N- ALKOXYAM DE CONJUGATES AS | MAG NG AGENTS Rel ated Applications This
application clains priority under 35 U S.C. 119(e) to co-pending United
5States Provisional Application Serial No. 61/019,627, filed January 8,
2008, the contents of which are incorporated herein by reference. Field of
the I nvention The present invention relates to conpounds and

di agnostic agents, and related 10 nethods. Background of the Invention
Car di ovascul ar di seasgeaptExYRRNDEAHRLICATSSAIMAGRE AdENTie Uni ted
States, accounting annually for nore than one mllion deaths.

At herosclerosis is the major contributor to coronary heart disease and a
primary cause of non-accidental degeRddmphhiMsier N countries. Considerable
effort has been nmade in defining the etiology and potential treatnment of
at her oscl erosi s anbhij epplieatins elgimsieiegty q"ﬁ@l%gj{ﬁ& M&é@ﬁwfapmdwgéh&d on,

angi na, or gan gds |P\'H\/?sion§pﬁpﬁit:§tf3lﬂ SeridPRRP6 1/619L37 Sled JaRfidry 8 10068, EhedloBieRRNY
unanswer ed questions includi ng how and when atherosclerotic |esions becone
vul ner abl e an@f whirkare incepowisdhgrein tyaefseeste. poi nt of intervention, and how to
detect and 20nonitor the progression of lesions. In the |ast two decades,
many radi otracers have been devel oped based on several nolecul es and cell
types involved in atheroscl erosis. Field efghedpygntion adj ol abel ed protei ns and
pl atel ets have shoy aegm iﬁlehﬁuncrelbte%tc%mpb%saﬁidi?\&tfeg ARE M SreRfed _
at heroscl erosi s, but due to poor target/background and %arget/bl ood rati os,
t hese agernfs &rdofbt i deal for 25i magi ng coronary or even carotid |esions.

Radi ol abel ed peptides, anti body %fg%gm&,theamqugﬁ abolic tracers |ike FDG
appear to offer new opportunities Taor nuclear scintigraphic techniques in

the non-invasi ve ifHHICWI dserses g€ Hiedeadingicause pedgathdp thenitgdh Staksasi ve

nethod to di agResfingAfhAINick foretBidn &dniftidh QLM AGKErAEle ks BABEHajbs Needed.
30Summary of the_Invention The present invention relates to conpounds of

Formula (1), contributggso F@or}qr}(qu}ljt Aissase angya primary cause of non-accidental death in
15  Western couniries. Considerable effort has been made in defining the etiology and

potential treatment of atherosclerosis and its consequences, including mybcardial

infarction, angina, organ failuré, and stroke. Despite this eﬂ'ox.'t, there are many

unanswered questions including how and when atherosclerotic lesions become

vulnerable and life-threatening, the best point of intervention, and how to detect and
20 monitor the progression of lesions.

In the last two decades, many radiotracers have been developed based on several
molecules and cell types involved in atherosclerosis. In general, radiolabeled proteins
and platelets have shown some clinical potential as imaging agents of atherosclerosis, but
due to poor target/background and target/blood ratios, these agents are not ideal for

25  imaging coronary or even carotid lesions. Radiolabeled peptides, antibody fragments,
and metabolic tracers like FDG appear to offer new opportunities for nuclear
scintigraphic techniques in the non-invasive imaging of atherothrombosis. However, a

non-invasive method to diagnose and monitor various cardiovascular diseases is needed.

30 Summary of the Invention

The present invention relates to compounds of Formula (I),



(1), or a pharmaceutically acceptable salt thereof, wherein: Xis a

het eroatom 5R1 is hydrogen, al kyl, alkenyl, arylal kyl, al kyl aryl al kyl,

al koxyal kyl , heteroal kyl, or heterocyclyl al kyl ; R2 and R3 can be the
sane or different and are hydrogen, alkyl, al kenyl, cycloal kyl, alkylaryl,
al kyl carbonyl, aryl, arylal kyl, alkylarylalkyl, alkoxy, alkoxyal kyl,

al koxycar bonyl, heteroal kyl, heterocyclyl, heterocyclylal kyl, or carbonyl;
and 1012.4 is al kyl, al kenyl, cycloathh# ﬁlkylaryl al kyl car bonyl, aryl,
aryl al kyl, al kyl aryl al kyl , alkoxy, g R! al koxycar bonyl ,

het er oal kyl, heterocyclyl, or het ef'd el wherein each 12. 1, R2, R3,
and R4 is unsubstituted or substituted w h one or nore of the follomﬁng
al kyl , al kenyl, cycloal kyl, alkylaryl, dbDkylcarbonyl, aryl, arylalkyl,

15a|ky|ary|a| V. . | kY I KR arbonyl heteroalkyl,
het er ocycl yl , &4 hﬁ@%aé%gzi}l @ﬁ%s Erl%%RZé(;r ﬁ- SH, -S( Pg), -OH, _pR 9R2o,

_p(o)RRIR22, _ CCQ?Mai@th@Hb trlfluoronethyl cyano, -02R24, -C(=0)R24,

S, R RSP R S

. S02R24, _sRoar heterochtdialsyl =0) N( R24) 2, -NR24802N(R24)2 -

) NHC(=s) NHR24, Hﬁa@% Ee% %CHEFH’%&e t%Q@%ehﬂérE%% lkﬁ%ﬁ%ﬁ?@ 2,

_N(R24.2 _ _c(=, 1- nor phol T no) et hoxy; a chel at or

moi ety; RO afys! ylaﬁléyielablqlkwﬁérép%déﬂiwalkﬂbé lergilabigy ﬁ%knwﬁlésg@ﬁlkytamal kyl
substituted w ﬂ(ygarﬁon%ﬁae@mh ﬁéﬂé}ééycfypma@r %cﬁghal%‘]%r%on%&yd oal kyl

substituted wt terocycl é ubstituted with 0-3 R23,
Co-i oat yl 1@mpal kyIR'dualsyli atkenplcysicalky alﬁylzmgylcaﬁbﬁﬂ)ﬂéﬂér%ﬂ?@ﬂyl substit ut ed

with 0-3 R23. alkylareflal }lk@ﬂd al’ﬁgézaﬁgy? k@5 RabBE RRRARIY], Yere® Oﬁg}l%ﬂ from - OH,

Croal kyl substit aryl” substituted w th
CnDcycIoaIkylh%ﬁﬁ§®WhﬂWéd with 0-3 R23, heterocyclyl-Cmal kyl substituted

wth 0-3 R23,  CO. i el RAIN, SRt blodilohsibsiuBdin 8AGodifiser oyl !
substituted w
of the following: alkyl alkenyl, cycloalkyl, alkylaryl, alkylcarbonyl, aryl, arylalkyl,

15  alkylarylalkyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, heteroalkyl, heterocyclyl, or
heterocyclylalkyl, -NR'PR¥, -SH, -S(Pg), -OH, -PR’R¥, -P(O)R¥'R%, -CO:H, =0, halo,
trifluoromethyl, cyano, -CO,R?, -C(=0)R**, -C(=0)N(R**),, -CHO, -CH,0R?, -
OC(=0)R*, -OC(=0)OR%, -OR*, -OC(=O)N(R**),, -NR*C(=0)R*, -NR*C(=0)OR?,
-NR®C(=0)N(R?*),, -NR¥*SO,N(R™,, -NR*SO,RY, -SO3H, -SO,R*, -SR*, -

20 S(=0)R%, -SO;N(R™), -N(R™),, -NHC(=S)NHR?, =NOR*, NO,, -C(=0)NHOR*",
-C(=0)NHNR*R?, -OCH,CO;H, 2-(1-morpholino)ethoxy, or a chelator moiety;

R'? and R? are each independently selected from hydrogen, C,.jpalkyl substituted
with 0-3 R, aryl substituted with 0-3 R, Cs.;ocycloalkyl substituted with 0-3 R*,
heterocyclyl-Ci.jealkyl substituted with 0-3 R, Cq.j0aryl-C).jpalkyl substituted with 0-3

25  R%, and heterocyclyl substituted with 0-3 R%,

R?' and R* are each independently selected from -OH, C\.jpalky! substituted with
0-3 R¥, aryl substituted with 0-3 R?, Cs.jocycloalkyl substituted with 0-3 RZ,
heterocyclyl -C). malkyl subsututed with 0-3 R*, Cg.10aryl-C.j0alkyl substituted with 0-3
R%, and heterocyclyl subst:tuted w:th 0-3 R%;

30 eachR® is independently selected from =0, halo, trifluoromethyl, cyano, -
COR¥, -C(=0)R¥, -C(=0)N(R*),, -CHO, -CH,0R*, -OC(=0)R*, -OC(=0)OR*, -



30each R23 is independently selected from =0, halo, trifluoronmethyl, cyano,
- Co2R24, _c("..0)R24, -C(=0)N(R24)2, -CHO -CH20R24, -0C(=0)R24,
-0C(=0)0R24, - OR24, -0C(=0)1\1(R24)2, -NR24C(=0)R24, -NR24C(-0)O0R24,
-NR24C(=0) N(R24) 2, - NR24S02N(R24) 2, -NR24S02R24, -SO03H, -S02R24, - SR24,
-S(=0) R24, -S2N(R24)2, - N(R24)2, -NHC(=S)NHR24, =NOR24, -NO2,

- C(=0) NHOR24, -C(=0) NHNR24R24, - OCH2CO2H, 2-(1-norpholino)et hoxy

Cl. 5al kyl , C24akk 1: Clmﬁl* b RIC3NR omd, kyik 2y
C2_6alkoxyal ky| ’w Ltut C?L %@) WUW(R », -

ar nd feroc ;
cach Roa 1o | NBESRUBEDS R SQR e B oG ar S5 SRy b SCINEER
cycl oal kyl, aNWI‘)@r MhcE ﬁmk@aﬂbgnw NG YAFOMNBORY K ﬂO)whmz’aﬂ/L al kyl ,
al koxy, al koxyal K I alkox carb , heteroall cyl hetero
het er ocycl yl aé dh‘l"fb’éiﬂ?l“‘o)fj ’iyscasa{kﬁﬂ %F“‘ab‘?eﬁif e@%ﬁ")‘&ﬁ"a@%’g&% and 10n' is
an integersf rgb?uQamylmWHWé{g&mbh@@ﬂrmmmﬁmﬁ@mmsasazatmh Ba&bcyeng chel ator
n

noi ety. sonme_gnbodi ment Xis nitrogen. |n sorree ﬂ(l[nants Xis
a

oxygen. In some erfBgtR nﬁrifliePef)@eW? slered, melhﬁid@%‘ﬁ‘ealgﬂb‘ﬂ%ﬁ“

phosphorus. | RkPIRTE sRVRAYSIVR AN, arflaik lsal@}ﬂaﬂyﬁﬂ@gﬂkoiyr ﬁll@n@aﬁyl 15/ n some

embodi ments, each R24°is i ndepende T4al | ¢ phenyl, benzyl,
or Cl1_6 al kox§koysarbepyl, §é‘?r°6‘ﬂ<y]e%ﬂﬂ?yﬁéhth§temf<%ﬁ a’f‘ﬁ’q ‘?"G@'@H‘;/y Rl is hydrogen,

al kyl, arylallcyl ,pgqgamlaxg}@gcﬁh@%;wﬁ an®@0R2 and R3 can be the sanme or
different and are hydr qgen, , alkylaryl, aryl, arylalkyl,

al kyl aryl dfkyl , or? I’Feaé‘é'f“é%f’gi SPI kyl; R4 is al kyl, al kylaryl, aryl,

aryl al kyl', -or al ky&&wﬁﬁahb&yﬁoun&/@@ﬂ;ﬁls& aaueabte)aswemenaﬁetﬁl R2, R3, and R4
is substituted with a chel ator npi et any of .the forf%m n eirbodi ment s,
R2 or R3 can conpri$@ms Hebadingntinrigni S%EE‘r ER:’E gmbodiments, X 15 oxygen. In

some embodiments, X is sulfur. In some embodlments, X is phosphorus.
In some embodiments, n’ is an integer from 0-3.
15 In some embodiments, each R* is independently hydrogen, C).salkyl, phenyl,
benzyl, or Cy¢ alkoxy.
In one set of embodiments,
X is nitrogen;
R! is hydrogen, alkyl, arylalkyl, or alkylarylalkyl;
20 R? and R? can be the same or different and are hydrogen, alkyl, alkylaryl, aryl,
arylalkyl, alkylarylalkyl, or heterocyclylalkyl;
R* is alkyl, alkylaryl, aryl, arylalkyl, or alkylarylalkyl,
wherein at least one of R', R%, R®, and R* is substituted with a chelator moiety;

In any of the foregoing embodiments, R? or R? can comprise the following

4

-‘\r\N’

25  structure,

wherein
n is 0-6; and
R? is selected from alkyl, aryl, cycloalkenyl, cycloalkyl, heteroaryl,-and
30 heterocyclyl.

In any of the foregoing embodiments, R* or R? can also comprise the following



wherein n is
cycl oal kenyl

wherein nis

0-6; and R, is selected fromal kyl, aryl,
cycl oal kyl , heteroaryl and 30heterocyclyl. In any of the
foregoi ng enbodi ments, R2 or R3 can al so conprise the following structure,
0-6; 5RY is selected from hydrogen, al kenyl, and al kyl; and
le is selected fromal kyl, aryl, cycloal kenyl, cycloal kyl, heteroaryl, and

het erocycl yl .

enmbodi nent s,
enbodi nent s,
enmbodi nent s,
H +11 RY 0 (I

10

15

20

25

In one set of enbodinents, nis 1 or 2; 10le is hydrogen;
12." is sel eclig@nder om al kyl, aryl, cycloal kyl, and heteroaryl.
sone enbodi ments, Rl conprises the at | east one chel ator noiety. In sone
R2 or R3 conprises the atFthst one chelator noiety. In sone
R4 conprises the at | east 0Ag chel ator noiety. 15l n one set of

1)

wherein

nts 0-6;

RY is selected from hydrogen, alkenyl, and alkyl; and

R” is selected from alkyl, aryl, cycloalkenyl, cycloalkyl, heteroaryl, and
heterocyclyl.

In one set of embodiments,

nis 1 or 2;

RY is hydrogen; and

R? is selected from alkyl, aryl, cycloalkyl, and heteroaryl.

In some embodiments, R' comprises the at least one chelator moiety. In some
embodiments, R? or R? comprises the at least one chelator moiety. In some
embodiments, R* comprises the at least one chelator moiety.

In one set of embodiments, the compound has a structure as in Formuia (I1),
H

RZ
),
: N. . .Ra

H$’“jr o
R O

(In

or a pharmaceutically acceptable salt thereof; wherein

R? is alkyl, alkenyl, cycloalkyl, alkylaryl, alkylcarbonyl, aryl, arylalkyl,
alkylarylalkyl, atkoxy, alkoxyalkyl, alkoxycarbonyl, heteroalkyl, heterocyclyl, or
heterocyclylalkyl, substituted with the at least one chelator moiety;

n is 0-6;

R’ is selected from hydrogen, alkenyl, and alkyl; and

R* is selected from alkyl, aryl, cycloalkenyl, cycloalkyl, heteroaryl, and

heterocyclyl.
‘In another set of embodiments, the compound has a structure-as in Formula (IH),
2 3
R R n "
HZN soa
0

In

and

t he conpound has a strucﬂq%e*és in Formula (H, Revn HN "R4



or a pharmaceutically acceptable salt thereof; wherein R4 is al kyl,

al kenyl , cycl oal kyl, al kylaryl, alkylcarbonyl, aryl, arylal kyl,

20al kyl aryl al kyl , al koxy, al koxyal kyl, al koxycarbonyl, heteroal kyl,

het erocycl yl, or heterocyclylal kyl, substituted with the at |east one
chelator nmoiety; nis 0-6; Vis selected from hydrogen, al kenyl, and al kyl;

and Rz is selected fromal kyl, aryl, cycl oal kenyl, cycl oal kyl,
heteroaryl, and 25heterocyclyl. I n anot gy set of enbodi ments, the conpound
has a structure as in Forrmula (I R2 R3.H H2ZNN, 0-R4 O (III) or a

phar maceut i capnap a@@éﬁ{tlaﬁlmcgemabletsmﬂ‘éf@?f “Rff&ei n R2 and R3 can be the sane
or different and W%@Kﬂéﬁ%m Bk ¥ differteiany hre hy‘d/rﬁgﬁh@ilk)&{ alkeaylkyl aryl ,

al kyl car bonyl yl al ky al kyl aryl al kyl | k
5al Koxycar bgnwdoaﬁ%l élkﬂwkylkylcrréf’w %&)S}ca}‘vlalkylﬁﬁkﬂ?% %Y?\kgﬂkg xy&h‘%ar bonyl ,

and at |east ARG Libdi1, ﬁél@roﬁiﬁyll ﬁetéb@fétyl ke 2By cIfliliRy 1} di@arBbnyll 6@ bt Iedse chel at or

nmoi ety; and 124 is,alk J or al k | n anot her set of(ﬁnbodlnents t he
conpound has @nef Riapd it ds &?S‘i'thWb’F‘H‘Eheé“ fersypne qheltgr PGERRn
phar maceutical ly q@qgﬂkﬁg}gzﬁgbf t hereof; wherein R is alkyl,
al kenyl , cycl oal kyl, arylal a|kOXﬁ§|ky| hgteroalk%l,,
het er ocycl yl al kyl Inéi’mléﬁris%t@f@ﬂ bagirpents, the campquad 8es dpfacty é‘Fﬁ‘c'I'Eﬂ‘“‘Hlﬁl{lé/t)y
1 \(E) H 4
RU A N. R
Yo
H O
10 (V)

or a pharmaceutically acceptable salt thereof; wherein

R' is alkyl, alkenyl, cycloalkyl, arylalkyl, alkoxyalkyl, heteroalkyl, or
heterocyclylalkyl, substituted with the at least one chelator moiety;

nis 0-6;

15

R? is selected from alkyl, aryl, cycloalkenyl, cycloalkyl, heteroaryl, and
heterocyclyl; and

R* is alky] or arylalkyl.

In any of the foregoing embodiments, the at least one chelator moiety has the

20  structure,

wherein X’ is a heteroatom; and D' and D? can be the same or different and are hydrogen
or a chelator moiety. In some embodiments, the at least one chelator moiety has the

structure,

25 D,
" ‘wherein P! and D? can be the same or different and are hydrogen or a chelator moiety.
In some embodiments, one of D' and D? is a hydrogen and the other is a chelator moiety.

The chelator moiety may be selected from



nis 0-6; 15 It" is selected fromal kyl, aryl, cycloal kenyl,

cycl oal kyl, heteroaryl, and heterocyclyl; and R4 is al kyl or aryl al kyl.
In any of the foregoing enbodi nents, the at |east one chel ator npiety has
the 20structure, -X D2, wherein X is a heteroatom and D and D2 can be
the sane or different and are hydrogen or a chelator noiety. In sorre

enbodi nents, the at | east one chelator noiety has the structure, 25b2
.wWhei ein DL and D2 ean be tife sane or di fferent and are hydrogen or

chel ator noiety. In sone er(‘gq of DI s a hydrogen and
the other is a chelator cﬁgﬂgt or ndi 2del ected from
( N("3 Wl CO2H ci F10 { q_§211 HO2C4 u) \N I CO2H ; Ow

HO2C49, 11 113114..0

Hozcﬂ/ \_(, \H,COZH

b L

3¢ 0
EEN’H*N’H‘COZH \"/LQL /(A)\COZH

I S

sorch), Y,

and ;

Hozc

002H

wherein o, p, q, I, 5, t, and u are each independently 1-6; and v, w, x, and y are each
independently 1-3. In some embodiments, o, 1, s, t, and u are each 1; and p and q are
5 each 2. In some embodiments, o, 1, 5, t, v, W, X and y are each 1.

In one embodiment, the compound has the structure,

CO;H
g O~ —:
N
i N _C02H
CO,H
In another embodiment, the compound has the structure,
§
CO H
oy O
Z_COzH

T

10 In another embodiment, the c_ompound has the structure, .



SHO2CN4) CO2H HO2C u and Ov Nt CO2H %Ow HO2C14: 1-1" NN, _ s wherein o,

p, g, r, s, t, and u are each independently 1-6; and v, w, X, and y are
each independently 1-3. In sonme enbodinents, o, r, s, t, and u are each 1,
and p and q are 5each 2. In sone enbodinents, o, r, s, t, v, w, x and y are
each 1. In one enbodi nent, the conmpound has the structure, In another
enbodi nent, the conpound has the structure, h CO2H N ,CO2H re, N\ CO2H

10l n anot her enbodi nent, the conpound has the st?@cture,

HO.C, > 7

H02C

In another embodiment, the compound has the structure,
Ph

N

Hozcw “\/Qﬂﬁ,g\é)rnb/@
( _7

Hozc

In another embodiment, the compound has the structure,

In another embodiment, the compound has the structure,
Hozc7

N

c
noc” N N
e ST
CO,H T H
-~ Cd H
H2N/\[rN o C
Q
In one aspect of the present disclosure is provided a compound of Formula (I-A),

H 1

A N, L D

oty

o) D?



ph C? 7 H HO201- N'CH3 Nri HO C N5i: HR2C N,,,NN L/ H®2C In anot her
enbodi nent, the conpound has the structure, h HR2C 1 NF3 HC Wt4 0 Li

HO?%N I n anot her enbodi nent, the conpound has the structure, HO2O 0 HO2C

(I-A),

or a pharmaceutically acceptable salt thereof; wherein

A is a D-amino acid residue or a peptide consisting of 2 D-amino acid residue and
a second D-amino acid;

5 D! and D? are independently selected from hydrogen, a chelator moiety, and an

imaging moiety; and

L' is a linker; or

L! and D?, together with the nitrogen atom to which they are attached, form a
five- to seven-membered ring.

