬁféh(l;g) a p?ot ecting
group sel ected fiom benzyl or benzhydryl to give the conpound of the
formul a

NH
i CO,H
HyN— C—N— (CHj ) g™
B
SN
O/ \Xl

including an inner salt or pharmaceurically acceptable salt thereof
5 wherein X; and q are as defined in Claim 1, which comprises:
a) reacting the compound of the formula

N—P1
i CO,H

HN— C——N—(CH3 } o™
| 5 i

D-
i »~——NH
o/

wherein P is an N-protecting group with an alcohol of the formula
HO-Z

10 or with a bromide or iodide of the formula

Br-Zor1-Z
wherein Z is a protecting group selected from benzyl or benzhydryl to give

the compound of the formula

N—P:
i CO,Z

HN— C—N— (CH;) g
I H

Py . /!_'NH
O/

15

b) reacting the product from step (a) with an acid chloride selected

(CHz)
) I? l—_—'J 2/m

T Cl—C—N-| .
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[err] - 308 - [err] 10 c) treating the product fromstep (b) to
renmove the Z protecting group and the Plerr] N-protecting gr .ye

t he desired é’g%%ﬂ%%. 29. The process of Claim28 for prepm&?ﬂ%ﬂ{i]
conpound of the fornmula [err] or an inner salt or pharnaceutically
acceptabl e salt thereof which conprises - 309 - a) reacting the
conpound of the formula B

(Cﬁ'zﬁ " \
tcl) ( \Y cl—C— l RB
\(CH2)W , B3/
Q 0 O R .
I I N PN

. ]
Cl—C—CH;=0—Riw  C1—~C—NH—S0;—R; Cl-C-N—A,—N—C—R;

C“a—._

I}
Cl—'S()z‘R?’Cl—C_alkyl—SO;;"’Rj or C¥

h OCN—S0:—-R

5 reacting wit 7 to give the compound of the formula

N-P,
I} CO,2
HN=— C~N—(CHy) o
b, '
1 H |
/ N\
O/ X4

wherein R4, Rs, R7, Rs, R, Rio, v, w, 0, n, m, B, By, Bs, and Az are as defined
in Claim 1;
10 c) treating the product from step (b) to remove the Z protecting

group and the P; N-protecting groups to give the desired compounds.

29.  The process of Claim 28 for preparing the compound of the

formula
NH
HZN’[LI}\!I/\/""- CO,H
_f /N
Of—N\E,N\——/N— Gg— C(CHs3)3
15 0

or an inner salt or pharmaceutically acceptable salt thereof which

comprises:

R — - 309 -
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[err] with benzyl bromde in the presence of sodium bi carbonate and
t et rabut yl anmoni um i odide to give the benzyl ester of the fornula L;err_] b)

reacti ng tWR9MeM¥y| ester product fromstep (a) with the chE%BW _Ehl oride
of the fornmula [err] 10 to give the azetidinone of the fornmula [erf] and
c) treating the product fromstep (b) with hydrogen in the presence of

pal | adi um on carbgn catal yst,,to renpve t nz ester and 15
benzyl oxycar bonylagN- pIrS? %%cﬁmﬁgﬁa‘?ﬁ%&g@ desi red conpound. - 310-
[err] 0

i

@_‘CHQ—O—C-'N
El) /l\N/\/ll"-. COoH
@—CHZ—O-C—N H |
H

Z—NH
O/

with benzyl bromide in the presence of sodium bicarbonate and

tetrabutylammonium iodide to give the benzyl ester of the formula
o .
I

@—CHZ-— O~ C—N
8 /'\ NN //,,.' COQCHz—-@
@—cz&;—— o-c—-N H i

— NH

L
Fe3

%
5 (9]

b) reacting the benzyl ester product from step (a) with the carbamoyl

chloride of the formula

0 0

P /—\
C1—C—N  N—C—N— C(CHs)s
\_/ H il

10 to give the azetidinone of the formula

0
Vo N NgNC(CH)
7 —(C—=hN= 373
o N\n/\_/ H
o)

and
c) treating the product from step (b) with hydrogen in the
presence of palladium on carbon catalyst to remove the benzyl ester and

15  benzyloxycarbonyl N-protecting groups and give the desired compound.
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wherein: q énd X[err] are as defined in Claiml; and 5 Plerr] is an