10 In a first embodiment of the first aspect L' is a linker selected from alkenylene,
alkylarylalkylene, alkylene, arylalkylene, heteroalkylene, and heterocyclylene. Ina
second embodiment of the first aspect L' is alkylene. In a third embodiment of the first
aspect L' is arylalkylene. In a fourth embodiment of the first aspect L'is
alkylarylalkylene.

15 In a fifth embodiment of the first aspect A is a D-amino acid residue. In a sixth

embodiment of the first aspect A is

b

HNT S
R
wherein
n is 0-6;
20 RY is selected from hydrogen, alkenyl, and alkyl; and

R? is selected from alkyl, aryl, cycloalkenyl, cycloalkyl, heteroaryl, and
heterocyclyl. In a seventh embodiment of the first aspect n is 1 or 2; R” is hydrogen; and
R® is selected from alkyl, aryl, cycloalkyl, and heteroaryl.
In an eighth embodiment of the first aspect the present disclosure provides a
25  compound wherein one of D' and D? is a hydrogen and the other is a chelator moiety. In
a ninth embodiment of the first aspect one of D' and D? is hydrogen and the other is a

chelator moiety selected from



I n anot her enbodi nent, the conpound has the structure, HO2C,) (NH5 0
H®2Cr/N H LCO2HH N'CH3 H2N O I n one aspect of the present disclosure is

provi ded a conmpound of Formula (l1-A), AN.,0,..D1L yNOD2 (I-A), or a
pharmaceutically acceptable salt thereof; wherein Ais a Danmno acid
residue or a peptide consisting of a Dam no acid residue and a second
D-am no acid; 5D and D2 are independently sel ected from hydrogen, a

chel at or

D2, together with the nitr
five- to seven-nenbered r

noi ety, and an i ng noiety; and LI is a linker; or
|i§

LI is a |linker selected f | ene, (

< COzH y w

t
HOoCy N N COH
Hozcﬂ) AN

wherein
0,P, 4, I, S, t, and u are each independently 1-6; and
5 v, w, X, and y are each independently 1-3.
It a tenth embodiment o, 1, s, t, and u are each 1; and p and q are each 2.
In an eleventh embodiment o, t, 8, t, v, w, x and v are each 1.
The present invention also provides diagnostic agents comprising a compound
described in any of the foregoing aspects and embodiments; and an imaging agent bound
10  to the at least one chelator moiety. In some embodiments, the imaging agent is an
echogenic substance, an optical reporter, a boron neutron absorber, a paramagnetic metal
ion, a ferromagnetic metal, a gamma-emitting radioisotope, a positron-emitting
radioisotope, or an x-ray absorber. In one set of embodiments, the imaging agent is a
paramagnetic metal ion. In a particular embodiment, the paramagnetic metal ion is
15  Gd(II). In another set of embodiments, the imaging agent is a gamma-emitting
radioisotope or positron-emitting radioisotope selected from Hn, $2Cu, ¥Cu, ¥Ga, #Ga,
and °Gd.

In one embodiment, the diagnostic agent has the structure,

LI

and

4@( Q§Lo which th tt ached, form a
bH EP#Et enbédiaent nOftathE first aspect



al kyl aryl al kyl ene, al kyl ene, aryl al kyl ene, heteroal kyl ene, and

het erocycl yl ene. I n a second enbodi nent of the first aspect LI is alkylene.
In a third enbodi nent of the first aspect LI is arylalkylene. In a fourth
enbodi nent of the first aspect LI is alkylarylalkylene. 15In a fifth

enbodi mrent of the first aspect Ais a DDamno acid residue. In a sixth
enbodi nent of the first aspect Ais wherein nis 0-6; 20R3' is selected
from hydrogen, al kenyl == al kyl ; and 12" is selected from al kyl,
aryl, cycl oal kenyl , cy* hctcroaryl and heterogyclyl. In a seventh
enbodi ment of the first>aspéct nk|s | or 2; RY is hyrjggen; and Itz is

sel ected from al kyl, aryl, ud heteroary 5n an eighth

embodi ment of the first aspéct he pr su,@ rovides a 25
conpound wherein one of DI and is a y- og n ther is a chelator
moiety. In a ninth enbodi nent of the first asp and D2 is

hydr ogen and the other is a chel ator nnlety sel e fron1 14 ) N CO2H
(rYsiv HO294, N\ 11711.1 ,...02H V ix 's and mhgggjn o, p, q, r, s, t, and
u are each independently 1-6; and 5v Ml x andoy & e each independently

1-3. In a tenth enbodinent o, r, u are each 1; and p and q are
each 2. In an el ev@ﬁ@?ﬁh@@ﬁ@ﬂ?lﬁﬁﬁt‘héd‘agnos‘éc agent ks thg strycturpyy v are each |.

The present invention al sopprovides diagnostic agents conprising a conpound
described in any of the fongO|ng aspects and enbodigents; and an inmagi ng

agent bound ;N flk
HoN "0 0
2/ﬁ(.])/ /\©\/n r\N%O

Q

H
N...CHs
W Ess s
oﬁiu/m’ W’ O
L\*:1§
0

()

!

In another embodiment, the diagnostic agent has the structure,
Ph

3 N
SN OEC

QJ\/N/ \M_*"'_‘_'/"‘“O
L,L lo

In another embodiment, the diagnostic agent has the structure,

10



10 to the at |east one chelator noiety. In sonme enbodi nents, the inmaging
agent is an echogeni c substance, an optical reporter, a boron neutron
absorber, a paranmagnetic netal ion, a ferromagnetic netal, a gamm-emtting
radi oi sotope, a positron-emtting radi oi sotope, or an x-ray absorber. In
one set of enbodinents, the inmaging agent is a paranmagnetic netal ion. In a
particul ar enbodi nent, the paramagnetic netal ion is 15 GJI(I11). In another
set of enbodinents, the inmgi ngpagdt is a gamma-em tting radi oi sotope or
positron-em tting radi oi sotope seﬁected from62,-,u, 64676g - Cu, G, G,
and 153Gd. I n one enbodi nent J di agnosti c agent has the structure, In
anot her enbodi nent, theb€gyagrqQ gg,l&_ch\,.a nt has the structure, Ph O rNricA,
of-t. In another enbodi —¥ di Agnost | agent has the structure, Ph

I n anot her enbodi nent, the diagno$tic ﬁgﬁﬂ;:ﬁﬁz the structure, ph In

anot her enbodi nent, the di st1c agent e structure

o i@N’“jr ’\T::]

In another embodiment, the diagnostic agent has the structure,

OTO
O=¢ >N I'N:\__,o
& —GdT 5
o4 N N
SN RO
: H CH
O HzN/\n/ '\OI 3
O

In a second aspect the present disclosure provides a diagnostic agent comprising:

5 a. a compound of Formula (I-B)
A _N L, D
0 D?
(I-B),

or a pharmaceutically acceptable salt thereof; wherein
A is a D-amino acid residue or a peptide consisting of a D-amino acid residue and
10  asecond D-amino acid;
D' and D? are independently selected from hydrogen and a chelator moiety;
L' is a linker; or
L' and D?, together with the nitrogen atom to which they are attached, form a
five- to seven-membered ring; and
15 b. an imaging agent bound to the diagnostic agent.
. In some embodiments, the imaging agent is bound to the diagnostic agent viaa,
chelator moiety.
In a first embodiment of the second aspect the imaging agent is an echogenic

substance, an optical reporter, a boron neutron absorber, a paramagnetic metal ion, a

11



I n anot her enbodi nent, the diagnostic agent has the structure, H OH2NO- CH3
O In a second aspect the present disclosure provides a diagnostic agent
conprising: a.a conpound of Formula (1-B) AN, yO N OD2 or a
pharmaceutically acceptable salt thereof; wherein Ais a Damno
acid residue or a peptide consisting of a Damno acid residue and 10 a
second D-amno acid; Di and D2 are independently selected from hydrogen and
a chel at or nofegbmagnkiic instaka bamiiSEminirig radioisotofe] a positronZmittiag eddivésotope,ioh t he

nitrogen atomto whjch they are. at he orma, five- to seven-nenbered
i hgs Sand 1Sbse AbGrG erens SuRara bh S iRk i el S e
enbodi ment s, pdighagagicigetal gaidtin b shild@thbodimenttol ehedeagd esptdt cheggantagndtia a

chel at or nDietﬁ..In. first enbodi ment of the second aspect the inaging
agent is an el %ﬂgﬁﬁgk%%@stance, an optical reporter, a boron neutron
absor ber, @ paramdgaedurth efiBbdiment@fi the decofikishenragrimbging agentds a ganma-

gamma-em tting radi o.sotope, a.positron-emtting, radi.oi seto QL. an x-ray

absorber. |n HVEEES ‘%%W?%afﬁ%‘iﬂ °"E?fm'i{'ﬂ%ra§}é’bs8f?ae gesleﬁ%gtﬁoﬁe&?’%& ngu’agent is

a par amagnet i €GagtGy, andd®Gdl n a third enbodi ment of the second aspect the

paramagnetic nmetal _iqn.s CGd(I11). c?ln a four&h enbodi ment (af t he second
dn aagwtasqegtt earg lisclosure provides a compound selected from

aspect the imagin

10 CO,H

or a pharmaceutically acceptable salt thereof.

In a fourth aspect the present disclosure provides a compound selected from

Ph

12



emtting radioisotope or positron-emtting radioi sotope selected from 111n,
62m 64 Cu, 67G, 68CGa, and 1530d. In a third aspect the present disclosure

provides a conpound selected from CO2H 0 G N224C2H CO2H, and or a
pharmaceutical |y acceptable salt thereof. In a fourth aspect the present
di scl osure provides a conpound selected from 5 In a fifth aspect the

present disclosure provides a method of detecting, imaging, and/or

mDnldt oring el asti Nnkifigh aépesIptTedent discRlirt privideaiaethed sigletebiings ineggimg of

a.adm ni stering t ' ' ' I Sk.NQ:

of Formula (I g:%yor%rgtnnge;ingae : enrtichatisgdegglnaop?a i!anct cgﬂgr?sﬁngctger@éﬂs%hng' 1. a conpound

a. administering to the patient a diagnostic agent comprising:
1. a compound of Formula (I-B)
No L .0
ey
0 D?
{I-B),

or a pharmaceutically acceptable salt thereof; wherein

A

A is a D-amino acid residue or a peptide consisting of a D-amino acid residue and
a second D-amino acid;
10 D' and D? are independently selected from hydrogen and a chelator moiety;
L' is a linker; or
L!and D, together with the nitrogen atom to which they are attached, form a
five- to seven-membered ring; and
2. an imaging agent; and
15 b. acquiring an image of a site of concentration of the compound in the
patient by a diagnostic imaging technique.
In a first embodiment of the fifth aspect the elastin rich tissues are the arterial
wall, uterus, lung, skin, and/or ligaments.
In a sixth aspect the present disclosure provides a method of detecting, imaging,
20  and/or monitoring the presence of coronary plaque, carotid plaque, iliac/femoral plaque,
aortic plaque, renal artery plaque, plaque of any arterial vessel, aneurism, vasculitis,
other diseases of the arterial wall, and/or damage or structural changes in ligaments,
uterus, lungs or skin in a patient comprising the steps of:
a. administering to the patient a diagnostic agent comprising:

25 1. a compound of Formula (I-B)

H 1 1
A \n/ N ~ O/ L \.';‘ - D
o] D?
(I-B),
or a pharmaceutically acceptable salt thereof; wherein

A is a D-amino acid residue or a peptide consisting of a D-amino acid residue and

13



(I-B), or a pharmaceutically acceptable salt thereof; wherein Ais a
D-am no acid residue or a peptide consisting of a Dam no acid residue and
a second D-amino acid; 10D and D2 are independently sel ected from hydrogen
and a chelator noiety; is a linker; or LI and D2, together with the
nitrogen atomto which they are attached, forma five- to seven-nenbered
ring; and 2. an inmagi ng agent; and 15b.acquiring an inmage of a site of
concentrati on, ghodd®am@eREMNd i n the patient by a diagnostic inmaging

t echni que. 1n a first enbodinment of the fifth aspect the elastin rich
ti ssues are the ar‘?q«s'*‘lﬂﬁi EE‘II2 af\ﬁ/é!l*?“d?’%‘ﬁﬁ%‘?a?ﬁ‘@?ﬁ%‘{{?ﬂ?? %‘ﬁﬂﬁﬁ%‘q‘mﬁ%nts. In a
si xth aspect the presfifkedbscl osure provides a nmethod of detecting,

i magi ng, 20and/ or nitoring the presence of car.qnar | aque, .carotid

pl aque, iliac/f errdquéPd Bﬁ&@ﬁgﬁr ‘5‘8?‘5? RItTGRRLRET to N tﬁ‘é‘?"trg??f’gﬁ%a@ﬁ@? pl aque of
any arterial H&S&Sleverdf&hber&ifingyamCul itis, other diseases of the arterial
wal | , and/or damage or structural changes in |iganents, uterus, |lungs or

skin in a patient conpfisi iy PASNEIEPSIME: a adninistering to the patient a

di agnostic agent qONPr h&ulthz ar idagd of SR Bhcotralion dithéconlpotid idbdhe L1DI O N
0D2 (1-B), or a pharmaceutically acceptable salt thereof; wherein Ais a
D-am no aci d Pagpichye dipenestip ipaeingdechpiqés-sting of a D-amino acid residue and

The present invention also provides compounds of Formula (V),
RZ R3

H
P 4
R\N)QH,N\O,R
H

10 0
40

or a pharmaceutically acceptable salt thereof; wherein
R? is a hydrogen or an a-amino protecting group;
R? and R? can be the same or different and are hydrogen, alkyl, aikenyl,

15  cycloalkyl, alkylaryl, alkylcarbonyl, aryl, arylalkyl, alkylarylalkyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, heteroalkyl, heterocyclyl, heterocyclylalkyl, or carbonyl; and

R* is hydrogen, alkyl, alkylaryl, or alkylarylalkyl,
wherein each R?, R?, and R? is unsubstituted or substituted with one or more of
the following: alkyl, alkenyl, cycloalkyl, alkylaryl, alkylcarbonyl, aryl, arylalkyl,

20  alkylarylalkyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, heteroalkyl, heterocyclyl, or
heterocyclylalkyl, -NR'R®, -SH, -S(Pg), -OH, -PR"*R?, -P(0)R*'R*, -CO,H, =0, halo,
trifluoromethyl, cyano, -CO,R¥, -C(=0)R¥, -C(=0)N(R™),, -CHO, -CH,OR™, -
OC(=0)R*, -OC(=0)OR%, -OR¥, -OC(=0)N(R™),, -NR*C(=0)R™, -NR*C(=0)OR™,
NRYC(=0)N(R™),, -NR¥*SO,NR™),, -NR¥SO,RY, -SO:H, -SO,R™, -SR¥, - _

25  S(=0)R¥, -SO,N(R™),, -N(R?),, -NHC(=S)NHR* =NOR?, NO3, -C(=0)NHOR?,
-C(=0)NHNR*R*, -OCH,CO,H, 2-(1-morpholino)ethoxy, or a chelator moiety;

R!? and R* are each independently selected from hydrogen, C.;oalkyl substituted
with 0-3 R, aryl substituted with 0-3 R*, Cs.10cycloalkyl substituted with 0-3 R%,
 heterocyclyl-Cy_yoalkyl substituted with 0-3 R, Cg.yoaryl-Cy.ioalkyl substituted with 0-3

30  R%, and heterocyclyl substituted with 0-3 RZ.

R?' and R® are each independently selected from -OH, C.ioalkyl substituted with

14



a second D-amno acid; D1 and 132 are independently selected from hydrogen
and a chelator noiety; L1 is a linker; or L1 and 1)2, together
with the nitrogen atomto which they are attached, forma 5 five- to
seven-nenbered ring; and 2.an imagi ng agent; and b.acquiring an i nage of a
site of concentration of the conmpound in the patient by a diagnostic

I mgi ng techni que. The present invention al so provides conpqounds of Formula
(V), R2 Ra H RBRNa@) subkitdOOw(thd-3RZ, T ploglentiybsubstivated yita@3&t,abl e sal t

t hereof; wherein RP js a hydrogen .or 7aH] 0 | Ng: o2 and R3
can be the safEerewely “5“1‘ 'é‘f"g)ﬁ f“béﬁtﬂfteg %th%dgoggﬁ%%ﬁ%,ﬁ&guggwg%&& 052
15cycl oal kyl , RH) day heeybyclakibgtimed bohh3 REr yl , aryl al kyl, al kyl aryl al kyl,
al koxy, al koxyal kyl hkaxycar.bonyl . _heter Q; s o ,
het er ocycl yl al kyl ,ea‘g’r@cEﬁﬁ%ﬁwd?“tgﬁaleﬁﬁaefrgmh@ldg%%et#,mgﬁeW’ cg?(rLj/l aryl, or
al kyl aryl ab kyCo,R¥, -C(=0pk¥;-€(=0yuRH), REHRCHART', RACEORNs QRS+ OXAR"d or
substituted with Q. e, 0fz t e $.0l. NG ARk Yo 20 8L 24, cycl oal kyl,
al kyl aryl, a}%ﬂ cﬁtﬁaﬁiﬁ@% ﬁ éq(r 9?]& k}QIP‘WC&:g%?P%y ) ﬁ%/l (’g(:_é?l\? (?ﬂzzh’ koxy,
al koxyal kyl , mRKs@M@RMDo MR S8 erstsHkE0RTeSBH oSFRT*, -SERNR),, -
het er ocycl yl by, . _ a, (kb = 9R2 18(20) 2 H, =0, hal o,
trifluoronet ﬂb‘hié )by]glﬁgg_sj%gg@f&hq'@l , -N}@ :’O%ﬁ%g‘m{f‘( ! 0) OR24,
_O0R24, - OC 24pCRCeEYRYREbE )R oxy, CR3kyL, CoJalkeayl, Cs.cycloalkyl, Cs.
10 ¢cycloalkylmethyl, Ca.salkoxyalkyl, aryl substituted with 0-2 R*, and heterocyclyl;
each R* is independently selected from hydrogen, alkyl, alkenyl, cycloalkyl,
alkylaryl, alkylcarbonyl, aryl, arvlalkyl, alkylarylalkyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, heteroalkyl, heterocyclyl, heterocyclylalkyl, or carbonyl; and
Pg is a thiol protecting group.
15 In some embodiments, each R** is independently hydrogen, Cy.¢alkyl, phenyl,
benzyl, or C,5 alkoxy.
In some embodiments, RP is hydrogen, Boc, or Fmoc; and R*is hydrogen, alkyl,

or alkylarylalkyl, substituted with an amino group. For example, R* can be
”~
: T, HO-
NHy, NH,, NHz, o

g/W\/NHz

20

In one set of embodiments, the compound has a structure as in Formula (VI),
RZR?®

N. _R?
BocHN O

o)
(VD)

25  or a pharmaceutically acceptable salt thereof; wherein R?, R? and R* are defined herein.

*

In another set of embodiments, the compound has a structure as in Formula (VII),
2 p3
RZR

BocHN%]’N 0
0 NH,

(Vi)

15



-NR24C(=0) N(R24) 2, - NR24S02N( R24) 2, -NR24S02R24, -S03H, -S2R24, -SR24, -
25 S(=0) R24, -SM2N(R24)2, -N(R24)2, -NHC(=S)NHR24, =NOR24, NO2,

- C(=0) NHOR24, -C(=0) NHNR24R24, -OCH2CO2H, 2-(1-norpholino)ethoxy, or a
chel ator noiety; R19 and R29 are each independently sel ected from hydrogen,
Cmoal kyl substituted with 0-3 R23, aryl substituted with 0-3 R23,

C3. 10cycl oal kyl substituted with 0-3 R23, heterocyclyl-C -wal kyl

substituted with 0-3 R23, (6. 10a Clio yte -3 30R23,
and het er ocycI%ﬂaPQﬂB‘é‘?‘?“PEﬁ"@&C‘?ﬁP'taf’l%éalﬁt ?52%1 W&i‘“!ﬁ ‘% Séﬂ%‘ig Sin.

i ndependent |y sel egd gbtHer Sfof dokbodimentsOib kythpoutith Bisiafstrti@tare s infFonOuld (V2B, aryl
substituted vmth 0-3 R23, C3. 10cyc|oal]5,y| substituted with 0-3 R23,

het erocycl yl -G .| oal kyl substituted w 0-3 R23, C6.10aryl-C,,Ical kyl
substituted vvlth 0-3 R23, and heterocyc | gubstituted with 0-3 R23; each
R23 is independently sel ected from 1f| uoronet hyl, cyano, - 5
C2R24, -C(=0)R24, -C(=0)N(R24)2, - hﬂﬁ -0C(=0) R24, -0C(=0)0R24,
- OR24, -0C(=0)N (R24)2, -NR24c( 0)R24 R24c(-‘0)0R24 -Nec(=0) N(R24) 2, -
NR24S02N( R24)2 -NR24S02R24, -S03H, -S0ZREM), - SR24, -S(=0)R24, -SO2N(R24) 2,

- N(R24) 2, HR24 NOR24 NHNR24R24, -
ooRCeH, 2 (1 E%’H’&f"i“ﬂ%%‘@taﬁ“y?‘{?“e&u%‘eﬁeﬂg“’ﬁe%‘:'ﬁ‘zg| %‘féﬁ“?ﬁeé)’ 6eycl oal kyl |
C3. 10scycl oal kyl ni bnyd embGRidreehk tre weadnfoguing hay the stexghsd,i t uted with 0-2 R24, and
het er ocycl yl ; each R24 is ingependently sel ected from hydrogen,
al kyl, al kenyl, cycloal kyl, al kyl agyl, alkylcarbonyl, aryl, arylalkyl,
al kyl aryl al kyl, al koxy, al koxyal kyl z aI,.koxycar bonyl, heteroal kyl,
het er ocycl yl , heterocycl yl al Ky lgge @i~ gyl ~and Pg is a thiol protecting
group. 15In some enbodi nents, each is [ enq@_ptly hydr ogen,
Cl. 6al kyl , phenyl, benzyl, or Cl -6 al koxy. n‘some enbodi ments, RP is
hydrogen, Boc, or FBsheRBlbd¥miss, thyeQ@aRi hakiestuoe, al kyl aryl al kyl ,
substituted with an am no groypn. For exanple, R4gcan be In one set of
enbodi nents, the conpound has |a structure as in E{r mula (VI),
H H y
BocHN N o BocHN™ " "OH
o or O

10 In any of the forgoing aspects and embodiments, an alkyl group may be )20
alkyl, C).1palkyl, Cigalkyl, or Cy.s alkyl; a cycloalkyl group may be C;.;6 cycloalkyl, Cs.
14 eycloalkyl, Csjpcycloalkyl, or Cascycloalkyl; an alkylaryl group may be Ci-oalkyl-
Cs.10aryl; an alkenyl group may be C,4 alkenyl; an aryl group may be Ce.1paryl; an
arylalkyl group may be Cg.j0aryl-Ci-10alkyl; an alkoxy group may be C,galkoxy; an
15  alkoxyalkyl group may be C;.salkoxyalkyl; a heterocyclyl group may be a five-, six-, or
seven-membered ring; and a heterocyclylaikyl group may be a heterocyclyl-Cj.jealkyl.
In any of the forgoing aspects and embodiments, the pharmaceutically acceptable
salt may be any salt listed on pages 27-28 of the disclosure, or otherwise disclosed
herein.
20 In any of the forgoing aspects and embodiments, the diagnostic agent may be
provided in the absence of a counterion (e.g., as a free base).
The present invention also provides methods for synthesizing any of the
foregoing compounds according to the methods described herein. In some embodiments,

the method may comprise reacting a compound with an imaging agent to form a
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R2 R3 HBocHNN.O R4 O (VI) 25o0r a pharmaceutically acceptable salt

t hereof; wherein R2, R3, and 12.4 are defined herein. In another set of
enbodi ments, the conpound has a structure as in Formula (VMIl), R2 R3 H
BocHN NH2, (Vi) or a pharmaceutically acceptable salt thereof; wherein
R2 and R3 are defined herein. In another set of enbodi nents, the conpound
has a structure as in Formula (VII1) ph BocHNN'R4 O (MI1) 5 or a

phar maceut i calihynoatc@pital] Moot émbobiiean ttic ndligydendy Bépiise réefihg@d herein. In
one embodi nen}nien%p 1atg glrggglﬂg tccj) p@gdsucé Q gorr?;;[oil}ljcf })Hﬁee i’nvgﬂlmn. IanoNrIx;lg embodiments,
the method may further comprise isolating and/or purifying the compound and/or
diagnostic agent. The method may also comprise characterization of the compound
5  and/or diagnostic agent.

The present invention also provides methods of treating a patient. The method
may comprise the steps of administering to the patient a diagnostic agent as in any
foregoing diagnostic agent embodiments; and acquiring an image of a site of
concentration of the diagnostic agent in the patient by a diagnostic imaging technique. In

10  some embodiments, the treating may comprise detecting, imaging, and/or monitoring
elastin-rich tissues in a patient. The elastin-rich tissues may be located within the arterial
wall, uterus, lung, skin, and/or ligaments. In some embodiments, the treating may
comprise detecting, imaging, and/or monitoring the presence and/or amount of coronary
plaque, carotid plaque, iliac/femoral plaque, aortic plaque, renal artery plaque, plaque of

15  any arterial vessel, aneurism, vasculitis, other diseases of the arterial wall, and/or damage
or structural changes in ligaments, uterus, lungs or skin in a patient.

Other aspects of the invention may include suitable combinations of

embodiments and aspects disclosed herein.

20 Brief Description of the Drawings
FIG. 1 shows transaxial MR images of rabbit abdominal aorta using an imaging

agent described herein.
Other aspects, embodiments and features of the invention will become apparent

from the following detailed description when considered in conjunction with the

25  accompanying drawings. The accompanying figures are schematic and are not intended
to be drawn to scale. For purposes of clarity, not every component is labeled in every
figure, nor is every component of each embodiment of the invention shown where
illustration is not necessary to allow those of ordinary skill in the art to understand the
invention. All patent applications and patents incorporated herein by reference are

30 - incorporated by reference in their entirety. In case of conflict; the present-specification;:

including definitions, will control.
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I n anot her enbodi nent, the conpound has the structure, Phph BocHN BocHN

N. CH Oor0 10l n any of the forgoing aspects and enbodi nents, an al kyl group
may be Cl-20 al kyl, C140 alkyl, Cl1.6 alkyl, or CL.5 alkyl; a cycloal kyl
group may be Cl.16 cycl oal kyl, C3- 14 cycl oal kyl, C340cycloallcyl, or

C3. 6cycl oal kyl ; an al kylaryl group may be Cl1_10al kyl - C6. 10aryl; an

all cenyl group may be C2.4 al kenyl; an aryl group may be C6-10 aryl; an
aryl al kyl group may be C6_10aryl - Ometaﬂﬂdmm@'mal I ooxy group may be Cl-6

al | COXY; 15 al |k. C24 Kk Y
gr oup mayage a 1? i é,raeEer“Ké‘,s rgregiﬁj/‘é%tc p@ﬁn&rg@lng °¥'c<§gg’ts}ﬁ§?§?f§%§gl );I al kyl

g{rgug may be m?]th@tsﬁ[rmme lesbodiimeitth) ahethtds folr nyraheynzmg cmhpaomd:srzgxﬂongnampx@ct s and
enmbodi nents, the a i cal | cept abl.e ,s sal i sted on
pages 27-28 o?ge?tﬁgr fog’gllegs pgine S%b%cﬁ'ﬂ 'B@Mmeéhog? %&P‘eangé Hgt% epér%e pr%‘%l%d any of

t he 1;] or ggl ng B&p;ﬁﬁmﬂe , adrpoRindy) dia gieeti Sagehth @ ontpesitivms,tand kizgfendetertipg de/opr ovi ded
in the absence of a gounteri.on The present

i nvention al sS&%EPeHt é“‘ﬂ’ﬁf’ ﬁ%éaﬁg?oggc?ﬂff%der assﬂcglggdrslvh%?or?[hag plagy 6goi ng
C(r)]rrpounﬂs ac cardidplaqtie illabieniorhliptidne, dosic blahax rdnelragtery. pldgae, ptaee efithodi nent s,

t he met hod rlsereactln a c und h | oforma
di agnosti c ag%??f' STl S PR ¥ éﬁ?ﬁlétbf’l’ W&?fpdoseﬁ%%\,\ﬁ%e? ?{?d'al mp%r}ﬂn%fdgrgg rttraactl ng
annb i nt er medi ajtrictoial éatiges it lﬁgapfemdmﬁusalmgnmumdarebrovided|Im\add1tnor0rme I n sonme
enbodi nent s, ma er co | S [N 0 fying the
Commound b Grarie prtatte? BAubt dr aeiket 2 TR S ok BE b Mol i

char act er i zat the artevial wilk umtmﬂmlenp’hnﬁamudmonmcagn cesrtqdehrggem! ves§dh evatb pmgent

t I d f
comri set he SRCPE SN il kb0 SRRl dRIRRIRGRITY

any foregoi ngbwﬁomginmﬁteldescagmtprammdmermnt s; and acquiring an i nmage of a
3: ;Sngfst fgnfﬁggr ﬁt nle g%ﬁt er\wse spﬁcﬂ'gznl?ys rgoitecd If%ge(ia’r{“hei tEhnds Qgt DA ll)e‘fcm wﬁVha@e the
15 following deﬁmtlons

In some instances, the number of carbon atoms in any particular group is denoted
before the recitation of the group. For example, the term “Cg-1p aryl” denotes an aryl
group containing from six to ten carbon atoms, and the term “Cg-1p aryl-Cy-joalkyl,”
refers to an aryl group of six to ten carbon atoms attached to the parent molecular moiety

20  through an alkyl group of one to ten carbon atoms. Where these designations exist they
supersede all other definitions contained herein,

As used herein, the singular forms “a,” “an,” and “the” include plural reference
unless the context clearly dictates otherwise.

The term “alkenyl,” as used herein, refers to a straight or branched chain

25  hydrocarbon of two to fourteen carbon atoms containing at least one carbon-carbon
double bond.

The term “alkenylene,” as used herein, refers to a divalent group derived from a
straight or branched chain hydrocarbon of two to fourteen carbon atoms containing at
least one carbon-carbon double bond.

30 -+ - The term“alkoxy,” as-used herein refers to-an alkyl group-attached to-the parent-
molecular moiety through an oxygen atom.

The term “alkoxyalkyl,” as used herein, refers to an alkoxy group attached to the
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10 sone enbodi nents, the treating nmay conprise detecting, imaging, and/or
nmonitoring elastin-rich tissues in a patient. The elastin-rich tissues may
be located within the arterial wall, uterus, lung, skin, and/or |iganents.
In sonme enbodi nents, the treating may conprise detecting, inmaging, and/or
nonitoring the presence and/or anmount of coronary plaque, carotid plaque,
iliac/fenoral plaque, aortic plaque, renal artery plaque, plaque of 15any

arterial vessﬁmmaqeﬁuﬁlhsmiezy@ﬁmghiahmyl @blper di seases of the arterial wall,
and/ or damage or struct g‘rgl changes in M}lgarrenﬁtes, %@f;us, | ungs, or. skin in
a patient. O her ap&INsEPXYEHEONYhy BHYSFONTHE IR RN iBFOHBI2BAEEHSi nat i ons
of enbodi nent e pieh: AFMRGILSMEleSChroegth Atdoairoug0Bri ef Description of the

Dr awi ngs FI.G 1 shows transaxial .MR inmages, of rabbit ahdom nal aorta
usi ng an i magi ng éré‘ét‘ﬂrmdé'g\gfi%é*ﬁf’% feisy, pefers toa gr ‘@tdr‘?’é?"’da@ﬂb%f‘?,‘g?'éﬂ’bodi ment s
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20  the portion of the molecule denoted as “A” is a residue of the amino acid D-leucine.

The term “aryl,” as used herein, refers to a phenyl group, or a bicyclic fused ring
systemn wherein one or more of the rings is a phenyl group. Bicyclic fused ring systems
consist of a phenyl group fused to a monocyclic cycloalkenyl group, a monocyclic
cycloalkyl group, or another phenyl group. The aryl groups of the present invention can

25  be attached to the parent molecular moiety through any substitutable carbon atom in the
group. Representative examples of aryl groups include, but are not limited to,
anthracenyl, azulenyl, fluorenyl, indanyl, indenyl, naphthyl, phenyl, and
tetrahydronaphthyl.

The term “arylalkyl,” as used herein, refers to an aryl group attached to the parent
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In sonme instances, the nunber of carbon atons in any particular group is
denot ed before the recitation of the group. For exanple, the term "C6-10
aryl" denotes an aryl group containing fromsix to ten carbon atons, and
the term"C6-10aryl -Cl-10 alkyl," refers to an aryl group of six to ten

carbon atons attached to the parent nol ecul ar noiety 20 through an al kyl
group of one to ten carbon atons. Were these designations exist they

supersede al Im%a%ndﬁgﬂm@gp&salgp@t@bned her ei n. As used herein, the
singular fornms "a,” "an," and "the" i | ural reference unless the
context clearly diToe sgrmsanglatkylens. s as “S‘FEE""?‘ET ﬁ@’sé‘? g divgipnt aryi"’g )ﬁg’é’b"’her ein,
refers to a siheé &ittpof ofitadriRacho Gitafen?Molyliragoidtd Ribn@He mohmfaﬁwteen
carbon atons cont ai.ni n@gat | east one car bon-carbon doubl e bond. The

term "al kenyl| Bpather isan he alyylportionn,  refers to a dival ent group derived from

a straightsor br am@&dm@maylmnn@remrsamraﬁ rEfeR té &h fipirlBesuptiaiied tat o
contai ning at | east one carbon- car bonzgﬂ(tygbl e bond. 30 The term "al koxy," as

used herein rBferentmplegplanngicty thipughan ERY to the parent nolecul ar

noi ety through an 1% yea alefd]® ashiRed heéii)re f@hk@xmaaikmlaryigmpused her ein,
refers to an al kox (t:]roup attached to the arent nol ecul ar g t hr ough
an al kyl group. e Termpepeycloatio, ag uggshdipeeln fo asatpratemonofYlis; Cyc Bfers to
an al koxy grwnn@ktnammam@n hﬁ@sy@t@h&ﬁhn@ﬂﬁ&ﬂdk‘@ﬁeéﬁhaﬂky attohfsamgfer@ car bonyl
gr oup. The term"al k E’ Eed her ei n, Iugi)toa ug derived
froma st Hhi glPﬂlerQﬁm'%rRéH??FFé‘H’“(‘f"rl%ﬁaH’p 5017v5loa "rﬁfﬁﬂpéb“& Byrput are nOUIMHEE + o
“al kylaryl," ﬁscydﬁ)ﬁﬁpﬂeéﬁloﬁentﬂelfl@’ctb[S 0.1pRpwd, kyd adghais. at t ached to the
parent nol ecul ar

"al kyl car bonyl , 2@' ?Fé"éd é%‘u‘g{%“g’?%?a‘rﬁ&h"tg‘ﬂ“’éﬁﬁﬁlt?&fi“'@lf"&%d%“lnfyéé‘f?éla to the

parent nol ecul ar mmbeetxm“&ﬁm@m@}@aabmyher@mmmmtaeimoauleﬁgno pl kyl ene, " as
used herein, refers a dival ent rou riv froma straight or branched

chai n sat ur at ¥§Fg & EB?’B‘HH“’ ulgtm ‘FQtFrSHg* derc8%Bn at ons. As used
herein, thge phraserhe &finRet@tilkyl Qs ushd dérefPrnas @ aHaikel growtewherdnlofigtom a

ra sl 4 0octe) 18, S S RCLLS SEIAR, £, OTRRUNT,SOTL AT (R, gy 8 o 0 oup
especi al ly any of b eena@ha:&oalaﬂmm asddtateird) et toha alkgiehe groap whérain
that funct | ondtédo SRERPICH B8 sl art ety SrepR e BreShP UrdERBET | sm For
exanpl e, in conpound X D2 (H)
20 The term "heterocyclyl,” as used herein, refers to a five-, six-, or seven-
membered ring containing one, two, or three heteroatoms independently selected from
the group consisting of nitrogen, oxygen, and sulfur. The five-membered ring has zero
to two double bonds and the six- and seven-membered rings have zero to three double
bonds. The term "heterocyclyl” also includes bicyclic groups in which the heterocyclyl
25  ring is fused to a phenyl group, a monocyclic cycloalkenyl group, a monocyclic
cycloalkyl group, or another monocyclic heterocyclyl group. The heterocyclyl groups of
the present invention can be attached to the parent molecular moiety through a carbon
atom or a nitrogen atom in the group. Examples of heterocyclyl groups include, but are
not limited to, benzothienyl, furyl, imidazolyl, indolinyl, indolyl, isothiazolyl, isoxazolyl,
30  morpholinyl, oxazolyl, piperazinyl, piperidinyl, pyrazolyl; pyridiny}; pyrrolidinyl,
pyrrolopyridinyl, pyrrolyl, thiazolyl, thienyl, and thiomorpholinyl.

The term “heterocyclylalkyl,” as used herein, refers to a heterocyclyl group
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IDD NtH) L1 00, 20 the portion of the nolecule denoted as "A" is a residue
of the am no acid D-|eucine. The term"aryl," as used herein, refers
to a phenyl group, or a bicyclic fused ring system wherein one or nore of
the rings is a phenyl group. Bicyclic fused ring systens consist of a
phenyl group fused to a nonocyclic cycl oal kenyl group, a nonocyclic

cycl oal kyl group, or another phenyl group. The aryl groups of the present

i nvention Canar&aleb‘ib&Ebﬁ@ﬂ%l&@ldﬁ&e@&h@ﬂghdii&lllq&tgﬂoa;li moi ety through any

substitutable car n atomin the group. esent ative exanples of aryl
groups i ncl ude, o hﬁ?m?)ich‘f"t' “F’oasasﬁﬁh?rﬁ'é‘err‘? St°§ﬁiﬂ’lagm/) f1 uorenyl,

i ndanyl, i ndemgr@cyaammyhgibup, WREraYhe paiibf btdchabinde mﬁga&ttm)dlecumofe@nm
"aryl al kyI " as_ used ein, refers to.an ar gﬂc l$roug attached to the parent
nol ecul ar nm‘é‘t‘;l?“'t‘?t?'B‘EY(j Fegytion 3y thethsy j5 on the alkylpptlioge - oy w50y gl kyl ene, " as

used hereif, refermetdmansérdacBithe 2ty katkinglefrixo adihalest RReocpayint  of
attachnent to the parent nolecular noiety is on the aryl portion and the
other is on t#&"xl kyl portion. 5The term "al kyl aryl al kyl ," as used herein,
refers to an al kylmeWmOhaup asiisc@bhad, refersitb 8@ BRE1.NDI ecul ar noi ety

t hrough an al kyl group. The rm"aryl ene, d herein, refers to a
di val ent aryl gro% e e cqr "Mt%’iﬁftttyﬁefmé%-ﬁ@ga herein, refers to a

saturat ed nonocyclhe teri“Gymb,} @s used hérémgyfekyts—nwdrocar bon ring system havi ng

three to fourteen arbon atons and.zero het Repy mtatlve
exanpl es &9 cycl odPEEM g2 P?‘?alhﬁfﬁ’é‘: reflﬁft nﬁ?rﬁ‘f'?eamﬁg‘
cycl opr opyl , mb@m&iﬁyl bi cycl o[ 3. 1. 1] heptyl and adamantyl The term

cycloalkylene as us herein, refers to,a d|v ent kyl,.group. The
term "cycl oal kyl rrétst’d??de erejy 1 Sﬁe ogpLptorp ete&t’%“’ %“ﬁ@% cgaa%a)‘/:?{edgtggup

attached to th,e:aparrmtgmmﬁllmml ar noiety thr ough a -CH2- group. 15The term
"het er oal kyl , " mhe ein one to

seven of the car be['r'i’S el’ga’f‘ésﬁﬁfig%glat Og?mqoﬁé’?%?fﬂg{%%&%ql QST Bm 0, NH,

and S. 15  aspacer between two other portions of the molecule. Linkers may also serve other
functions as described herein.

The terms “chelator” and “chelator moiety,” as used herein, refer to the moiety or
group on a molecule that binds to a metal ion through one or more donor atoms. The
chelator is optionally attached to the parent molecular moiety through a linker, 12

20  Examples of suitable L? groups include, but are not limited to, -C(O)CHz-Ar-
CH,NHC(O)-, where Ar is an arylene group; -C(O)-; -C(0)-Het-NHNHC(O)-, where
Het is heteroarylene; -CH,-Ar-CH,-, where Ar is an arylene group; -C(O)-Het-; as well
as other groups disclosed herein. In certain embodiments of the compounds and/or
diagnostic agents of the disclosure, the chelator is a surfactant capable of forming an
25  echogenic substance-filled lipid sphere or microbubble.

In certain other embodiments, the chelator moiety has a formula selected from

Al
P
A A'/E X /A\ A
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The term "het eroal kyl ene,” as used herein, refers to an al kyl ene group
wherein one to seven of the carbon atons are replaced by a heteroatom
selected from0O, NH, and S. 20The term "heterocyclyl," as used herein,
refers to a five-, six-, or seven- nmenbered ring containing one, two, or
t hree heteroatons i ndependently selected fromthe group consisting of
ni trogen, oxygen, and sulfur. The five-nenbered ring has zero to two double
bonds and the six- and seven-genbereg ringshave aero to three double
bonds. The term "heterocyd'yr absg-T nChyd€s BihgyTliTgroups in which the
het erocyclyl 25ring is fused to a phenyl group, nonocycl i c cycl oal kenyl
group, a nonocyclic cycloal kyl group, or another Fonocyclic heterocyclyl
group. The heterocyclyl groups of the present inyention can be attached to
t he parent nol ecul ar noiety through a carbon at or a nitrogen atomin the
group. Exanpl es of heterocyclyl groups include, b.are not [imted to,
benzot hienyl, furyl, imdazolyl, indolinyl, indolyl” isothiazolyl,
i soxazol yl, 30norpholinyl, oxazolyl, piperazinyl, piperidinyl, pyrazolyl,
pyri di nyl, pyrrgLEQprLAE yrngQQ%éidinyl, pyrrolyl, thiazolyl, thienyl,

he

and t hi onor phal'i nyl ~AThe tesm " rocyclylal kyl," as used herein, refers
to a heterocyclyl group attached to the parent nol ecular noiety through an
al kyl group. The term "het erocycl yl al kyl ene,” as used herein, refers

to a divalent heterocyclylallcyl group, where one point of attachnment to
the parent nolecular noiety ig on the hetergcycl yg portion and the other is
on the al kyl portion. 5Thqg?érﬁh§péTéPsﬁy6lyrggef"\aggused herein, refers
to a divalent heterocyclyl” group.\The teNn "hal 0y as used herein, refers
to Br, d, F, or I. The term"carbgnyl," ak used herein, refers to -C(0)-.
The term "cyano,” as used herein, fefers to -CN PThe term "am no," as
used herein, refers to - NR19R29, erein A19 and 9 are defined herein.