N-protecting group. 31. The conpound of C aim 30 wherein: q i ; i
wherein g is"g‘ﬁﬁ’?’%ﬁbber froml to 6; and 15 Plerr] is }gcrﬁusﬂv‘fﬁ:l}
N-protecting group. 33. The conpound of C aim32 wherein: qis 3; and [err]
- 311 - 34. A process for preparing the conpounds of the fornmula [err]

30. A compound of the formula

N-P]_
] COy—CHj
H,N—C— llv— (CHy) q——(

P /_ N\
0/ X

wherein:
q and X, are as defined in Claim 1; and

5 P is an N-protecting group.
31. The compound of Claim 30 wherein:
qis 3;

0
Xy i ‘c‘: N N PSN C(CHj) d
118 \ N 373, an

0
Piis —c—o—cxz—©
10 X

32. A compound of the formula

N-Pq
1 CO,—CH,
H,N—C— Il\’— (CHy) q——(

P

—— NH
¥

wherein
q is an integer from 1 to 6; and

15 P; is an N-protecting group.

33. The compound of Claim 32 wherein:

qis 3; and

1
Piis — C—O—CHg—'@
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or an inner salt or pharmaceutically acceptable salt thereof wherein g and
5 Xerr] are as defined in Claim1 which conprises a) reacting the.
azetidi nomeOog6eTReise formula [err] wherein P3 is a silyl proFEE@#ﬁ%“”ﬁ_’(’oup

wi th benzyl chloroformate in the presence of triethylam ne and ’

di met hyl am nopyridine to give the 10 conpound of the fornula [err] b)
treating the ben e ' | hodi de to give
t he conpound of t 4e‘ f?%ﬁ%q%éf%?%&eﬁ%ﬁﬁk%ﬁg%@%u@%ﬁ%@%ﬁfgﬂ%@i odo product
fromstep (b) with the diprotected guanidine of the formula [err] - 312 -

HyN— C—NH —— (CHp) & COOH

N
~
X

Oy

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

CO.H
C1- (CHy) q———-r

/"'—'N—P_;
O/

wherein P is a silyl protecting group with benzylchloroformate in the
presence of triethylamine and dimethylaminopyridine to give the

10 compound of the formula

coz—CHz—-@

———N-P3
%

b) treating the benzyl ester product from step (a) with sodium

iodide to give the compound of the fbrmula

C0O,—CH
I—(CHz)q—-—T 2 2_@

y———N-P3
&

15 ©) reacting the iodo product from step (b) with the diprotected
guanidine of the formula

N—P,
P;—N— C—NH;
H

-312 -
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to give the azetidinone conpound of the fornula [err] wherein P[err] is an
N-protecting group; 5 d) reacting the aztetidi none prg )
step (c) wt %ﬂ*ﬁ%ﬁ}sumfl uoride to give the azetidi none of tﬁ%?ézfsg__{n
[err] 313 - [err] f) treating the benzyl ester product from step

(e) to renove the benzyl and Pi protecting groups and give the desired

products. 5 35. to gie the acetidinohe Chmipouid of tHe forRdd i Ng t he conpound of the
formula [err] or an inner salt or phramaceutically acceptable salt thereof

whi ch

SO
02— CH
HzN—C"II\T—(CHz)q—_T 2o

P

/‘"—N-P:; ¢
O/

wherein P is an N-protecting group;
5 d) reacting the aztetidinone product from step (¢) with

ammonium fluoride to give the azetidinone of the formula

N—P;
|| L CO;—CH;
HoN—C— ll\r— (CHy} q——(
f

Py

-

)T

/—— NH

e) reacting the azetidinone product of (d) with an acid chloride

(CHz)
. % [—_J 2/m

i Cl—C—N —[ ,
selected from CI—C—R7 Rg

(CHy) i/
2
P ame—x

Cl—C—N

. (CH3)

w

10

0O

] I
Cl—C—CH;~0—Ri0  (l—C—NH—S0;—R

i PR 7
Cl=C~N—A,—N—C—R4 , CI—C—alkyl~S0,—R7

0 P Fg
Cl—C—aryl—S0,—R7 Cl-C=-N—A,—N—C—0R,

or C1—S02-Ry , or reacting with ON—502=R7 harein Ry, Re,m, v, w, Y, o,
15 n, By, By, Bs, Rg, Ro, Rio, Rs and A; are as defined in Claim 1 to give the

compound of the formula

- 313 -
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10 conprises a) reacting the azetidinone of the fornula [err] with

benzyl chl orvg{3 ?;Bhf In the presence of triethylamne and 15

di met hyl am Sé/ 1“0 ne to give the conpound of the fornula [&#CI[USIYIBI1 © D)
treating the benzyl ester product fromstep (a) with sodiumiodide te give
t he conpound of the formula [err] c) reacting the iodo product fromstep