As used herein, the phrase "donor atom' refers to the atomdirectly
attached to a netal by a chem cal bomrd. The term"linker," as used
herein, refers to a portion of a nolfecul e that serves as 15a spacer between
two ot her portions of the nol ecul eE Linkers may al so serve other functions
as descri bed herein. The ternﬁ\gchelatOQ;*ggg "chel ator noiety," as
used herein, refer to the noiety or 6UE\Qn/a nol ecul e that binds to a
metal ion through one or nore dongg” at ons. “he

E—A’

E
/

Al , and

o

Ad

wherein
each A' is independently selected from -NR'*R*, -N(R?),, -SH, -S(Pg), -CH,
-PRYRY; -P(O)R¥R?, -CO,H, a bond to the parent molecular moiéty, and 2 bond to L%
each A? is independently selected from N(R™), N(R'®), S, O, P(R'?), and
10 -OP(O)R*)O-;
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chelator is optionally attached to the parent nol ecular noiety through a

|l inker, L2. 20 Exanples of suitable 12 groups include, but are not limted
to, -C(0)CH2-Ar CHZNHC(0)-, where Ar is an arylene group; -C(0)-;
-C(0)-Het-NHNHC(0) -, where Het is heteroaryl ene; -CH2-Ar-CH2-, where Ar is
an arylene group; -C(0)-Het-; as well as other groups disclosed herein. In
certain enbodi nents of the conpounds and/or diagnostic agents of the

di scl osure, the chgligior is a surfactant capable of form ng an 25echogenic
substance-filled I|p|d sphere or mcrobubble., In certain other enbodinents,
the chel ator noi etd hslec dﬁam&#ﬂan%%%&)gwoﬂkﬂm 1A1 EE EE AIA EEEE Al AAA

\ E/I /6ALAI [A £i)é8d0)E; LHalyi;\ /| EA3 El
each E is independently selected from C).isalkylene substituted with 0-3 R23,.C6.
5 arylene substituted with 0-3 R, Cy_gcycloalkylene substituted with 0-3 R%,
heterocyclyl-C).jealkylene substituted with 0-3 R%, Cs.10aryl-C.ipalkylene substituted
with 0-3 R®, C}.\satkyl-C.iparylene substituted with 0-3 R?, and heterocyclylene
substituted with 0-3 R%;

E! is selected from a bond and E;

10 each B is independently selected from Cj.j¢alkyl substituted with 0-3 R3, C,.
1earyl substituted with 0-3 R%, C;.jocycloalkyl substituted with 0-3 R%, heterocyclyl-C;.
1oalkyl substituted with 0-3 R®, Cg.iparyl-C.sealkyl substituted with 0-3 R®, Cy.jpalkyl-
Ce.-10aryl substituted with 0-3 R3, and heterocyclyl substituted with 0-3 R®.

B is Cy.j0alkylene substituted with 1-3 R*;

15 Pg is a thiol protecting group;

R" and R* are each independently selected from a bond to L?, a bond to the
parent molecular moiety, hydrogen, C,.jgalkyl substituted with 0-3 R% , aryl substituted
with 0-3 R?, Cs.jocycloalkyl substituted with 0-3 RZ, heterocyclyl-C,.jpalkyl substituted
with 0-3 R, Cg.iparyl-C.1ealkyl substituted with 0-3 R?, and heterocyclyl substituted

20 with 0-3R%,

R?' and R* are each independently selected from a bond L?, a bond to the parent
molecular moiety, -OH, C,_joalky! substituted with 0-3 R, aryl substituted with 0-3 R?,
Cs.jecycloalkyl substituted with 0-3 R®, heterocyclyl-C,.jpalkyl substituted with 0-3 RZ,
Cs.10aryl-Ci.ypalkyl substituted with 0-3 R2, and heterocyclyl substituted with 0-3 R%,

25 each R? is independently selected from a bond to L?, a bond to the parent
molecular moiety, =0, halo, trifluoromethyl, cyano, -CO.R%, -C(=O)RY,
-C(=0)N(R™),, -CHO, -CH,0R?, -OC(=0)R*, -OC(=0)OR*, -OR?, -OC(=O)N(R™"),,
NR¥C(=0)R*, -NR*C(=0)OR¥, -NR¥C(=0)N(R*),, -NR¥SO,N(R™),,
NR¥SO;RY, -SO3H, -SO;R?, -SR*, -§(=0)R¥, -SO;:N(R™),, -N(R¥),,

30 -NHE(=S)NHR* =NOR?¥, -NQ,, -C(=0)NHOR?, -C(=O)NHNR**R*, -.OCH,CO:H, 2~
(1-morpholino)ethoxy, C.salkyl, Cz4alkenyl, Csscycloalkyl, Cs.scycloalkylmethyl, Cs.
calkoxyalkyl, aryl substituted with 0-2 R*, and heterocyclyl;
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[E A/ -A3\ [ Al A5 AA 5 wherein . each Al is independently
selected from-NRI9R20, Nol26)2, _ SH, -S(Pg), -OH  pRi 9R2o,

-P(0) R21- 22, CO2H, a bond to the parent nolecular noiety, and a
bond to L2; each A2 is independently selected fromN(R26), N(RI9), S, O,
P(RI9), and 10 -0P(0)(R21)0-; A3 is N, AA is selected fromCH and
OC(=0)C1. 20 al kyl; A5 is OC(=0)C1.20 alkyl; each E is independently

sel ected from Cl. k8& i isan@peidbgly stlettedifriviatalbofd B IR2HonCh-thEpmeny| ene
substituted with

-3 R23, 10cycl qal kyl ene . substituted wi.th .0-3 R23,
het er ocycl yl -@ﬁiﬁ&ﬁ%ﬂ%ﬁ% hé’??’%??"r i’%flefﬂewgﬁ%‘!a&ygf%? ‘a@i.aﬁ‘a%fﬁ“ &P’-‘Y&%ﬁr kyl ene
substi tuted wdRIQL kRS 1ali], adoky, lalkoRyaliGa aidoryarbe i Steteraatlgl] heetoydyl3 R23,
and heterocycl yl ene bstituted with 0-3 R23; ElI is selected froma bond
and E; 10eachh@°‘i}’§lyﬁ’ﬂﬁzﬁéﬁ‘ﬂﬁwlﬁy sel ected from Cl. 16alkyl substituted with
0-3 R23, . each R is independently a coordinate bond to a metal or a hydrazine protecting

group;
each R¥ selected from R, =0, -CO:R®, -C(=0)R¥, -C(=0)N(R™),, -CH,0R”,
-OR%, -N(R*),, and C,-C4 atkeny];
each R* is independently selected from R*, hydrogen, C)-Cs alkyl, pheny],
10 benzyl, and trifluoromethyl; and
R*isabond to L%
wherein at Jeast one of A, R'g, R¥® R R%, R® R*, and R*is a bond to Lor
the parent molecular moiety.
In some embodiments, each R?* is independently hydrogen, C;.alkyl, phenyl,
15  benzyl, or Cy. alkoxy.

In an embodiment of the present disclosure, the chelant is of the formula:

E? Eb ES Ed
Ala/ \A3a/ \A{ A3C/ \Ale
g
L N
A]b/ A‘C Ald
wherein
A¥isabond to L%
20 A" A™ Al and A'® are each -CO,H;

A% A® and A* are each N;
E®, and E° are Caalkylene; and
E* E¢ E, E, and Ef are CH,.

In another embodiment of the present disclosure the chelant is of the formula:
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| oaryl substituted with 0-3 R23, C3.10cycl oal kyl substituted with 0-3 R23,
het erocyclyl -d . |oal kyl substituted with 0-3 R23, C6. 10aryl - Clj oal kyl
substituted with 0-3 R23, Cnpal kyl C6. 10aryl substituted with 0-3 R23, and
het erocycl yl substituted with 0-3 R23; E3 is Cnpal kyl ene substituted with
1-3 R32; 15Pg is a thiol protecting group; R19 and R2 are each

i ndependently selected froma bond to L2, a bond to the parent nol ecul ar
noi ety, hydrogen, Cnopal kyl substitut eqahwvith 0-3 R23, aryl substituted with
0-3 R23, Cnocycl oal kyl substituted w 0-3 R23, heterocyclyl - Cnoal kyl
substituted wth 0-3 R23, C6-10arYIl-f¢ 1-10al kyl substituted with 0-3 R23,

and heterocyclyl substituted 20 withY)-3 R23. . 4R2I and R22 are each
i ndependent|y selected froma bond L2 A3a—b3§nd B tie’ parent nol ecul ar
noi ety, -OH, OCnoal kyl substituted WI /h aryl substituted with 0-3

R23, Cnocycl oal kyl substituted wi t hE 0 3 R23 Ahet erocycl yl - Cnoal kyl
substituted with 0-3 R23, C6. 10a¢ 1J al kyl jsubstituted with 0-3 R23, and
het erocyclyl substituted with #-3 ;. 2bea R23 is independently sel ected
froma bond to L2, a bond t oAlhe par e b_n:q,[zecul ar noi ety, =0, hal o,
trifluoronethyl, cyano, -CO2R24, -C(= R24 .0)N(R34) 2, -CHO

- CH20R24, -OC(:O) R240C(=0) OR24, -0R24, - = )N(R24)2 - NR24C( =0) R24,
_NR24g=0) OR24, .NR24 _NR24s02R24, - SO03H, gRM -sRz24, -S(=0)R24,

- SO2N( R24) 2, -N( R24) 2, 30 - NHC(=S) NHR24, & NO2, - C(=0) NHOR24;

- C(=0) NHNR24R24, -QOCH2CO2H, 2- (1-norpholino)ethoxy, d.salkyl, C24al kenyi,
C34cycl oal kyl , C3 BesfRiloal kyl met hyl , C2. 6al koxyal kyl, aryl substituted
with 0-2 R24, and }q@tg%og}y%yANmeeachN each R24 is |ndependently sel ected
froma bond to L2, p bond to ﬁthe parent mol ecul ar noiety, hydrogen, alkyl,
al kenyl, cycloal kyf, isahapds Lk, al kyl carbonyl, aryl, arylalkyl,
al kyl ar yI alkyl , al Kbxglcagdxww@gaaylcoﬁj koxycar bonyl, heteroal kyl,
het er ocycl yl , heteroc%ﬁ%yl all cyl, or carbonyl; 5each R26 is |ndependently a
coordinate bond t oEaEmbt #d BareeaplGHaAde protecting group: each R32
sel ected from R34, g@¢ Efmeaclccﬁ%ﬁaa C( =0) N(R33) 2, CHZOR33 - OR33,
-N(R33) 2, and C2-C4’ al’keny R33 | s indepe sel ected
from R34, hydrogen!n a@gthg@ngppﬁxy]ent q;'wsentf@ﬁlgﬁggﬁﬂhc %ﬂﬁ"‘t‘g‘i’? "%@ 'TY*‘%t hyl ; and
R34 is a bond to L2; wherein at |least one of Al, R9, R0, R2I, R22, R23,
R24, and -34 ais a bond to L2 or

E—A'P
Ala
10 :
wherein
A is -N(R*),;
A'®is NHR',
E is a bond;
15 R" is a bond to L% and

each R% is a co-ordinate bond to a metal.

In some embodiments, the chelator moiety comprises one of the following

structures,
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t he parent nol ecul ar noiety. In sone enbodi nents, each R24 is
I ndependent|y hydrogen, Ca_6al kyl, phenyl, 15benzyl, or Cl.6 al koxy. In an
enbodi ment of the present disclosure, the chelant is of the fornula: Ed
Al aA3A3b , Al bAl "Aid wherein Al" is a bond to L2; 20Ala, Alb, Aid and Al e
are each -CO2H, A3a, A3b, and A3" are each N, Eb, and E are Cal kyl ene;
and Ea, Ed, Ed, Er, and Eg are CH2. |In another enbodi nent of the present

di scl osure the chelant is of the fornula: Ea \A"- -Aid EdA" 3b AlIb / A
\ E' - A3a I/CO2H g N
\n/\N/\/N Y\N ~>
CO,H ° :——N\J\/COZH
2
HOC. _N_COH cgng
Q 5
O’P“O/ O’E*O/K\/,Ph
Hozcj HOC— o Ph
N
Hozc HO-C JN
Hozc N"\COZH HOLC N/\COZH
HO,C , of HO,C

As used herein, the terms “ancillary” and “co-ligands” refers to ligands that serve
to complete the coordination sphere of the radionuclide together with the chelator of the
5 reagent. For radiopharmaceuticals comprising a binary ligand system, the radionuclide
coordination sphere comprises one or more chelators from one or more reagents and one
or more ancillary or co-ligands, provided that there are a total of two types of ligands or
chelators. For example, a radiopharmaceutical comprised of one chelator from one
reagent and two of the same ancillary or co-ligands and a radiopharmaceutical
10 comprising two chelators from one or two reagents and one ancillary or co-ligand are
both considered to comprise binary ligand systems. For radiopharmaceuticals
comprising a ternary ligand system, the radionuclide coordination sphere comprises one
or more chelators from one or more reagents and one or more of two different types of
ancillary or co-ligands, provided that there are a total of three types of ligands or
15  chelators. For example, a radiopharmaceutical comprised of one chelator from one
reagent and two different ancillary or co-ligands is considered to comprise a ternary
ligand system.
Ancillary or co-ligands useful in the preparation of radiopharmaceuticals and in
diagnostic Kits useful for the preparation of said radiopharmaceuticals comprise one or
20  more oxygen, nitrogen, carbon, sulfur, phosphorus, arsenic, selenium, and tellurium
donor atoms. A ligand can be a transfer ligand in the synthesis of a radiopharmaceutical
and also serve as an ancillary or co-ligand in another radiopharmaceutical. Whether a
ligand is termed a transfer or ancillary or co-ligand depends on whether the ligand

remains in the radionuclide coordination sphere in the radiopharmaceutical, which is
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\Ea Ala/ wherein: A3d, A3h, A3c and A .311 are each N Ala is a bond to L2;
Alb, |c Aand Aid are each -CO2H, E, Eg and Et are each CH2; and Eh, Ed,

I n anot her enbodi nent of the present disclosure, the chelant is of the
formula: 10 wherein Ala is -N(R26)2; A NHR19; E is a bond; 15R19 is a bond
to L2; and each R26 is a co-ordinate bond to a netal. I n sone

enbodi nents, the chelator noiety conprises one of the follow ng structures,

(co,. 0 H 02Hjetermined by the coordination chemistry of the radionuclide and the chelator of the
reagent or reagents.
As used herein, the term “‘diagnostic agent” refers to a compound that may be
used to detect, image and/or monitor the presence and/or progression of a condition(s),
5 pathological disorder(s) and/or disease(s). It should be understood that all compounds of
the present invention that contain an imaging agent are diagnostic agents. For example,
a compound of Formula (I-A) wherein one of D' and D? is an imaging agent is a
diagnostic agent.
The term “diagnostic imaging technique,” as used herein, refers to a procedure
10 used to detect a diagnostic agent.
The terms “diagnostic kit” and “kit”, as used herein, refer to a collection of
cbmponents in one or more vials that are used by the practicing end user in a clinical or
* pharmacy setting to synthesize diagnostic agents. The kit provides all the requisite
components to synthesize and use the diagnostic agents (except those that are commonly
15 available to the practicing end user such as water or saline for injection), suchas a
solution of the imaging agent or a precursor thereof, equipment for heating during the
synthesis of the diagnostic agent, equipment necessary for administering the diagnostic
agent to the patient such as syringes and shielding (if required), and imaging equipment.
The term “imaging moiety,” as used herein, refers to a portion or portions of a
20  molecule that contain an imaging agent. The term “imaging agent,” as used herein,
refers to an element or functional group in a diagnostic agent that allows for the
detection, imaging, and/or monitoring of the presence and/or progression of a
condition(s), pathological disorder(s), and/or disease(s). The imaging agent may be
bound to the diagnostic agent via a bond, such as a covalent bond, an ionic bond, a
25  hydrogen bond, a dative bond (e.g. complexation or chelation between metal ions and
monodentate or multidentate ligands), or the like. For example, the imaging agent may
be a paramagnetic metal ion bound to the diagnostic agent by chelation of the metal ion
to a monodentate or multidentate ligand (e.g., chelating moiety) of the diagnostic agent.
The imaging moiety may contain a linker, L°, which connects the imaging agent to the
30  parent molecular moiety. -Examples of suitable L -groups include straight or branched -
chain alkylene groups, -C(O)-, and the like.

The imaging agent may be an echogenic substance (either liquid or gas), non-
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metallic isotope, an optical reporter, a boron neutron absorber, 2 paramagnetic metal ion,
a ferromagnetic metal, a gamma-emitting radioisotope, a positron-emitting radioisotope,
or an x-ray absorber.

Suitable echogenic gases include a sulfur hexafluoride or perfluorocarbon gas,

5 such as perfluoromethane, perfluoroethane, perflucropropane, perfluorobutane,
perfluorocyclobutane, perfluoropentane, or perflucrohexane.

Suitable non-metallic isotopes include e, 4, PN, lgF, 1231, '241, and ‘%I

Suitable optical reporters include a fluorescent reporter and chemiluminescent
groups.

10 Suitable radioisotopes include PmTe 95Tc, ", ¢y, “Cn, 6"Ga, *Ga, and
13Gd. In a specific embodiment of the present disclosure suitable radioisotopes include
p, 2Cu, %Cu, *'Ga, ®Ga, and 1**Gd.
Suitable paramagnetic metal ions include: Gd(III}, Dy(III), Fe(III), and Mn(II).
Suitable X-ray absorbers include: Re, Sm, Ho, Lu, Pm, Y, Bi, Pd, Gd, La, Au,
15  Yb,Dy,Cu,Rh,Ag, Irand L

As used herein, the term “metallopharmaceutical” means a pharmaceutical
comprising a metal. The metal is the origin of the imageable signal in diagnostic
applications and the source of the cytotoxic radiation in radiotherapeutic applications.

The term “radiopharmaceutical,” as used herein, refers to a

20  metallopharmaceutical in which the metal is a radioisotope.

As used herein, the phrase “pharmaceutically acceptable” refers to those
compounds, diagnostic agents, materials, compositions, and/or dosage forms that are,
within the scope of sound medical judgment, suitable for use in contact with the tissues
of human beings and animals without excessive toxicity, irritation, allergic response, or

25  other problem or complication, commensurate with a reasonable benefit/risk ratio.

The compounds and/or diagnostic agents of the present disclosure can exist as
pharmaceutically acceptable salts. The term “pharmaceutically acceptable salt,” as used
herein, represents salts or zwitterionic forms of the compounds and/or diagnostic agents
of the present disclosure which are water or oil-soluble or dispersible, which are, within

30 - the scope of sound medical judgment, suitable for-use in contact with the tissues-of-
patients without excessive toxicity, iritation, allergic response, or other problem or

complication commensurate with a reasonable benefit/risk ratio, and are effective for
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As used herein, the terns "ancillary" and "co-ligands" refers to |igands
that serve to conplete the coordination sphere of the radionuclide together
with the chelator of the 5 reagent. For radi ophannaceuticals conprising a
binary Iigand system the radionuclide coordination sphere conprises one or
nore chelators fromone or nore reagents and one or nore anci I | ary or
co-ligands, provided that there are a total of two ty ges of ands or
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i magi ng noi ety may contain a linker, L3, which connects the inaging agent
to the



30 parent nol ecul ar noiety. Exanples of suitable L3 groups include straight
or branched chai n al kyl ene groups, -C(0)-, and the |like. The i mging agent
may be an echogeni c substance (either liquid or gas), non- netallic

i sotope, an optical reporter, a boron neutron absorber, a paranagnetic
metal ion, a ferromagnetic netal, a ganuna-emtting radioi sotope, a
positron-emtting radi oi sotope, or an x-ray absorber. Sui t abl e
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The term “sterile,” as used herein, means free of or using methods to keep free of
pathological microorganisms.

As used herein, the term “bacteriostat” means a component that inhibits the
growth of bacteria in a formulation either during its storage before use of after a

25  diagnostic kit is used to synthesize a diagnostic agent.

The term “carrier”, as used herein, refers to an adjuvant or vehicle that may be
administered to a patient, together with the compounds and/or diagnostic agents of this
disclosure which does not destroy the activity thereof and is non-toxic when
administered in doses sufficient to deliver an effective amount of the diagnostic agent

30 - and/or-compound:
Asymmetric centers exist in the compounds and/or diagnostic agents of the

present invention. These centers are designated by the symbols “R” or “S”, depending
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their intended use The salts can be prepared during the final isolation and
purification of the conpounds and/or diagnostic agents or separately by
reacting a suitable nitrogen atomwi th a suitable acid. Representative acid
addition salts include acetate, adipate, alginate, citrate, aspartate,
benzoate, benzenesul fonate, bisulfate, butyrate, canphorate,
5canphor sul fonate; di gl uconate, glycerophosphate, hem sul fate, heptanoate,
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diagnostic agents. When a bond to a substituent is shown to cross the bond connecting

two atoms in a ring, then such substituent may be bonded to any atom on the ring.
When the imaging agent is a radioisotope, the compound may further comprise a
first ancillary ligand and a second ancillary ligand capable of stabilizing the radioisotope.
30 A large number of ligands can serve as ancillary orco-ligands, the choice of which is-
determined by a variety of considerations such as the ease of synthesis of the

radiopharmaceutical, the chemical and physical properties of the ancillary ligand, the rate
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As used herein, the phrase "stabilization aid" neans a conponent that is
added to the netal |l opharmaceutical or to the diagnostic kit either to
stabilize the netall opharnaceutical or to prolong the shelf-life of the kit
before it nmust be used. 10Stabilization aids can be antioxidants, reducing
agents or radical scavengers and can provide inproved stability by reacting
wth species t hat degrade ot her conponents or the netal | opharmaceutical .
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25  polyethylene glycol, sodium carboxymethylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers, polyethylene glycol and wool fat.
According to this disclosure, the pharmaceutical compositions may be in the form
of a sterile injectable preparation, for example a sterile injectable aqueous or oleaginous
suspension. This suspension may be formulated according to techniques known in the
-30-  art using suitable-dispersing or wetting agents and suspending agents.- The sterile-
injectable preparation may also be a sterile injectable solution or suspension in a non-

toxic parenterally-acceptable diluent or solvent, for example as a solution in 1,3-
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15 because of steric hindrance or ring strain, may permt separation of
different conforners. The present disclosure includes each conformational

i soner of these conpounds and/or diagnostic agents and m xtures thereof.
When any vari abl e occurs nore than one tine in any substituent or in any
formula, its definition on each occurrence is independent of its definition
at every other 20 occurrence. Thus, for exanple, if a group is shown to be
substitut ed wintdhe@ioR ABRéhg thdwteptabled/ehicles ind@iventpibaDnat beyeniptoysdifast i t ut ed
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of stibot |t uents DA ShOR P e Pelegisk SinuHin PG oy e

conbi nati ofs #@dsiduth agvlst adid sddsEpeeddilcAvatliiay archisafuh inshe prepageion sf \VWhen a

bond to a substituent is sho to cross the nd connect.ing,two atons in a
Pone  Chan’ s ubicelES bs 112 Bl s R A O IS SR T Sk R o

When t he i magéspgriagamiheir polfoNyautiyviaicd @émipas. Thése oit Sslintuns dr simpenfiotstaiegr conpri se
a first ancillary |Iigand gnd cond ancillary |igand capabl e of
stabilizing tH¥ ﬁﬁf"gqalgﬁ'%ﬁ@.a??ga q?lﬁ?'ﬁgr?cffﬁ?ﬁsé?t' of ligands can serve as
ancillary or co-| iigasakscasdsheepatdiigas tof doshirgitate sf thiceon)iha dthdbig seeswoar i ety of
consi derat jons, such as the, ease of synthesi,s of ,the radio [ eutical,
Che ehor 4, "Srira o RRe ey heone el Bt Bste iy PSS ARl BN TRRERA S o
formation, théeciaeldractiondf ploeimboung kgaat arndsonech@plomisedts bilf-lifeerr esul ti ng

radi ophar maceuticals, t bility to inister . said ancillary or co-Iigand
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2nd ' poph | | resrmsntliliof AR dniRanabisy HARRs callps s e fonetin
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"t shourd al BenCERTRRE Ak B pimfisbied el Btnige B AHRESRBL T o agent s of
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solution b BAALIRGE Ui CONBORLAONR AN oKl LRI AN
depi ct i on&’ helPEPHAUNS Soplaliiipg cony ?ﬂp%uﬁﬂ% Andl oG aGhosTT @ agent s of this
di scl osur e arsjwhntpard vebiclear TieoedoTparehicealiSasiseddhreekin mniudesfsosowmpecns,her
conformations. and ionic for of those ¢ ounds . or., di tic agents
are envisi onelt A e et M alR5G, SRARSHALS, AR AT, 7 2TFY
accept abl e caintralepaic, mttplesiant smdantcheraehl mjeesort dyanfusientedmiqueed i n t he
phar maceuti cal conpesitions of thig di re . Lnc e not limted
to, ion exchangers, eé’lag%“nﬁsa?re a?rﬁltrq‘f’ﬁﬁrﬁ%‘%@%ﬁ%ﬁ%éﬁ%‘%ﬁgﬁ? %ﬁhﬁéggé%uﬁer ot ei ns,
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gl yci ne, sorbjc_ aci ot assi um sor RIS
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and suspending agents. If desired, certain sweetening, flavoring or coloring agents may

also be added.
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pol yet hyl ene- pol yoxypr opyl ene- bl ock pol yners, polyethylene glycol and wool
fat. According to this disclosure, the pharnaceutical conpositions
may be in the formof a sterile injectable preparation, for exanple a
sterile injectabl e agueous or ol eagi nous suspension. This suspension nay be
formul ated according to techni ques known in the 30art using suitable

di spersing or wetting agents and suspendi ng agents. The sterile injectable
preparati on may alAseriagvely, Whes hdr@inisidtedGh &bk&mﬁkﬁﬂpbﬁﬁn@d’foﬁtéS@lenSi onin a

nont oxi ¢ paren erally ccept abI e. di l uent  or vent, for as a
Colut s on P TadsminSigihn S adict compemuadts ab Bipeiovar ey B ERIEST vont s

tﬂ;’it rrgy bel eﬂiﬂl@ﬂﬁﬂag@ﬁt&v]wﬁilabl&diﬁiﬁﬁtat&g&ﬂhpi’éhﬂﬁht andtid Sth(ﬂﬂtempSl@dlthm
C oride sol uti

..,I'n addition, J, X oils are conventionally
enpl oyed as ab‘gg‘ﬂwgﬁ'treﬁ? ‘W&F‘i‘fg&‘ﬁ‘ég’ﬁ "?—“gtrmfhr‘hr%‘"‘“ﬂm"pr(?@ e thedug,) and
f5| xeg oi | Sfﬁysmmaﬂal By&d;dt:ﬂ@doudhmbliydﬁahﬁgdﬁocliiwﬂ&bne_@ryc&bm ycerldes FatLy
aci ds, such as olgic ts iceride derivativyes are us in the
preparation of i nj%SGPEE%Bg’e’ P ?@agﬁ'gffﬁa?mli?ﬁ'&wfef’éi*af i\!‘é‘i?sl“?’%aé’ 5b| e
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sat ur at ed (}‘\Ath&ﬁr odrug and activated agent. This |eads to a decreased
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tolerability as vvelroblcﬂSapplhﬁn@i‘ fbethta lloven aratiod rhdi eartigafifected in arbede
ci rcunst ances i.nject t rodru en onj unction
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parenterally, i nhal at i on a opi ly...recta buccal 'y,
vagi nal |y or %“‘ﬁsng tP%‘gdé?é'BﬁlfS%?thond’égﬁé’ngW'éﬁ W@?é?lag%dgt%ont ai ni ng
convent i onal fg&ﬂtsbﬂﬂﬁis(ﬂlspﬂﬁal’rﬂﬁﬂﬁdé ibaedré yetmaﬁewtoablhrerataﬂ,rllqardspetradjmyant s and

incl udes, subcut angous,

hi cl es. The f. ' t I [
Vet avenous. M EHeBREY AP fie g0l PFROREYEhf R R BRR SRETRORRE ast er nal
i n]E rat hecal , hémlfxazlmgpwxlaﬁd watet. rm&?mat@giw thaﬂdnharmtmtﬁ:a!rcﬁ»mpahtmmjtcﬂcﬁd on or
usi on techpi ni st ered or arnaceutic
Conposi 11 B BRRRELing TR b St ssainny dfts GatoROG a0y
accept abl e dogisgbred wame bmbmdahmgmcéwtally@hcebtahietcadeﬁsoSuxmp&a}res mdlmlal ets,
agueous suspepsi ons | ut.i ons or ol use,

carriers t hat PRPE Reenisaty RindR L Pl ediGed shEReBhn ol B e
Lubricating agegtacarguaichhadsl- magdmbnmm beregl ddohol aadevaakso typ| cal |l y added.
For oral adm nistr nac e for. usef ugft LLng ude | act ose
and dried corn stglapﬁ?P 'ﬁuieqﬁ%(?ﬁ%m?ﬁeugg%ﬁ g‘ﬁgs B gaﬁq?%dasfor or al
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benzylalkonium chloride. Alternatively, for ophthalmic uses, the pharmaceutical
compositions may be formulated in an ointment such as petrolatum.
For administration by nasal aerosol or inhalation, the pharmaceutical
30- compositions-of this disclosure are prepared according to-techniques well-known in the
art of pharmaceutical formulation and may be prepared as solutions in saline, employing

benzyl alcohol or other suitable preservatives, absorption promoters to enhance
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Al ternatively, when adm nistered in the formof suppositories for rectal
adm ni stration, the pharmaceutical conpositions of this disclosure nay be
prepared by m xing the agent with a suitable non-irritating excipient that
is solid at roomtenperature but liquid at rectal tenperature and therefore
will nmelt in the rectumto release the drug. 5Such materials include cocoa
butter, beeswax and pol yet hyl ene gl ycol s. As noted before, the
phar maceut i cabiofAIRRY,flu8RRarBbnst ddfr Gih:CdoRFaatiGnalBiubMiz J2Qispéhthg)i St er ed
topically, especially when the target of treatnent includes areas or organs
readi |y acces¥B¥e by topical application, including the eye, the skin, or
the | ower intestiNgl afnb@fbf acivé fr@RURn{RANGS be EQRITHEAIORS catid niateidis| Y
prepared for each of these areas 1Qor organs. i.cal appljcatjon for the
e dap edrd 1

( To
| ower i nt est i Rdrodupeasingledpsage fars Wil vy dependineaipp Nt W% o1 nul at i on

(see abovey O?aﬂi:ﬂul@nﬁnﬁé seRlfnienesm A e/pitdl pégatition REIPEdhBHd i AR s%ral
patches may al so be used. For topical apﬁll(l cations, the piggr ma%eutl cal
1caily, omg

conposi tions MY & ahveeamponpd (Hwh Tivp sugbipseraratipheARta Rihg t he

active conpongm, cS4bsRBOHELI R cotips®fd. ved in one or nore carriers. Carriers
for topical adm nistration of the conpqunds and/ or dia%gnosti c agents of

this disclosure i rfor iifavenpysand plesfypesiof pdniaigtratign, aereplably dogy nanges fanes §
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pol yoxypr opyl ene conpound, emul sifying wax er natjvely, e
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cream cont ai Niygight! FRerPRbre VicaPRIHOREBLS (FOISP eBAe0l | ¢imslikg @l Rdndsh one or
nore pharmaceut|cally acceptabl e carriers. . Sui t%‘g’l }e%{; rri(grs [ ng)g#de, but

are not |imt Bacelgosshitheaghivegpgredieny cpmpoypd T apdiopberfdbe 60,
cetyl esters wmwpikgetearyl al cohol, 2-octyldodecanol, benzyl alcohol and
wat er. For ophthal mc us ar naceutj cal olggrodsoi tions

,, the may he
fornul ated as ZSmQﬁ‘B‘?ﬁki@d agyanwilappryeiate oM T 5% thagjthrse \éeﬁ’t%dt erile
saline, ons tyivemkl Ve reqsiredOBpdciRosdgd rdghfiénd forGny partiadyrpatiencwil dxpérlde
saline, either with our fWitho,ut $ﬁ£reservat 'tt\(]e su.?.h as beg%l @I kdophl um
chloride. AltER®2RGLY 9f fagtgrs. BntiRGIngAHVIX g5the sRREGRAPAMIBE GpIRgTd. the
conposi tions Agybdde Welpht] gkt dedlth s@tbs Bex|(dietHimesdf @midgstridn; ateadfum  For
adm ni stration by nasal a rosorLangr i.nhal ati o the%ﬁp(arnaceuti cal 30

BatiprAnd ihe J

conposi ti ons BFTHRP-LrE O B gé‘iFQF‘édedatE"@B? F8- t echni ques

we: | - known in tlhe mﬂersqfs?fahamﬂea;ﬁ@aiai i?ﬁbfldié]g,[x]]mlﬂcagéxﬁ’taﬁamds mi&yoﬂgleclmeemar ed as
solutions_jn saline,, oyi.n enzyl _al cohol or other, suitable .

or eser vat 20 esa 3 FOosPB ot ERe Spi5oSaifae a7 5Pa, 4 FaPTRSt st

f 1 uor ocar bons candRdH@E iDhe ehire v PAdemadopsial ubi | i zi ng or di spersing agents.
The anmount of actiyve j.pgr.edi.ent at . may be. cophined.with the.carrier
materials to prodL}é@leﬁ RGP S'CFSé"gb“e‘h?B'%erOPIO §$V3We$8ﬂﬁﬁﬁj§mﬁ§5 ¥t he host
treated and theluBprut hieGiol anhitedne enasiitoh dactore Sbibatbli, Oextrad) Fidolj andl pr epar ati on
will contain fromﬁboui{ 5% about 95% active conmpound (wWw) . Typically,
such prepar at PORENYRERlidine YFh about 20% to about SO% active conmpound. For
i ntravenoags and otdigbitidaiigegddafsefarifiti [Fépadtion 6f disghogfttagilticand dkitethegofjes r ange

include but are not limited to ascorbic acid, cysteine, monothioglycerol, sodium bisulfite,
sodium metabisulfite, gentisic acid, and inositol.
Solubilization aids useful in the preparation of diagnostic agents and kits thereof
inciude but are not limited to ethanol, glycerin, polyethylene glycol, propylene glycol,
.30 - polyoxyethylene sorbitan monooleate, sorbitan monoloeate, polysorbates, -
poly{oxyethylene)poly(oxypropylene)poly{oxyethylene) block copolymers (Pluronics)

and lecithin. Typical solubilizing aids are polyethylene glycol, and Pluronics
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from about 0.001 to about 1.0 nmol/kg of body weight, with the typical dose
of the 10 active ingredient conpound ranging from about 0.001 to about 0.5
nunol / kg of body weight. Even nore typical is fromabout 0.01 to about 0.1
nunol / kg, and the nost typical dose of the active ingredient compound is
from about 0.0001 and to about 0.05 nunol/kg. As the skilled artisan wl|
appreci ate, |lower or higher doses than those recited 15above nay be

requi red. Specipblymegbosage regi mens for any particular patient will depend

upon a variety of factors, ipcluding the activity of the speciflc conpound
enpl oyed, the age,éa&?HW‘%ﬁ’sﬁﬁ‘ffn tgﬁepngaéﬁtlloﬁggé’fWOg/caﬁgﬁg? a’@&t?ﬁﬁfegt, tinme of
adm ni strat i omcindahe affnotfitedttd Béhzyltildcofolc beraal@ifiun® chlede, dhiebytabedit of t he
treating physi C{ha]:;: l Bu&fers useful in the preparation of diagnostic
agents and ki PSTYnBPBYPT PHERIREhut 20are not linited to phosphate,
citrate, sfil fosal ifydmgodentaididiaggeiiiilat cafal3® sveansrpliah end fusdtioaal be found in
the United St atdes Phar rraccigoei a. bi .L%{.olgl)hj I iéﬁf? on aids useful E}J n the
preparation of U HEARSNCARaAERESS & FADIFAION pided RLlET 720 815G SEVR T2 YT ot
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pol yvi nyl pyrrolidige (PVP).. 25Stabiljzation aids useful. i.n th reparation
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Serve iore than ontepint AR ine da-ER RSN i B VAT foticigh
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s Fortn o sl iy e AR oo B niie MM or EBE o list s Mo i

formul ati on aviel cletatsrand puekhghd/ foashippingérymayf beaoamralemsdr, ensed thapackige i n sone
cases speg&fi%é‘rpr t hat conponent and in 10 ot her cases dependent on the
anount of “anot her conponent or the presence and amount of an optional
conponent . | n genef-ady,cobtiret agems, wkttasaumd woitrast agec imdosarpbpkanhadesticatsefor t hat

w il give the pred.. . i -he Sir ef f of the
formul ation i %Sgt(';%lg? &[%ngfffr%%%eﬁ%flé{ggg%g%%%e%wcag#rgg;ﬁ dlfggl}ezeélgg ﬁ%gnd'lE g{énost iC
agent and havfnahfimngia Gemnletoncionteaed gipivally infvat viahes aihagiysphilized gdittorcan be

injected saf ei:yaq-\:&tug scﬁutpo%t 'Tﬁgénd%gg r@éolnLtitWesot‘ﬂ: ﬂ(%philized solid with water or saline

25  and withdraws the patient dose or simply withdraws the dose from the aqueous solution

A%

formulation as provided.

These diagnostic agents, whether for gamma scintigraphy, positron emission
tomography, MRI, ultrasound or x-ray image enhancement, are useful, inter alia, to
detect and monitor changes in cardiovascular diseases over time.

30 -+ - Methods for synthesizing the compounds and diagnostic agents described herein
are also provided. In some cases, the method may comprise reacting a compound and/or

intermediate described herein, to produce a compound and/or diagnostic agent of the
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15di agnostic informati on about the disease state of that patient. The

di agnostic kits of the present disclosure can also contain witten

instructions for the practicing end user to follow to synthesize the

di agnostic agents. These instructions nmay be affixed to one or nore of the

vials or to the container in which the vial or vials are packaged for

shi pping or may be a separate insert, terned the package 20i nsert.
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g_os e fromsg hehﬁﬂé&@(&\i\tﬁnéﬁhuit%v@,rh Hyaroxehitatiaa mrd&ﬁﬁyfb dqéh, and amine, Jhse

i agnostic agents 1et her, for gapma scingigraphy, positron e i on

t omogr aphy, wﬁ?ﬁ-&‘bﬁ%‘ﬁ?}ﬁélaﬁm&@ 'ﬁaﬁeﬁﬁﬁﬁg@ﬂﬁ%éﬁgﬁl“,gt% aﬁ’g’g%'me i nter

ggi a, ht 8 dfet eﬁﬁth@@ﬁiaﬁﬁiﬁh&ﬁmﬁh@d’lgﬂaiﬂgIﬁr&d?&fﬂt;iﬁ\é@gstﬁél&aﬁpodhc&ﬁﬂﬁﬁﬁiagnb@ﬁc time.
Met hods for synthesizing the conpounds a i.agnostic a S

descri bed. her 8%t %ﬂ‘éxﬁ?@%%bF]b‘\‘?Wﬂ'Qggp}Wr{e§o “’Eﬁgigg",“atf’ﬁfé&%%ﬁg@’ may conprise

reacti ng a g;)B@ﬂémﬁhtiaﬁ,dﬂ@dtiohﬁoﬁéﬁf&?ir&&ien,dﬁ&théilibedl‘lfe&ﬁ@li:dﬁ,metyalslprcadptﬁsﬁ a o

conpound and/ or di agnosti ¢ agent e. inventiaon. For exa e met ho

may conprilfe F@éf’(?fel"‘%’dmﬁc't@ﬁﬁ%[}??é‘" r&f?@??ﬂ&?g?ﬂﬂﬁ'd@?ﬁ‘ S‘?"St’?'g%f% »agnosti c

agent, as desea#dthenkéherein. I n anot her exanple, the nethod may conprise

reacting an interngdi ate | ecul e. to produce co nd of the invention.

In sone cases, the 1fPEPHEGS rﬁﬁg%oc;ﬁnf%genléyfﬁgpxgg%g%cgw% rising a

Shydr oxyl am neregigtéd follbwing therdtydlirevdasiribeditdreln. I shiyie caxq dicempsingr, and

amne, or the ljke. Qther internediate | ecul.es are described herein,

i ncl udi ng t he Qstic W@t’-ﬁ@wfoséfnﬁﬁ%‘/zegg?{ FHerng ﬁ‘ﬁf‘f’?’ga“]“éeoq%ﬁi’qt'ﬁrawéthd/ or

pﬁr ifyingis hﬁa eﬁw@ugtdu;azlndﬁ &Ma ﬁi&gﬂﬁsﬂddga@gmm;, ekter, oethe ik, Imi fobiya

chr omat ogr ap e.g., co chr t.oqgr ap PLC),, crystalljzation

filtration, ng‘%‘@ﬁg‘a EFacEr ngﬁﬂ cr{eﬂ‘@qlsp‘i}:‘gtﬁﬁ'ﬁo@&ﬁﬁi’tﬁ%‘d&ﬁﬁv& YESAY o i se

10 char act er i matetyonittof hidhexykanmealerdataa (¥.@r HANOR hasbinctha gahidxamatereaies

spectronmetry, NVR, and the like..The.c ounds /.0 i agnpsti c.agents of

the present disOMESHFE t@gﬁdﬁé%gﬁgﬂ‘&%ﬁgﬁ“%% %Eggﬂ%‘{%&'b%gﬁfi‘?"éémﬁ scri bed

herein. In sonme cases, the conpound and/or diagnostic agent nay be

synt hesi zez\g b)é couql ing a hydroxyl am ne derivative with 15a carbonyl group

such as a<Car BE¥MEil. acid, acyl halide, ester, or the like, to forma

hydr oxamate ester. For exarglgs Scheghe 1RShows t hg? gdndensation of a

carboxylic acid noiety with pdr oxyl g pe deﬁi V, VAN (&R%g., HZ2ZNOR4) to

formthe hydroxamate esffX’| [ some cases, thd“tydr okyl 8ni ne derivative may

be substituted with a chel ato noiety. 20 Schene 1 ©

In some embodiments, the compound and/or diagnostic agent may be synthesized
by coupling hydroxylamine with a carbony! group to form a hydroxamic acid, which
25  may be further substituted with, for example, a chelator moiety. As shown in Scheme 2,
reaction of a carboxylic ester moiety with hydroxylamine forms a hydroxyamic acid,
which is then substituted at the oxygen with a species comprising a leaving group, i.e.,

. Y-R", wherein Y is a leaving group and R* comprises a chelator moiety.