(b) with the diprotected 5nN-geani di ne of the fornul a0 d)
niumfluorideto

reacting the azetidino %b__ Ct, ~fr om st ep ,C0)—GHLR
gi ve the azetidinone OBZEIP-% %r n(SF{?aP‘{e'rI l
P

VEERN
(o) X3
; and
D treating the benzyl ester product from step (e) to remove the

benzyl and P, protecting groups and give the desired products.

(%]}

35.  The process of Claim 34 for preparing the compound of the

formula

NH

H;NJLI\‘- N, COsH
H —r ')
/N I

7N __N N— C-N— C(CH;);
O ICI: \ N _LI 3 3

0

or an inner salt or phramaceutically acceptable salt thereof which

10 comprises

a) reacting the azetidinone of the formula

Cr N\, pCO2H
CH3

7 N\l
Y :Isi—C(CH3)3

CH;

with benzylchloroformate in the presence of triethylamine and

15  dimethylaminopyridine to give the compound of the formula

c1 S, ‘COZCHz_@

o7 N
ISl_'C (CH3) 3
CH, ‘
-314 - [
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e) treating the azetidi none product of step (d) with the car barmyl
chloride - 315- [err] 5 f) treating the azetidin Gt - of
step (e) w tWOI94ET238en in the presence of palladiumon car bon cata yst to
remove the benzyl and benzyl oxycarbonyl protecting groups and give the
desired product. 36. A process for preparing the azetidi none conpounds of
t he 10forrru|a[err or Whss it

N- protecting group ﬂ<'31nd ﬁ-@ ﬂﬂgeﬁ%tﬁ%@lkw %}Bd to G%t%u@o&n%}rl?gggma)

reacting the digdidd acg@d tagbmpo.ﬁndbﬁﬁeofomma [err] with the al kyl di halide
of the fornula

CH} o
o :
0 I\‘S =C{ CHj )2
CHs

¢) reacting the iodo product from step (b) with the diprotected

5 guanidine of the formula

to give the azetidinone of the formula

0
|
Q-aby D)
HoN™ N CH;
l o=l—N_T,
%1——C (CH) 3
G ° CH’—© CHs
0
10 d) reacting the azetidinone product from step (c) with

ammonium fluoride to give the azetidinone of the formula

i
SR B )

HN° N

o=l—nm

C—0-CH —@
i 2

0 ;

e) treating the azetidinone product of step (d) with the

carbamoyl chloride

I -3815-

I O



[emrr] to give the chloro conpound of the formula [err] - 316

- WO

99167215 b) treating the chloro product fromstep (a) w | i.odi de
oP

in the opwo®eght21pr esence of base to give the iodo compoun

e f1.ormul a

[err] c) reacting the iodo product fromstep (b) with the silyl protected

5 azetidinone of the fornula [err] wherein Plerr] is a silyl

protecting

group to give after removal of ghe PEerr]yprotecting group the azetidi none

and

to give the azetidinone of the formula

of the fornula [err] 10 whicdh- opt Net iy~ becE9gl ated as an i nner salt;
H

o .
il
@-— CHy;— O~ C—JIN\ /\/’”h._ CO,CH, '—@
B N o~
_ l . o=l—nN N—C-N- C (CHz)
~ 3)3
C-0- CH;—@ SA\-—/ H
il O
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.