30 Scheme?2
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In sonme enbodi nents, the conpound and/or diagnostic agent may be

synt hesi zed by coupling hydroxylam ne with a carbonyl group to forma
hydroxam ¢ acid, which 25 nmay be further substituted with, for exanple, a
chel ator noiety. As shown in Schene 2, reaction of a carboxylic ester

noi ety with hydroxylamne forns a hydroxyam c acid, which is then

substituted at the oxygen with a species conprising a |eaving group, i.e.,
Y-R4, wherein Y iRsRa |l e INBg K oup a conpri gegs a chel aR R® pi ety.
.......... 30 Sch mgounds an I af nostl_c_ag_en.ts Rérein

may al so be s§mrhes zed usi ng var i@ h&#s known in thé art to form
car bon- car bon bonds® car bon- het er oat om % bonds, and the Iike. For exanpl e,
portions of the conpounds and diagnostic agents may be bonded to one

anot her via am no,_ et her ggtgl oet her, i oest er % m de, .thjiourea, or

other I|inkages. | r-oSteRndszagdiagnop a@ﬁ'&? ets‘éfr‘be Freinymayglso be to the
conmpound or dhsafgnaﬁbusen@lgﬁakndmﬁnm atith &ﬁmlcaﬂblsﬁg@bonm@s@cmoﬁewrmm skill

in the art_wou ble to sel ect suitahle nmetho 105nthe3|2|nga
conpound of dP%vgﬁ i Ls@eForw SHERA GO0 i camBRs ?ﬂéa%"@no% S

met hods for cwmnueagoaﬂa dhBtha£ Vil Smidb, dliep{thid&Ber, 3, dio& et laaﬁkiemtcﬁra‘awrl y
bel ow, may be d in the cont eXLhSOI. t he i.nvent'b E to fo m an lg@sde | i nkage
F §

between porti B‘E%’?'B{‘agfﬁe‘“é%‘ﬂbﬁ’&?ﬁd OFJRYEY M2y R emded forhe oo

al kyl ation OfdiaghoﬁlcCa@Etﬂlvnthaanddllrﬂbgerray be used to forman ether or a

t hi oet her, respec veI xanp] e Qn of san al kyl
speci es conpri si n(jl1 ‘éﬁ(ff g‘fﬁgﬁ‘d‘“‘(%‘ you Sh%ﬁ % tots‘f}g‘i}lsmmﬁ‘l?é’gﬁthogﬁ Tt he 1ike)
may resul 10i nsyfnméﬂﬁhg berﬁﬁouﬁd Hralidgnbetic wpnhdviig alpartieakahknkage) diok btem@ld,wl

group, i.e. er.. In.sone enbodi ments n i agnostic
Spent " nomgtedtiblinealbin s SR PP CierBEn e Ao trer gy Bhr  ous

met hods knownusedhirt thecamteit oﬂtlmhumlmagtoanmamyd:ﬂm Magamweﬁlpoﬂneﬁmm an am ne
noi ety and a i sot hi pcyanat case reacti on
oy bt 1 ZARPRPR AR B oot s ARRAGRITEH tcttta Bl Rl pheny)
et hers, thi OEﬁda&f(benﬂﬂdethHrhEﬁ ﬁnoethy:r Ii'ﬁﬁmwﬂy‘l E&freﬁaﬂip]é;lreﬁﬁdm dfa tifiel \g:h an
acidic nu eo h|| %‘f SIF’E} allcohok ﬁ\ﬁgér‘gresence of
di et hyl az |c Gl 5't°§C 5’§§T°(5’P 1RV s RFPT- Of Pt woul d be
abl e to sel ectesilhia fc&mpﬁmmﬂa&b@d Isan@éeamﬂnhhioahmmﬂ diglabkyf grbu;uske athicthpar ti cul ar
application. 25 For reacti an_ al coh d a phenol under
W ESunobuconthPPERESRag T B rearamanpyelbie e fey BePs i Biufebor ween. an
al cohol an a Rlﬁcra@@wichemﬁ!&l fdrmeed listhhridjllderhoM ltrﬁwn(hbmeamnﬁhlﬂidmgm may
produce an es or _thioester resgectl nds and di agnostic

P ont < aoncr  iliftuiitoR BEY Sl ars AR PY B s spbiosyagRE TR L or 1 F nieaag 1
sonme enbodénents, Iasqaimpdamhawms&mbereaampdwbaﬁ)ulszjﬁdttdne:smz@ddd)yn@subl i ng of

5 PhOSPhonL o it SRR B SRR nd ok ReBES © 00
nucleophile (e.g., an acidic nucleophile) with a primary or secondary alcohol in the
presence of diethylazodicarboxylate (DEAD). Those of ordinary skill in the art would
be able to select the appropriate nucleophile suitable for use in a particular application.

25  For example, reaction between an alcohol and a phenol under Mitsunobu conditions may
produce an aryl ether, while reaction between an alcohol an a carboxylic acid or thiol
under Mitsunobu conditions may produce an ester or thioester, respectively.

Compounds and diagnostic agents described herein may also comprise a
phosphonate ester linkage. In some embodiments, a phosphonate ester may be

30  synthesized by coupling of a phosphonic acid and an alcohol, for example, in the
presence of DEAD or dicyclocarbodiimide (DCC). Additional methods for synthesizing
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phosphonat e esters are described in, for exanple, Savignac, P. et al.,
Modem Phosphonat e Chem stry, CRC Press- New York, 2003, the contents of
whi ch are incorporated herein by reference. Qther nethods for formng
car bon-carbon bonds may be used to synthesize 5conpounds or diagnostic
agents described herein, such as olefin netathesis. As used herein,
“netathesis” or "olefin metathesis” is given its ordinary meaning in the

art and ref er gpdsphoRate BRER &@E\esrcﬁ@egtlh(}'ﬂréxamwelﬁbtgﬁ%oP re@aICtM(ﬂEmS peci es
exchange partners in the presence of a transition-metal catalyst, according

to the formul &@E@M—Qﬁ@éﬂ%r@%ﬁet%ywn@% Qﬁér@’éﬁo‘c%ﬁ‘%ﬁfn" d§H e bond
between the twWoheaes ha8ndpeGidieand ethyl ene as a 10 byproduct. Exanples
of different kinds_ of netathesis reactions including cross t at hesi s,
ri ng-cl osi ng net atPtegimethods ﬁ’@f%ﬁ'&ﬁqarﬁ’oﬁ’@?%?‘h%p%ma%@y&ﬁ‘@%? HZ°net at hesi s,

al kyne net gt hgghun®RY BRagBEEddaRS dsscrifddthelchsilch k€oleflVRb@@bsisy ,Asr[ﬁédat hesi s
reactions are performed in the presence of a netathesis cat aég/ whi ch may

conpri se rut hBﬁ‘ﬁF‘ﬂnf“eFﬁg'le?BdenGWﬁ“ Bietaghspig sie giyen is Qgdinanymegpiag infhe YLidr at i on

catal yst, G URBRSs (02RMerHies SRS whxhaivdkdssting s liHseﬁdh rs/iﬁttl)e Schene 3
RaHC=CH2 + RaHC=CH2 cat al yst RaHC=CHRa + HZC- 2 20 cat%Lg/
cross-couplin i ounds an
| i ngrepeaskeafiagnasippymetplcatalyst, aecatding o theéo SH%‘s'i‘ in §5perg ds and
di agnostic agejing aE%o@ml Rubldbyhd Beahded &R tBeakitiglspaids @A Mhilknewahi ous
species in the presence of E% aIt cat aI yst to forml i nkﬁ%es i ncl udi ng

bi aryl et A8r sbypsedul |Expranles %fl “(‘%"“B“‘S reaelions ineluding cE9ss; ene

derivatives), nRi@e8s nng-eﬂsth@ﬂneiathkﬁs rﬁé%ﬁ&h@&n&ith&fspﬁ‘?cli‘ﬂiﬁelmme&aptl ons
suitable for use in the context f t he éS{l i ncl.ude the U | mann,

Sonogashi r a/ Calst"ted“%‘tﬂee\?’ér@yn%% esig, ppd R‘ica R’aﬂ‘ataﬁ‘f"ﬂ%tca?"é’f‘%ftr%d
reactions. Thegenabd il praeyceSt b Hetatl‘fésﬁs Betal gt twhiehlha4) dampilkd rathesiugel ect t he
appropriate reactants, catalysts, gactiqn condijt o%‘ﬁ lz%nt hesi zi ng
a particul ar BOYPAINmY SRR CoF Ql'i“g sstnema arsadetoft’fa B Reni stry
may al so he usRslyd Schyel HesdlED). corrpounds and 30 di agnoitic agents descri bed
herein. For exanple, "click" chemetry may be.utilized, wherein a [3+2]

cycl oaddi ti on between an azi de-containing species and an al kynecont ai ni ng
species may fgepne 3t ri azol e |Ii nkage between the two species. Such reactions
may be perfornmed under mld conditions, Q’g wi th high tolerance for a w de
range of functionaRgr-amps+ RPHC=CHp seﬁe—-case@l,-rcubmbconpelbmd:l-er di agnostic
agent may include a peptide, polypeptide, and/or peptidom nmetic, which may
be synt hesi zed using various known 5net hods. Generally, pepti des,

pol ypepti des and pdgtli-dalizedtrbssoaplingetotiganed alsy belepd it the syntigsis he

al pha-am ne of the C-termna I.dye ably
protected am RO HCTE aflﬁrhg%rbohhca %'?atf)t Fcc)f Qﬁ%ﬁ%@@hﬂ@?ﬁ&a é‘r%&ﬁix’t’i'(tps descri bed.
Thi s depr ot ecvariwns spedesio il fresgnaerof e ental entalgst todfpealiddgesitdhidingivargesi r ed
sequence 1S Ob arls raeg%')lenes a e%@%&ls r{Q % gt%np %d%WrJnQBMt1%ss Qretngse arvd e tituent

anino acids in
hke Examples of cross-coupling reactions suitable for use in the context of the

25  invention include the Ullmann, Sonogashira/Castro-Stevens, Heck, Stille, Suzuki, and
other related reactions. Those of ordinary still in the art would be able to select the
appropriate reactants, catalysts, and reaction conditions for synthesizing a particular
desired compound or diagnostic agent.

Cycloaddition chemistry may also be used to synthesize compounds and

30 diagnostic agents described herein. For example, “click” chemistry may be utilized,

wherein a [34+2] cycloaddition between an azide-containing species and an alkyne-

containing species may form a triazole linkage between the two species. Such reactions
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10 or condensation of fragnents (two to several am no acids), or

conbi nati on of both processes, or by solid phase peptide synthesis
according to the nmethod originally described in Am Chem Soc., 1963, 85,
2149-2154. The peptides, polypeptides and peptidom netics nmay al so be
synt hesi zed usi ng aut omated synthesizing equi pnent. In addition to the
foregoi ng, procedures for peptide, 15 pol ypeptide and peptidom netic

synt hesi s ar enfd¢ € pdrResed uhd&t RNPIohdidibsh A Wig highadlednRTasewile phpaer
Synthesis, 2nd Ed.,. Pierce Chem cal Co., Rockford, IL (1984); G oss,

Mei enhof er, ¥RLSOUPSEds. | The Peptides: Analysis, Synthesis, Biol ogy,
\P/ol . é, éh 3, 5, amio%e ca@@s?ﬂx@?&ﬁj_pdﬂh%&ﬁc&aé\%!ﬁcﬁ@éd(ma%k&fﬁe aaﬁ&ewé,YBoga?iggéj
epti de Chemi stry: . ractical Textbook, i nger - Verl ag, w_Yor ;
and Bodanszkyp‘élﬁ’éqp?‘fle'*F'Pijz"'?ﬁp‘lﬁr"&‘t’??ttfewg‘Fh F“@gg’? ﬁ’gt FRASIa ¥anoBs KRqWe -~ ver | ag,
New Yor k (398dkthods. Generhilg peidpy, boigpdpaisvead pépidormimelics A€tlehgdREbyat i ves, an
am no acid and a peptide, pol ypegti e or, gegtfjﬁdo 'metlii‘_g t wo pept.ide,

pol ypepti de oFeRsERtna diialnbpprine0 tegning}rosiqyg apd cqupling the gexpuitadly o ot j e
pol ypepti de OpropRRY aMRidiabR ithéugharpep@iedmkideading te nutsodgdatardargiscoupl i ng

pr ocedur es suah as the azide net h(?d, . m xed . car bonJ&c, cid anh &EI%@

25(i sobutyl cAPRSPIEISP ARt pPlRgPrRsAdure i rERsARC Mt dhe( F*E@é?%lﬁ%%?ﬁv F¥di i ni de,
di i sopr opyl carhgdbipknglan WRIpeM&ined with theopstidantmtihé Midies ) staplibodshiact i ve
ester (p-nitrophen%llé est f N- hydr oxysucci nj c |H1 do es{]}gr?’o éh d, Wodward
reagent KlPret AbtPrIusstion sy fregmenisdardp severa Ao apfinlssompiaat 85’3 Hs such as

BEJP- a, bo(r]I Othdiaésis&[brrl:@dbl@‘d pHage p&mmgnth&ﬁRC&ﬂigg tbasemat?.sdm@naﬂlgs peci al ly
t he carbodiimde), can 30 enhan e ition o
1- hydr oxybenzB?sF\z‘%Fgldﬁ“éAﬂf%ﬁ"?’ﬁ F‘o&%gvgyagg%éﬁggt riazol e. These coupling
reacti ons may be pHicfpepiigesl pelybdptitied dnd peptidomimetict mayialsh i sanmgsi2ed usiig a- sol i d
phase, such as polystyrene or a-suitable.resin (vide infra). ... The
functional gr Bﬂg@a‘g‘f%%“@%%‘i“i‘wght‘“aﬂ‘?'H?P tgéli'eoémg?'"%tr?f%ﬁf ST BTt i cs are
1oL 2, chptoticuaopsaniping st s gk o, 1
I . . I )
Protective & gg‘?ﬁ Pigﬁ‘f"}@%&(h‘isg’ %ﬂ?ﬁ#’hz}éfir ?&?B‘r‘ﬁiﬂ ex?-r g?/&g’r%&ﬁéwsﬁéga%sé’r sey
(2007) and Th%ﬁp&ﬁﬁzeﬁﬁaﬂl E’c&igz"he Bep%}ﬂﬁig -helsﬂyﬁs, Sﬁit@ds?,g&ialog’ﬂlvOl.a, Z,Acla,dem' c
Press, New Yor 981) .. T az ou t -t ernna
resi due may b&" ’joai"'@ HPIES NAY S8tk 1 Sh ?éﬁéa%&%@%’gjﬁv 8@'8’"@?/ t he
ca[ EOTW ic ?CiP&;ctila_JlG‘Eﬂbd@)ﬁcﬁﬂpiﬁiﬁgdr{\&rlgg,m&mshYbrﬁfilb%dE'mllc( Bbdaﬁdzkg{;bzt@tsrit@rg E uch ias
met hyl and.t-hutyl; .ar esters s as, benz substituted benzyl,
or 10 (3) 80t oPeiditia Pk B SRy RN R0 B et or i 1 g
reflggti \ée means su?’:]eoa%ﬁ{ngibet!wleafmta!nﬂoaﬁtdd_ @i!@ﬁh@f;ty.hmﬁ'ﬁlg@dtiiﬂandapeptidelt,nblt he
solid phase case, t.he C-term.nal ami no.acid is.. ac 0.an insql ubl e
carrier (usu aP?'yPeBBF"y%fth/P‘é‘{?&"!‘&Fh‘évé’@ ePtt‘u%oP‘ﬂmegt‘%‘acf’ P Fpgﬁgm%eﬁ'f Eﬁaﬁmg%g roup
that wi |l reaet thatdizitios ofapdpday bolgpeptife bipepridomimetixorad bevtinddd dus usisnbl e tg
Tt O e bR 5l AL 10
or br onmongs hy (issbasi chlorbfotnammakidiy tarb@biimide (diegkletekyleareddiiyidet esi n.  Many of
Lhese 1 e511e B Sxf Bt Sl orVALLARMR SR BERHESS g ! e,
typically prot(saitresheng.ester, Nohydeystidcific diildo @stpr) eiethod,i Wigpdyari page iy
protecting o oug, kot i e R edB phR e e ek QIR 52 8b-cif1g5E 27 e

oxidation-reduction method. Some of these methods (especially the carbodiimide) can

30 - be enhanced by the addition of 1-hydroxybenzotriazole or 1-hydroxy-7-azabenzotriazole.
These coupling reactions may be performed either in solution (liquid phase) or on a solid

phase, such as polystyrene or a suitable resin (vide infra).
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(1) acyl types such as fornyl, trifluoroacetyl, phthalyl, and

p-t ol uenesul f onyl ; (2) aromatic carbamate types such as

benzyl oxycar bonyl (Cbz) and substituted benzyl oxycarbonyl s,

1- (p- bi phenyl) - 1- met hyl et hoxycar bonyl, and 9-fl uorenyl 25 net hyl oxycar bonyl
(Froc); (3) aliphatic carbamate types such as tert-butyl oxycarbonyl (Boc),
et hoxycar bonyl, dii sopropyl net hoxycarbonyl, and allyl oxycarbonyl; (4)
cyclic al kyl carbafa@iRuddbPEousb¢ the R8nstirehiQRERY 61 %6Y &S Q8N hmiRéks are
adamant yl oxycar bonyl ; 30(5)al Kyl tyPeS Such as triphenyl met hyl and benzyl;
(6) trial kyl siypisaly riptertechduring fhgeppajing Foagines fwaldmeﬁrﬁ Randesmedenedy t ypes
such as phenyfjdy:oedind %ﬂ%hs @Rdaslbd Hed 8eGicled QYbireene, ProtectiveXFHog! in@- am no
protecting groups are either Boc or Fnoc. 1 ng_acid or am no acid

Ma
m netic deri vAt§arisSyeisisalohy %k&%&%&*‘%kﬁﬁ%@%@%? Rerdires: dpabysis.

comercialdy §ydetialifogyT V6. 8-Adldc Pread wétvimk%mnp is cleaved prior to
the coupling of the next am no 5aci d. V\ﬁen the Boc group i s used, the
met hods of choi ce Bee-eartorylrgaé deiCienaipg resifigmay be protegied Ry 8k e ththne, or

HC in di oxang, plheafeasdihivd mgp?mnkhﬁi%s lebe fx'atleah@rgraﬁytnrcﬁhé;zed ei ther

prior to the coupli n? orin situ wt asi ¢ solutions such as aqueous
buffers, or t@pti akyl estrrnuch pymethdiandt-bitet hane or di et hyl f or mami de. When

the Frmoc grougyi S_ag&ﬁ%ﬂcrsffsma§§&ﬂﬁ@5§s&f3titﬁﬁ@ibﬁﬁyﬁ&e pi peridine or _
substituted piperidines in 10 dinethylformam de, but any secondary am ne or

aqueous ba8i c(330l \estewsrikat eanrbeisieaypddy mild-hasqfeqatangen midhreflictivgmeana qudds at a

tenperat ure bei RGN BReda@PBd STPEr at ur e. The ami no acids or am no
si d [

acid mnetics bearing e chain functionalities are typically protected

during the prepar d ol hesrcatse BeiCiermisplignaasidds ataskeddp sy estlednt i i ed
groups. Thoseczskirlhsaslly gotyshfend). ThiddelihsoRBRY BftcAl Bntafh@l gréupana Qe fhéion and
15use of appropriate protecting groups for these side chain functionalities

wi |l depend upBhthesarbexrl soum o farmpa bend whichde ptablpdathe ¢lengation sondisiensdat of ot her

protectings gr QUAS didavéd1BieP HXbinpiRs inBRhY PRI réln MeRRRhE RAIsER1 980y /. The
sel ection of such a protecti n[g group is inmportant in that it must not be
Al

removed duri ngrg kéemesy RO&d800 shigrapr dimanmethy! esing droxymathylgednatd. 20For

exanpl e, When,BaembifylGas MardyQF tHeSiere@nPdit BfinRérGhIBE4valibid With thebsied Ng
protecting groups are acceptabl e; p-toluenesul fonyl (tosyl) noieties and

nitro for argtriemnal yeino peid akkady eerppratedypst i t ut ed benzyl oxycar bonyl s,

tosyl or trifluorcgeelhind Soup ¥HaBPamiREBAY Is tRicaRl 'o¥dtecRBL £F. SbySdach as
cycl opentyl for glutam c and aspartic acids; benzyl ethers for serine and

t hr eoni ne20 beazylinogirbtesting geubs Ay protedtinpegroun knewh &t be at mag be used.

2- br ompbenzyl g sl%?ﬂﬁ\éée Jor tyrosine; p-nethylbenzyl, p-methoxybenzyl,

acet am donet hyl, "benzyl,” or tert-butylsulfonyl for cysteine; and the indole
of tryptophan(itan aeylttypss sush a$ fotmylumifluotoecstyd.phthelyprand podlesdesmfonyla f or nyl

group. (2)  aromatic carbamate types such as benzyloxycarbonyl (Cbz) and substituted
benzyloxycarbonyls, 1-(p-bipheny!)-1-methylethoxycarbonyl, and 9-fluorenyl-
25  methyloxycarbonyl (Fmoc),
(3)  aliphatic carbamate types such as tert-butyloxycarbonyl (Boc), ethoxycarbonyl,
diisopropylmethoxycarbonyl, and allyloxycarbonyl;
(4)  cyclic alkyl carbamate tyvpes such as cyclopentyloxycarbonyl and
adamantyloxycarbonyl;
"30 "(5) alkyl types such as triphenylmethyl and benzyl;
(6) tralkylsilane such as trimethylsilane; and

(7)  thiol containing types such as phenylthiocarbonyl and dithiasuccinoyl.
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When Fnoc is chosen for the a-amne protection usually tert-butyl based
protecting groups are acceptable. For instance, Boc can be used for |ysine,
tert-butyl .. 30ether for serine, threonine and tyrosine, and tert-butyl
ester for glutam c and aspartic acids. Once the el ongation of the peptide,
pol ypeptide or peptidomnetic, or the elongation and cyclization of a
cyclic peptide or peptidomnetic is conpleted all of the protecting groups

are removed. For tfgichll dbthio PRAGENSHOLIRAK dithbd BocRi Bin6E.t Magy Giifdifsd g e
renoved in whatever, manner as dictate bP/ t he choice of protecting groups.
(~

These pr oceduffigo agidmiastic derivarines syitablhrrateetrd for aeptidssynthesis e commprslly sol i d
phase synt hesigildtge Used to synthesize a cyclic peptide or peptidom netic,

t he peptide or peptidom netic should be renoved fromthe resin w thout

si nul taneously r enfd%erignipe BoEetngmopivElpyed pithie hECPYRYARPE BF RuthAmipAat ni ght
interfere with;d hongygd B@@@F@ﬂs RS ﬁlfthtzmtb?cm%i%eeérg.eaﬂqsa%aesi@a&a neat or

peptidomnetic I1s to be cyclized in sol ution, eavage conditions need

to be chosen indidhlorgmethane for HE! imdiexaper Bisguliing ammeniyng saltés thennertradizet oup ar e

generated wt ' : j BlichtaS GhilebS: WFIONRS -
Al ternativel y%mltulthpe&%{eggﬁ g@%ﬁ%ﬁﬁ@%% Hr%gtc?%lﬂﬁ%s/ be r eér[‘)"ved fromthe resin

by hydr azi nol \ggiary, amings in giekloromehreaprigimethdfogmangide. nWherpthe Fmaegmer isver y

conveni ent Mg Gnd Byh 8PcHRE aftdpifcRamt 8 QbstRAPA hil§RiiRs iPept i dom metics on
an oxime resin, followed by intranol ecul ar nucl eophilic displacenent from
t he resi n]0 whiigkthyHermamidg: b any segendpry apigstdr gaucgys hasis solidnms fn heqised.

(Tetrahedron £&fdeElofctidni? ParriéPout Qjﬁgmﬁé}gtﬂl)e-bewihlgﬁﬁmdqadtﬁ@nfp%iufb. i's

enpl oyed, the Boc protection scheme 1s generally chosen. Then, a typical
met hod for renovi ﬂglegma@ eidapranpporibmimgicybetipssideemdindiordlier yes
treat ment W t fr@nivasess difing MR ipRipRiafich FARH fepi@&Susiig @Ry 8sthéli met hyl sul fi de,
ani sol e, thioanisole, orp-cresol at OC The cleavage of the peptide or
pept i doni met | ¥oypidentiicd ey elThosedifsHiishe art Byl epprrsiatebptdhe ssleefignagd such as

trifluoronpt haesptRmite prfidctths Eolipsusy RAE &idk Shahf futlctiinXlitis @81 depend upoknusual
am no acids used in this disclosure can be synthesized by starjdaré) met hods

famliar to t¥eawingjasidopgming agif mimetic and presenst pf Qies Profcpg EPYS iPht hesi s,
Bi ol ogy, Vol . pe‘éti%d? B%&},aaél&%epmaﬂﬁmcc TRE S3cotioN6MudiPs Srofed@fdlokdup i Al Kyl
e 25 p

am no aci ds can repared using procedures described previously
(Cheung et at impogant imthatdyyapst notihg yemovsd durgigdhe depeqicstipgypid cappligg of the oy g
Chem, 1982, 48minblrouplne chelator is selected to formstable conpl exes
with the netal i1on cthosen for a particular application. Chelators for

di agnost i 0r adi oplFar emaowle wber Bocds ehosal ferthe ¢-amind prowertinnahd fellewing| exes wit h

Such a5 1. - BDETedDue B geBBRE Rl BNy L Bt mdB R bidihec: 2T BSOS
for copper anagigmk] icnrnloxyoarbpet sestitugdbendytoetyfartonyldi tasvl ortdfludrpaskigl for
rrngzggm zg: g?g%ggég%%&r#g? gs,térg gu@ﬂ%ﬁ&b@&f?}l%lﬁéhﬁamic and aspartic acids; benzyl
ethers for serine and threonine; benzyl ethers, substituted benzyl ethers or
25  2-bromobenzyloxycarbonyl for tyrosine; p-methylbenzyl, p-methoxybenzyl,
acetamidomethyl, benzyl, or tert-butylsulfonyl for cysteine; and the indole of tryptophan
can either be left unprotected or protected with a formyl group.
When Fmoc is chosen for the a-amine protection usually tert-butyl based
protecting groups are acceptable. For instance, Boc can be used for lysine, tert-butyl
30 ether for serine, threonine and tyrosine, and tert-butyl ester for glutamic and aspartic
acids.

Once the elongation of the peptide, polypeptide or peptidomimetic, or the

42



di am nedi oxi nes, and hydrazines. The chelators are generally tetradentate
wi th donor atons selected from nitrogen, oxygen and sulfur. The thiol

sul fur atons and the hydrazines may bear a protecting group which can be
di spl aced either prior to using the reagent to synthesize a

radi opharrnaceutical or nore often in situ during the synthesis of 5the

r adi ophannaceuti cal . Exenpl ary thiol protecting groups include those

listed in G egpgradffandildizatRnQl & 6§d1i¥¢ Peffaide BPseplidontHrgaidis CorByleled 815 bthe JOhn
Wley & Sons, New Jersey (2007). thiol protectin roup known in the

An
art may be usB@ECHnEEIMPEaresgmeve-of O%lPedi"é‘@tHhﬁﬁs thﬁﬁég?ﬁeﬁeﬂ Pt G e not
limted to, theol& ih Wik mAG aiHiciaiRB bl e chdiCEMpZABid 9 pRUBYY I These
1- et hoxyet hyl , benzoyl, and triphenyl et hyl. Chel ators and chel at or
noi eties for BEedUITREE ! krownh@ithnsf 6'%!'%1.'“{@?%) , yttrium (e.g. 86Y & 901/),
and | ant hagi des ( ewgen #5dlid pHake syfhedis ishsedad SyniBtikd 4 dycliap@rigebect ei from

cyclic and acyclic polyam nocarboxyl ates such _as DTPA, DOT@ DXBA,
2- benzy| DOTA, peptidomimetic, the peptide or peptidomimetic should be removed from the resin

al pha- ( 2- pheng{hotd dikuttanborkBr eRbviAs ProetiRdRsigs HOS-filnoR6 R foufs Ratkiight _
15tris(nmethyl acetic)acid, 2-benzyl-cycl ohexyl diethyl engt riam nepent aacetic
acid, 2- benzy@er%teﬁ’é'fw QWA?" Biggess.” Thus, if the peptide of peptidomimetic is t be

6, 6" - bi S| N, N, ciiNd-ih it 0BE BOXMFRIORNIEOAS iRed®BbE thosertsuch trat a free

am no- 4- net hoxyphen){l) -2,2':6",2"-terpyridine. Additional chel ators
suitabl e f®r esabpwithndiafiee fraong srrp agesraryiphiitiont dngtanpopslyfFmaysie
5,362, 475; U. gmerlpdi&dthg gﬁups@ Aﬁ%ﬁmﬁ?&?y, 1R Hptider pEFRUERImNG may bORMo&D, each

of which is incorporated here by reference in its 20entirety. Procedures
for synthesi zfrpg theresinbyhydraginglysisand thep ceunisby dhsazide sieshody A0 VAR e can be

found in J Chgfivens9f mefBd iﬂvavéfsrtﬁa@mheéi%%,epﬂdes ddaiiddRhinefdionaabainfehem
1991, 2, 187; J. Nucl. Med., 1990, 31, 473; U.S. Patent No. 5,6 064, 956; and
U S. Patent Nesingolioeedpymiragpelaqulgs nugepeilis @‘SRI??E'BF‘ISGE"H’(‘_@%FE’H'@T%}“B‘V ref erence
Inits entlSreééﬁera{EQQCﬁQQ?EBtﬁ@bi RBtidRRI8c QlerRUAIN Lehbrsi1996,udes al | the

| i gands or grgfzgs bound to 25the netal. For a transitjon netal con‘g{ ex to

be stable it red &t YWhen thepxapgoesin isamubey e hfBec nroteqiion schgme draeBsall onms)

conprised of aRsiNtiggeh r,gﬁc.%%eahoa hRfenRivirR QR chdi® prdtedik drogs ghiftaaliyor equal
to 8; that is there are to 8 atons_bound to the netal and it js said to

have a conpl einolvesdreameat vidhanbpdranseHF eostaining addityshivale asdimpby! syifidect i ni de

series metal GEMN BXoanfshie, JIBidsoltay PP afHeleldatine Bf 0 PEidR 81 peptiddmbimegs (nunmber
of donor atons) 30conprised of an integer greater. than or e'g al to 4 and
B

| ess than2@r eapplso be accomplishpd by ptaeragidrgaggita sugh pytriflgorgmatpan ¥ to the

metal and it L8d/8@ubrobRudaNEmt&ePl et e coordinati on sphere. The requisite
coordi nati on nunber for a stable netallppharnmaceutical, c | e IS

det ermi ned by the Wysw ppipo geids ppsd @) thigdiselosyre %ang’iis ]qu’éFng)Pﬂ‘Fé?rdand t he
type of donor yRinedSamilibr toffsé BiGhadlif the AR Thd W rids OMn BB isaSyntHabis, Bido@} OB
necessary to stabilize conpl ex rdi nation

t he met al, by ¢ Ietir]%it:s 00_8
sphere, the cY8k &inpadfoft% pratemiq RregsoNew JOBHIBEIH MaHKYABINg AL 8E her
l'i gands, ber mpRpAatisidgdrdbediresGRsdribS@pdsious iChBunzanaRICan. Heren! eem, &, er ni nal
or chel ati ng. CAnci || ar)a/1 Ilg%nds A Li are conprised of one or nore hard
donor at oms s 0@ Feeidingerel@h, a e dfiete 18%% FHg€h (sp3 hybri dized). The donor

atoms occupy at | emglchQater i9fciddta 18 fdrRAStablk coMpleRaith tRinkt@Ios veéefop{ t he
radi onuclide netal; the ancillary | |%and A LI, serves as one of the |igands
h

in the |igandP&tjeVasapplication, Chelatsts fordagnogicy adip eukicplp areselpgleddop it 10 are
not limted tgnWataBle codlpiecy 981R thd @aBRSopdIGhd HAG itaiRable g8fima ray or positron

am nocar boxyl ates. A | argg nynbey of, sugh I_gggargpls_‘”@re_.aval | abl e from
commer ci aP0sofpisaans, suchas™ Mpciw afy drbx {ent®i gandS%i ncl ude |i gands t hat
coordinate to the @Riadrs foP Bopph 4H Ghlitdh idoRspes ark YelecYBRANJiBkAIMOIihAIQMS .

Exanpl es include but are not limted to: glucoheptonate, Iuconag‘i%15

2- hydr oxyi sobFP)easize-mengamigdedithiols, triamide-mogethios, wonoagyngedipmidermonot
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15mal tol, Kojic acid, 2,2-bis(hydroxynethyl)propionic acid,

4, 5-di hydroxy-1, 3-benzene di sul fonate, or substituted or unsubstituted 1, 2-
or 3, 4-hydroxypyridi nones. (The nanes for the ligands in these exanples
refer to either the protonated or non-protonated fornms of the |igands.)
Functional i zed am nocar boxyl ates include |igands that have a conbi nati on of
20 ami ne nitrogen and oxygen donor atons. Exanples include but are not

limted to: i glam@dliogeks, Gndbydtzings. SFHd ABhIBRRAFORhAALCleRfletate Mithidohsit i aceti c

acid, NN - ethylenedi?nine di acetic a iq N,.N, NLet hyl enedi gni ne triacetic

aci d, hydr oxy&Pmysdecifd| r@ﬁ’éﬂﬁr%ﬁﬁ"r?é‘y%‘?’ia&gé‘lf“& Eilﬁtgi,oi H%‘ FPRE WA enedi ani ne

bi shydr oxy phenrydraings inBebeat I protedaigBgrodOwhitiien bt gRpEsdielihdr pAGE QxAgAEeS T ef er

et brs | o haBRRSLE rPLRYBR g e i P BB g o

form stabl ¢ coepidopRsmatdulicgpar anagnetic nmetal ions, such as Gd(II1l),

Dy(l'l1), Fe(lll), and (1), are selectep fromcyclic and clic

pol yam nocar boxyl aﬁ:@glplggf(’lhloggro@qtg&,grw—mc ugghase | éﬂé‘h@ﬁ‘-‘ vuts,

al pha- ( 2- phengtdpeddelGrdugs. it Orbdlid HameAs YSHORDE L 86&; New 388582007). 4Ary 10-tri s

(nethylacetic&ﬁﬁid, 2- benzyl - cycl ohexyl di et hyl enet ri ami nepent aaceti c acid,

2-benzyl- 6- me P[oﬁﬂy)g, gravﬁ%kn& in %Fg.l[t ml,aN,bf\ris,e  Examples of thiol protecting

tetra( _Cg_r bOXygiatqwﬁkgiemmgh\ysibl)miéémé,ahmgm%mgq-awmmmahﬂnyI )-2,2':6",2"-

t . t , t t t t

br ov! ded. 1heboTERHURRSH) EOMAVFOR: BT H SR MRFBIREIa compoand or

di agnostic agent dugRtorded chaiied Moibhesdordat ahls anddiasduk/ i g, ativiage of a

G agnost i o i gk g € S L BRS¢ e B GoUHRY MO IBEAE FReeRBt i on,

i magi ng, and/ eyclimid dc@lic pelyahineladtsdxlylatek kheh a DFBALSOTA, BOPAS1-Bédkzyl- | ncl udi ng

andror 11 gancRPI® Aoyl ot uteredendneients bt tiobec oot ton,

i Irmgi ng, amd/ @i&s(melﬁmldcarcbamfﬁ_, Q-fb/extzljlBcﬁl&&@{lﬁi&hﬂ&ﬁiﬂfni@ﬁ&ﬂﬁcet&facmol-@éllﬁ&bl

bl aque. 1opi afesF DYy, sl NS en e A Daub ey e

di seases of tQfinautmdthoxlphenyl)-2,2a60 aerpghading eAdditionhlrctielhtorsalitabRafog@s ir N

from the bl ootiereniombar areipedin PSR SPp 5P BESF AU PREC bcodur o,

since the car gidacSHaaoN@ag60/250,leashad whiniiginestpdrated hie By fefiaare il t hat one

desires tg?lna e. F ective arteria t ar get
ou

to 15back ity DB It top Senheboing s SRSt i Ao aa Py dettis ) o

a[) e tygi gal | yeagrbe #&uat Q. Calérfiaioc.tkbrlabms.llﬁz, I,ymsgﬂfdc%nj@cﬂéﬁw.,m?ﬁqu?l L 0
t . 0, t ; t t

D oent df sal adure, Mt ko S o SE b ik aETE A P RUR IS LG T pon '

about 5% . d. 4,85%177cablooft whiclsis iricbipetitdddire byeefsrencadn ithemtireipuse nodel . I n one

embodiment i agnOst, ¢ AR Ron spherd o¥imd S Retudts S 2 Tighutis B YSups b305a ' ©ar ance

25  the metal. For a transition metal complex to be stable it typically has a coordination
number (number of donor atoms) comprised of an integer greater than or equal to 4 and
less than or equal to 8; that is there are 4 to 8 atoms bound to the metal and it is said to
have a complete coordination sphere. For a lanthanide series or actinide series metal
complex, the metal typically has a coordination number {number of donor atoms)

30 comprised of an integer greater than or-equal to 4 and less than-or-equal to10;-that is -
there are 4 to 10 atoms bound to the metal and it is said to have a complete coordination

sphere. The requisite coordination number for a stable metallopharmaceutical complex
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20 that result in |less than about 2%i.d./g at 1 hour post-injection,
nmeasured in a nouse nodel . The i ndium copper, gallium and yttrium
di agnostic agents of the present disclosure can be easily prepared by

adm xing a salt of a radionuclide and a reagent of the present disclosure
in an aqueous solution at tenperatures fromabout O C to about 25100 C
These radionuclides are typically obtained as a dilute aqueous solution in
a mneral acid.desfifedsy thyidémie)fakd dlemdt,tits ogidadonSitike atidithe §pé of doilére

radi onucl i des are nmbjned with fro 0 about one th val ent s
of the reagen?‘%mﬁfﬁ%ﬁéhﬁi‘tg%@ﬁi “%P?&’%gﬂf’g% PO RGEFAI© 5‘%{]@6{}3 @glla{]tl on.
buffer is typkdaieybytsngletify ilEobidiation dpaeremoéootmt.meqmmmmmpmww from

bout 3 to about 10. 30The gadol d
(i agnost i c- ag@ioEaigns Fe opEGents (e BERS €&t Bt oL B B by

adm xi ng as sa{ehnm,iotrbwgﬁagarmgnetl c netal ion and a reagent of the pr esent
di scl osure in an aqueous solution at t.e egﬁpﬂﬁratures L ggp about 0C,to about
AFSHEPHF B

100 C. These par anHIY ligapdsihp VA RSE R Oﬁ%tam?F‘gH]a%ommrm al

sources as t hgiygeP¥iddehineGlitrdpeh ¢’ wbnaizéd)au"ae &dtlot SomI rRuped tam@nedt the met al
ions are combi ned th fromone t

t on usand. ivalents of the
reagents of t Fitss By Be eqprdinption FRIEIE O tb&l ?ﬂ"ﬁlé%q‘%aa f]%ﬂg’g ctgcﬁ‘ns.ew,&sbuffer
is typically ps®Mof e WRdndé @ithe ﬁahdn@sahi. EHxainples omcillvg Migmdx Ay § mcfudobatabout 3
to about 10. j

.The total tine re ation. endi ng on the
identity &f t#% nﬁ%‘t“éﬁe%'t‘bﬁatert ﬁ’@xlfgﬂgﬁg?“ﬁ e ﬂﬁ\é\%ﬂn%ﬁm%ﬁﬂ rQea’gt ants and
resulting in areatp eﬁ’aﬁﬁé‘ﬁ‘ﬁé‘ﬁﬁ‘ﬁ?a‘é"g"“ﬁg ﬁf"‘“ﬁ"ﬁﬁa‘;“aﬁ‘?‘?ﬁg“gﬂgﬁt Coar i
about 1 minute or MEMancyerveen igpd p e 1gapds "}jﬁ%‘?’ B T e gt 1o
met al | ophar magestigh éftksst Afooxpg@diefbratontie Sixamaples m&iedqﬁwai'ambishrmmd tige purified
stch s 1 1 qul BOERPBREAG SRamnlr Zoulioso e e ais m SR BT oot on,
dija! ysi ts Qsduhfartaf lt(d)ﬁcraaidl mﬂbls(hydro?yﬁhﬁylﬁjrqgmﬁxsidld: 4;5at|ih)@mxaﬂlrﬁammmcalt s are
adm ni stered hy .intravenous injec sal i sol wthion, at a
gose 011: agouz Hi??“étgﬁl:ﬂ%ggwmuggﬁz%ﬁt%éﬁ Ig@f?{iﬁ:n g"egrglgﬁgﬁ ly at a

ose or about f teQag thede eRdrhple ftorefthershqyettonat nois-progonl S
pr ocedur es. iagnostic agents of the disclosure containing a

di
magnet i c resoﬂ%‘ﬁ&@gﬁ“ﬁ% Ying contrast conponent may be used in a simlar
manner as ot her MRnagealizdasindeskdxyhed idcmdUSgAdEﬂﬁﬁﬁvaiaqmﬂﬂ&tlAﬂﬁf 087, 440;