36. A process for preparing the azetidinone compounds of the

10 formula
N"’P]_

I
le—- c—N—(CH,) q-——r

Py o NH
7

COzH

or an amine salt thereof wherein P; is an N-protecting group and q

is an integer from 1 to 6 which comprises:

a) reacting the diprotected amine of the formula

15 By
with the alkyldihalide of the formula
Cl-(CHz)gI ;
to give the chloro compound of the formula
P

N-—(CHp) 4~ C1
Py

T L




d) treatlng the azet|d| none product fromstep (c) to renove the Plerr]
protecting groups and reacting the resulting conpound wth tplagr$eprsitect ed
guanyl ati ngwaggsrr2isf the fornula [err] 15 wherein L is a leaving greup
such as nethylthio or pyrazolyl to give the desired conpound which nmay

i %”3'6: fyof";pir cpabl ng PieeOREdbeGPIIAETERNSETIR AP (B avth SRR 48 or an
2 ne of the hiRtPRRpER R Ehase i eiveiite FH0 PSRRI S et B | et
51

N—{CHp) I

Pl/

c) reacting the iodo product from step (b) with the silyl protected
5 azetidinone of the formula
CO,H

——N-P3
&

wherein Ps is a silyl protecting group to give after removal of the P3

protecting group the azetidinone of the formula

Pi _COpH

P

NH
V4
O/

10 which may optionally be isolated as an inner salt; and
d) freating the azetidinone product from step (c) to remove the
P protecting groups and reacting the resulting compound with the

diprotected guanylating agent of the formula
N—~P;
f
Pi-N—C-L
H
15 wherein L is a leaving group such as methylthio or pyrazolyl to give the

desired compound which may optionally be isolated as an amine salt.
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to give the chloro conpound of the fornmula [err] b) treating the chloro
product fromstep (a) wth sodiumiodide in the presence of base to give

the iodo ewopmemss of the fornula [err] 15 c) reacPFRYSHEN 640
product fromstep (b) with the silyl protected azetidinone of the formula
[err] to give after renoval of the tert-butyldinethylsilyl protecting

group the azeti digpne [ el .'ﬁﬂﬂl be isol ated
as an amne salt ;ggnd ’gﬁe bp&e&gagsﬂa&mt?éegc%ri%bgﬁﬁé‘%?g%lhnoned%roduct from
step (c) wi téprhpodndief facimulaeci d to renove the tert-butoxycarbonyl

protecting groups and reacting the resulting amne with the diprotected
guanyl ating agent of the

R )\ N/\/l/,,' CO-H
@—cnz-— o-c—-N H l
H

~—NH

or an amine salt thereof which comprises:

5 a) reacting the diprotected amine of the formula

I
[ (H3C) 3— C—0O— C}NH
2

with the alkydihalide of the formula
Cl-(CHg)s-1

to give the chloro compound of the formula

Il
[ (H3C) 3~ C—O0— C+N— (CHz) 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
I
[ (H3C)3—C— O—C‘}N—(CHz) 31
2
15 c) reacting the iodo product from step (b) with the silyl protected
azetidinone of the formula
CO,H
H
—n
0 ?i—-c (CH3) 3
CH3

T




formula 10 to give the desired conmpound which nmay optionally be isol ated
as an amne salt. 38. The process of Claim28 for preparing the conpound
of the fornulV¥0 3%67215 [err] or an iFfriYS848it o
pharmaceutically acceptable salt thereof which conprises: - 319 - a)
reacting the conpound of the fornmula [err] wth benzyl bromde in the

presence of tegrt+ ) L vt HLEREAY ' t he
benzyl ester ofta e o?fr:}ue}g?‘%ggﬁﬁ%%erftggﬁl ’ggﬁgﬁﬁéﬁgﬁaéggg&%%fuct from
step (a) with tdzetididdiereiithe formula

ﬁ n, COH
(H3C) 3~ C—O0— N/\/ —r
2

»—NH .
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

0
CHy=—O— C—IN
Q /\ N
@y
H

10  to give the desired compound which may optionally be isolated as an

amine salt.

38.  The process of Claim 28 for preparing the compound of the

formula
NH
HZN)L %] /\///,,__rCOﬂI )
7N ,N/_—\N— g-N—" C(CHi3}3
o S\ H
15 o]

or an inner salt or pharmaceutically acceptable salt thereof which

comprises:

- 319 -
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chloride of the formula [err] 10 to give the azetidinone of the formula
[err] and c) treating the product fromstep (b) with hydrogen in the
presence OVOBYBT2A&i um on carbon catal yst to renove the benPHI/EMEBILNg 15
benzyl oxycar bonyl N-protecting groups and give the desired conpound. - 320
- 39. A conpound of the fornula [err] wherein X err], t, and u are as
defined in Clai Mad;  Ph&4cting theoiphRides theFoh@iaP; and 5 Zis

benzyl or benzhydryl. 40. "A process for preparing conpounds of the fornula

(S)crioy ﬂ
L 20
Z,
@—cnz-—o—-c-H 1;}1/\/ —( H3N-C (CH3) 3

~7—NH

0

with benzyl bromide in the presence of tert-butylamine and N,N'-

dimethylpropyleneurea to give the benzyl ester of the formula
0]
]

@— CHp— O— C—N
0 )\ N~ cozcnz—'@
@-—CHZ— o-c-n" B _r

H J—u

5 ' 0

b) reacting the benzyl ester product from step (a) with the carbamoyl
chloride of the formula

o) 0

N " /\

Cl—C~— N— C~N— C(CHa);
I\.\_/ H

10 to give the azetidinone of the formula
0
]
@_-CH?'_ %— C-|N C02CH2—‘©
I J\ e,
@—CHTO—C-N el o
5 o N y: C{cH
o7 N\"/ N I;I{ (CH;3) 3
o]

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.

* c L M s *




[err] including an inner salt or pharmaceutically acceptable salt thereof
whi ch 10 conprises: a) reacting the conpound of the formula [err] wherein
P2 is the N pVOU®ETAdHg group t-butoxycarbonyl with an al cohol PEFUEA3SL
formul a 15 HO-Z or with a bronmide or ~°

| odide of the formula Br-Z or I-Z - 321 - wherein Z is the protecting

group benzyl to give the conpound of the formla [err] wherein t and u are
as defined in dai m38 A compound of the formula

(CHz) ¢+
PI—N
\/\ C0O,2
{CH;) u———r
/—N
o) \x1

wherein Xj, t, and u are as defined in Claim 1;
P is a N-protecting group'; and
5 Z is benzyl or benzhydryl.

40. A process for preparing compounds of the formula

NH (CHz)e
HoN—C—N
\/\ COH
(CHp) u——T
VRN
X

including an inner salt or pharmaceutically acceptable salt thereof which
10 comprises:

a) reacting the compound of the formula
(CHz) ¢

P;—N

COOH
\/\(cam——r

/—NH
O/

wherein P; is the N-protecting group ¢-butoxycarbonyl with an alcohol of

the formula
15 HO-Z
or with a bromide or iodide of the formula
Br-Zor1-Z
- 321 -
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5 b) reacting the product fromstep (a) with an acid chloride
selected [err] -322 - c) treating the product fromstep (b) to renove
the P2 proWR9¥6Y315r oup; d) reacting the product from stepctajsowissiy t he
di protected guanyl ati ng agent of the fornmula [err] wherein L is a | eaving
group such as nethylthio or pyrazolyl to give the conpound of the fornula
d) to renove the Plerr] and Z 10

[err] e) treating,t.h roduct from step |
prot ecti ng gwglﬂﬁ??“gﬁds Eﬂ{%ﬁ@%ssw enzpbio give the compoand of the

formula
(CH2) ¢
Py—N
\/\ CO,Z
(CH2) y— _‘r
4——NH
wherein t and u are as defined in Claim 1;
5 b) reacting the product from step (a) with an acid chloride selected -
’? I——J {CHy)
ﬁ Cl—C—N-| ,
from CI—C—R~ , Rg
(CHp) By
O [+
(CHz) ¥ | / N
( A Cl—-C— l \ Rg
Cl~-C—N Y é )
2

P PR e PR
Cl~C-N—A;—N—C—Ry Cl-C-N—2a,;~N—C—O0R,

0

i Il
10 Cl—S02-R7 ,Cl—C—alkyl~50,—Ry ,or C¥—C—aryl—S0,—Ry ,or

reacting with ON—S02=R7 4, give the compound of the formula
(CHz)

@
P;—N
CO22

\/\(CHz) u———r

Ve
Xy

0

wherein R4, Rg, R7, Rs, Ro, Rio, v, w, 0, n, m, By, Bz, Bs, and As are as defined
in Claim 1;
i

Tl

4
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c) treating the product from step (b) to remove the P2 protecting

group;
d) reacting the product from step (c) with the diprotected
guanylating agent of the formula
i
Pi—=N—C—L
5 H
wherein L is a leaving group such as methylthio or pyrazolyl to give the
compound of the formula '
N-p; (CH2)e
Py— ’.I.I\'_EI— !IJ—’ N/ >
NA (CHy) u——r

Y N

o X1 .and

CO4Z

e) treating the product from step (d) to remove the Py and Z
10 protecting groups and give the desired final product.
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