51, P50, e b L e L

Radi ol ogy, queous so 11'6hs of the
cont r ast agenhﬁmamﬁ:eﬁdmdjQstcﬁﬁrﬁdoﬁraplanpmd emhlotmbeta\ae:dddu,N’y i n dosages

rangi ng from about .0.01 K wei ght . For
use as X-ray & ﬁlf?ezgéapméeg% acfc{ﬂy]%%aﬁtﬁ 5?‘33: em g%m??cﬁl "he present

di scl osure shﬁydrsbcygagbmlehgdxdmnemacdneamy, mﬂmﬁﬂeamhytmadmambbis- of about 1 inM
to about 5 M typic 5ab t 0 stered
by i ntravenoul¥{H@ "triy i ef’?‘ﬂ?cflz\gﬂff}\?h éé" fr:s('%ref%{mﬁ’outg&grtggglqgrwie

1.5 nmmol / kg, piominaet byncakeotbndldFommaif fedighmds). 2 mol / kg. Imaging is
perfornmed using k

di agnostic agents n‘gl\f/\g?ﬁt‘%{g &’3 Prggﬁl@g E?’Stgp{%%%ﬁl}f:g%ﬁ cam%%{tt %g'gg%%\ ff:cge(r%tr{? g)gn?phy. The
stable complexes with paramagnetic metal ions, such as Gd(III), Dy(IlI), Fe(III), and
Mn(II), are selected from cyclic and acyclic polyaminocarboxylates such as DTPA,
DOTA, DO3A, 2-benzyl-DOTA, alpha-(2-phenethyl)1,4,7,10-tetraazacyclododecane-1-
30 acetic-4;7,10-tris (methylacetic)acid, 2-benzyl-cyclohexyldiethylenetriaminepentaacetic- - -
acid, 2-benzyl-6-methyl-DTPA, and 6,6”-bis[N,N,N”,N"-
tetra(carboxymethyl)aminomethyl)-4’-(3-amino-4-methoxyphenyl)-2,2°:6°,2"-
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30 conponents are adm nistered by intravenous injection in an anount of
about 10 to about 30 gL of the echogenic gas per kg body wei ght or by
infusion at a rate of about 3 gL/kg/mn. |Inmaging may be perforned using

known techni ques of sonography. O her features of the disclosure
wi || becone apparent in the course of the follow ng descriptions of
exenpl ary enbodi nents which are given for illustration of the disclosure

and are not ipyendaed to be limting thereof. The present disclosure will
now be illustrated by referenc (% the foll awi ng specifi non:limting
exanpl es. Those 55% ‘?/“Iteé‘&b?‘f?’ 'Pﬁ‘go (r)f?r RN R &%ﬁﬁ‘ﬂ%‘?l ﬁmtgﬁ%mﬁ%r e of
still other sydtigiRe adinihigtdtn of Hcduippust Gaispasstie agmnpeiids hasid o paiemgnost i ¢
agents. The reagents and |nt%rned| tes used Pﬁ%gin aﬁe eithg& connErciaIIy
avai | abl e or ﬁ'%_é“ﬁ%‘f”é‘&ﬁ HEBELAT 3T O CPEAURUIR of ' SFER U 5P IR EFRFEE Pinl ess
ﬁt her w fse slelsa Eia@;i‘»@t\il\% ifapifg GohdRs Thetrédimédt ip diethde tedbrampsmgingpounds
aving fornmula (I en 1Qprepared. by synt heti.c processes. or. by netabolic
processes i ncF’H’?ﬂrH{j’_“l“i’fwé’?S'Ct‘!E‘Frf°$ﬁ'@s‘¥?1'“tal?€“md’éﬂ“%‘?g FREeD Bﬁﬁ%} l‘("'ia}ffgvi Vo)
g_r plr ocesse \?\,h QB tHel At@ridl Avall térs, Win@) sk aidpdr digarientd) db Beise @fes] thetrgatmannt
i scl osure where A js a peptide consisting.of D-am no acid resi.due and a
second D ani nﬁ“"éﬂﬂ?s erﬁﬁf"’gﬂp W&‘F@Z’r W“E‘ﬁ'@ﬁ\%g’@ PEenge f"é‘ﬁﬂé‘fnog'étd’lﬁe nce
(e.g., a pept téenaoplaque] daiiid plaqde, dlicinasliplinua aottia plaqed)ienal aeiyplagesi due)
ei ther 15 nthetlc?lgy or. .in %ivo..ExanDIF.l m21f$ fih o1 wall
[2- ({[N-({8-] Pl(amo_ any arierjg)_vgssel, aneurism, vasculitis, other discases of the arterial wall
phenyl but anoy brayer Aeaxgé)oretityirdl pRagyd ih tigAnienpc ateis myds onakiiv|a)paticht.
20[ bi s(car boxynet anm npl et hyl } am.nq) et,h %ﬁbar oxynet h m nQ}acetic acid,
trifluoroacetic ac r%‘%lf’fgl‘?gﬁnﬁ‘? 1}‘?45 fpeilgpd i d’f’f“cgﬁeﬁ@‘—’f %lcgi%éﬁﬁg}ac
imaging procedures, since the cardiac blood pool is large compared to the disease foci
that one desires to image. For an effective arterial wall imaging agent, the target to
15  background ratios {disease foci-to-blood and disease foci-to-muscle) are typically greater
or equal to about 1.5, typically greater or equal to about 2.0, and more typically even
greater. Certain pharmaceuticals of the present disclosure have blood clearance rates that
result in less than about 5% i.d./g at 1 hour post-injection, measured in a mouse model.
In one embodiment diagnostic agents of the present disclosure have blood clearance rates
20  that result in less than about 2% i.d./g at 1 hour post-injection, measured in a mouse
model.
The indium, copper, gallium, and yttrium diagnostic agents of the present
disclosure can be easily prepared by admixing a salt of a radionuclide and a reagent of
the present disclosure in an aqueous solution at temperatures from about 0 °C to about
25 100 °C. These radionuclides are typically obtained as a dilute aqueous solution in a
mineral acid, such as hydrochloric, nitric or sulfuric acid. The radionuclides are
combined with from one to about one thousand equivalents of the reagents of the present
disclosure dissolved in aqueous solution. A buffer is typically used to maintain the pH
of the reaction mixture from about 3 to about 10.
30 - - - The gadolinium; dysprosium; iron and manganese diagnostic-agents of the -
present disclosure can be easily prepared by admixing a salt of the paramagnetic metal

ion and a reagent of the present disclosure in an aqueous solution at temperatures from
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H>2C N CO2H Part A - Preparation of

N- (1- (N- hydroxycar banoyl) ( 1R) - 3- phenyl propyl ) (tert-but oxy)- carboxam de Ph
H BocHNhI N- OH 250 A solution of Boc-DHfe-OH (1.40 g, 5.00 mol ) in
4:1 CH2C12/ MeOH (25.0 L) was treated with (trimethylsilyl)diazonet hane
(6.00 mol; 3.00 nL of a 2.0 Msolution in Et20) dropw se over 0.25 h at 22
C. CAUTION: vigorous gas evolution. The resulting yellow sol ution was

stirred an adgidut @r@io 489&506'°(§0T1€‘e@§ia!irﬁn£gﬁém|rﬁétﬁ iR Rty EtdI9Bb&intdfrom 0.7 in
1: 1 Et OAc/ hexanes). Excess trimethylsilyl)di azomet hane was consuilrred by the

dropwi se addi EPBREER! Yriges asrheitcside. ghingside g1 itrte palis; TReParamashEl Bl 88 uo. The

crude ester Wag cbRBth&SWiY 86 oRe ngﬁ'lt()Réthgusﬂi@equﬁ@@ht@dfﬁl@re@g&itsaﬂdlet reat ed
with a previously re ared su ension of H2NOl1l-1.1-1Cl 15. 0 nunol)

and KOH (1. 68Pgsen Higissoly IN@WO‘CS@Q]”@"M‘?buﬁerllsa‘?f&éalé’dF@j CAHNAY needl e

was required fHértholI‘&etréa%ﬂ&T:ﬁ[xnué'ﬂﬁmjagotﬁgw&ﬁohtnﬂ} suspensi on then war med
slowy to 22C over 5 h as the ice bath nelted; the susg{ensmn stirred at

22 Cfor 0.75 h ofTheﬁ@alttiwfmfﬁperﬁm willpagy depending on e iGRREtRitheimstal it ¢ h

conc. HC to mél1&n§t1ésﬁ§d1a:ﬂ$dnts\fﬂ|llﬁtrédc@§tsmyﬁﬂcédﬁfé@&i&%r thEpeepaatidnds were
triturated with several portions_ of hot Et OAC x 10 )&erd removed by
f)

filtration thiBRURIFPAUALLR] HEwber@mplelss &5y mﬁq@gre@rer Wélafﬂt?m diof theh g

conbi ned fil tfaarosﬁarm@creen&aphﬁ %hfeﬁmam ok Paf BRGROMbRIEEE. IINhiVRE p@ith 0 an
of f -whi t e powder in 1CHZC12/I\/E§ . Purlflcatlfgathro

h
recrystal zaWBHOIF‘WWa'E?rGAECdE%’@Cﬁ'W f Profefdticag bGRYE rhye%%fgraystm li ne

solid (0.893 ﬁumlﬁ:r Qﬁeﬂk&ﬁfﬂ&s wéiDkrfo%h 1o NBserﬁﬁe@m]tﬁ@arDsu@l aslll'dluNVR (DVBO-d6, 300
MHz): 5 10.5 g brgg .179 (1H, br((r? 2| n[") .119 7.14 (3H,
m, 6.96 (1H, hypratography, sp ifliphase grtrpsti 1§_q>lve&{ extrgcuf)n ialysigo I—'*&tfaf AUgR- 2,45 (2H,
m, 20 1.87-1.74 (Bididghestid radfbp ﬁeﬁﬁace%ﬁcalﬂa?&dﬂhﬂﬁst@@ﬁ/ﬁ@uﬁﬁvenzﬁs iMeltion, 8 168. 8,
155. 2, 141. 3, EFRNB cal cd

for Ci 5H22N20H%‘%f>1\l£)‘alm§f9'“&%‘72taqz—aa%?f&bo‘s*iff’ i‘lPebFO%m‘B‘ RSp{Y 'Ega'i’zc’%mvﬂ ¥ of the

product was esit@itdliiyhesddry ofdboued to@bsut 30 a0 Sinsaglr@ s %&m@m@mﬁm al ani ne) .
Part B - Preparation of N ([4-(hydroxymethyl)phenyl]nethyl}prop-2- 25

enyl oxycar box BRFHEEO NHAI | oc A suspensi on of nethyl

4- (am nonet hyl )benmaﬁa@nmdﬁgbﬁfslot)ﬂiedﬁclb&uaaongum@ DfaghietiOteloraice TihgiH0. O
rnL) was treated with i-Pr2NEt g Ié(ﬂﬂhen coaoled tq 0 C

Al 1yl chl or of BIVAY SOTPRORSN SRy beg nﬁ&ﬁaﬁﬁmmrﬁsw SEeR A destbIR  and
the 30 resul t USA-SUSREITS USM-SOBT, 4404 Al@n. mesbnaMeQ stTneos gReiol 2 198t ure was

e a0 Tl o1 RS RSN B S RS, AR gy e veshed
contrast agents are administered to a patient intravenously in dosages ranging from about
0.01 to about 1.0 mmoles per kg body weight.
For use as X-ray contrast agents, the diagnostic agents of the present disclosure
should generally have a heavy atom concentration of about 1 mM to about 5 M, typically
25 about 0.1 M to about 2 M. Dosages, administered by intravenous injection, will typically
range from about 0.5 mmol/kg to 1.5 mmol/kg, typically about 0.8 mmol/kg to 1.2
mmol/kg. Imaging is performed using known techniques, typically X-ray computed
tomography.
The diagnostic agents of the disclosure containing ultrasound contrast
-30 - components are administered by intravenous injection i an amount of about-10 to-about -
30 uL of the echogenic gas per kg body weight or by infusion at a rate of about 3
uL/kg/min, Imaging may be performed using known techniques of sonography.
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conbi ned THF and Et 20 solutions were dried over MgSO, filtered and
concentrated in vacuo to a white solid (Rf = 0.5 in 1:1 hexanes/ Et 0Ac)

whi ch was used without further purification in the subsequent reduction
step. The crude ester (5.00 m nd theoretical) was dissolved in dry THF
(20.0 nmL), 5 cooled to OC and treated with Li A1H4 (5.00 nunol; 5.00 nL of a
1 Msolution in THF) dropwi se over 0.25 h using a syringe punp. The

resul ting sol uti omerTedbirty dreiek disciizudd vall b&oﬁehﬂ:aﬁﬁﬁiﬂrﬁ &)Qﬁt-)bﬁhe reducti on.

Excess Li Al H4 s. consuynmed by the, caref addi.tion of 200 The
Fosulti g i FLOHTEJBREP G oL plpaeaioy ne SRR A A PSSR
(200and H20 ( 69€loduke)ant AR MoSihichdeado B@nmﬁmg&e&ofmapidsmdmbme Siloky . 10 The
resulting mx of Celite an centrated in

ure was .filtered thr
vacuo. The cr 88‘“8["‘F°%’\ké§°f‘ifﬁ'?‘ief“? @a ﬁﬁ@rﬁ% bGP IRLing framy s 80 x 185 mm)
using 1:1 bexaaletlﬁA&of&fgm Smthesis TRAE beRidie @frsﬁdumter@hm&mobiei waen 430- 680

nL, was coll ecgt and concentrated to affor a white cr sta line solid
(0.923 g, 4.1 s & compoyils aRA/QGr diaggostic agrois. i%‘eé%?“tiag@ Nﬁﬁé‘g(cm 3,

300 MHz): 8 7heein @%H;théf\Bomﬁ&Bnaﬂy 8va:i’laHZbr pr&ﬁa?ed%cdrﬁhg toABndatdBeraniie 2 Hz),
5.91 (1H ddt, J = 17 8.6 , 5.30 (1H, dg, J = 17.2, 1.4 Hz),
5.20 (1H, dq, prpcedurgs, "'551"’t W‘—’E desgri (2H s), 4.58 (2H, brdt, J 5.6, 1.
Hz), 4.34 (2H, br dI'lus]dlsd(ﬁtérz ld’iiziﬁendeﬁ IB&&&WssémpMMfmfﬁl) v%gn M—Iz?vS
127.7 44 HR

156. 3, 14 3 , 12 7

cal cd for ﬁlzﬂegﬂﬁg"ﬁ% tc'p5oCssses by wﬁmc Pf?ﬁéeiif’fh‘d‘“ﬁéh%f"i““’(‘,"‘g in

Pr eloi'ir ation theﬂinﬁhxﬂ?r(abrnﬁn‘od?t(mydn)apbe;srycte]sﬁe?dshwrhgrmrra- F(&rt)dmpqy,car boxam' de
NHAI | oc tion of the product .of Part

And CBr 4 (1. 16PPoRal eppiesne il hiEAIs BTRE sernspEe A DA 15T 0 C and
treated with Risidge 41d.a38¢ng D- zﬁmﬂ@acﬂ@mﬁ?rﬁé Qena@retl bp tlemageofaMagersedietice After 10

inat 0 C th | ut ; 5 5
mn a e solu Aew&t.ﬁg‘é‘@%ﬂ}l@g%%ﬂ'\ﬂé? %ﬂiﬂ?%ﬁgaﬁﬁy%ﬁﬁnﬁ? ography on

3
8

concentrated [SEAARERY
silica (235x dyhthetitdllyosinigo3: 2 hexanes/ Et0OAc (Rf = 0.6 in 1:1

hexanes/ Et 0Ac). The mai n product eluted between 95-185 nL, was coll ected
and concentrated to afford a white crystalli ne solid (0.738 g, 2.60 nunol;
86.6% . M 80.0- 30 82.0 C NWR (CDCls 30@ * 7.36 (2H, AA BB . JAB =
8.2 Hz, JAA, = 1.9 Hz), 7.26 (2H, AB, —81Hz) 5.92 (1H, ddt, J =

% oy P b - SN A e 2t (AL 09, 0 204,
Hz). ' 3C NMR (CDCl 3hen75uw)mmaool<55ne2hyllr3@wr}memwcalbarr’rpstahwswli219f 4, 127.9,

SFounts. 283, 0260 RSt REREE0 ol AN Maklo) e 2127

{[4- (am nomet hyl ) phenyl ] met hoxy) -t@fliiroacetic acid salt

enbut oxy) car bonyl - am no] - 4- {)henyl but anam de, trifluoroacetic acid salt Ph
socuN'-itoNH, F3C OH A sol ytion of the product of Part I A (0.662 g, 2.25
mml) in dry DVF (9.00 rnt& 10 was treated with K2 (0.373 g, 2.70 mmol)

and cooled to 0 C. Part | @&(Dyr2® . 900 mol y*Whs then added in one
portion and the resulting sushensi “skihyl y 2o

o] COH

HOZC._N._.COH

Part A — Preparation of N-(1-(N-hydroxycarbamoyl)(1R)-3-phenylpropyi)(tert-butoxy)-

carboxamide

25 o
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to 22 C overnight as the ice bath nelted. After 13 h total, the reaction
m xture was partitioned between Et0Ac (150 nmlL) and 1120 (50 nL) with
transfer to a separatory funnel. The | ayers were separated and the EtOAc

| ayer washed with saturated aqueous 15 NaCl (3 x 50 inL) then dried over
MySO4, filtered and concentrated in vacuo to a white powder that was used
w thout further purification in the subsequent deprotection step (Rf 0.4

in 1d1 heTangs/ Et gfﬁﬁalutnoEMBﬁé -BEe- dggcﬂm@grmwsmm(cﬂgmwm(zs haﬂr)ﬁt 15 (1:aI2 )
was di ssol ved in an uccessjve wi t

mg TPPTS (90. Uaﬁﬁliﬁfed%(meﬂwﬂwdl%;{lﬂ? (%é@ qéb%J‘ﬁth%ﬁ;U‘ éfﬂ‘&“’fo 1 ny
Pd( QAc) 2 (45. th Ety®) dropwvidstRive .2 A at22 *C. C@mmtvﬁgoﬁlrﬂ@@@st@ﬂ&m&n ™ias observed
within 0.5 h. The anber sol ution vva filter @ gté h a 0. 45{1}% Acr odi sk
then direct | yrsSuling yelgwsglujign wasstr o PRI 02 PisreEse SoBBIEG W{Yﬁm& x 250
MM using 8§ 140y @nadEienic/mbxme)OE4R%e Makdhgant)dibiintthale W26 chishnid gy 10% H20
at 20 nL/mn. The main (Sroduct peak el @aﬂg\@t 32 mn was 25 II cted and

| yophi | i zed t Bresramise additonrlielaciebAcQl; t il femovedinggguo.

(DVBO- d6, 600 eMiZdas relisdolvedin MeDH (@S 8)mL)80039:d(t<3¢+’C Bidheated with a(pﬂddmub?s) 7.27
(2H dd, .1 =17.6, 7.6 Hz), H) J= 73Hz),

7.08 (1H, brdprenafWSUé)W?Hszﬂz?@f(éﬁ 1(bp4s,, 158 r@zollgﬂK%!él)éﬂeW@Mw dt, J=

7.3, 7.1 Hz n . r s , 1 39
(9H ). NI\/R) ( ﬁ%@@ggﬁ&?@g}% borgcmmg ée%]e(vqlel"’rcc{ﬁi ed b &ltrln ?JHZ gﬁé’lng) 5.

141.2, 13603, r@@ﬁn@susmsonsshmz«md sm@y ®22f0pve 3. Sglms the i lcq laath neltgpivey) |
78.1, 76.3, 51.9. 42 .0 33,5, al ( M+H)
414 2387, Foupuspenipy slﬂgféif 2 C I[:BS hé?th% tmfe'%rvgl TﬁgSJSBJnSigg VBLhiRR

ar at 1 on
2- {[ 2- ({[ N ({ Avith cérRRUCPto phi 4’-15)%1163 albvolatiles removed in vacuo. The solids were triturated

[bi o car boxy Sty Bam NUDGE R Po Ao AL et FYPkL HaTEmalE sy RIBE hlowa oo ¢ aci
trifl uor oacet saintered glassdflutne! of medium porosity. The combined filtrates @R oNp#tedBE OH oCO2H
Tobutypoxydar BERVTRREI SR o5 Lhie popden Re7 Q284 CHUCWMEOD, 1y 30, 2
pnol ; for Ieaﬂunﬁ@}:ariafthroeglceswsmlhtdmnfnymﬂmeﬁi%@(mﬁﬂ whpaffcdegdraiwhaei on of DTPA
oy oLat e el gsuieeiidl 8 b Al oo EBI9ERRs 0%k, aMIE, T
Lux, G ; RebagbMSOR, 3001} 31005 A bams. 70990, brd07.3037Z5 2H, m)dr19-DM- ( 3. 27
D98 e S A o B A §. T3 MR b a1
sol ution wes 1RANSHELHaR), USH (AH,8). CADNNMP(DIMSONE, 75M0dn)Ccs 1688, Pa5.2, IMD3( 15. 0
conver si on, ¢ A £aeenan Tulo phACHER oF Pt d S RRAE T T B ot
and i - Pr 2NEt (32'8]1(72] Foynd187. l|966ﬂﬂ"l)e,opﬁéal purérgl ofth2 prodyct tagestablisited by olied
Separaror) . GHkar s BB MR Mol | 5 smshiaw
O (2., 2o S RTBLRSE B Ao Bt
30 | a eacl?p tlae;rloucaredcamukr MySO4, filtered and concentrated in vacuo to a
colorless oil which was used without further purification in the subsequent

deprotection step (Rt.= 0.4 in 9:1 E@'@E\’NM@M 1).

NHAlloc

A suspension of methyl 4-(aminomethyl)benzoate hydrochloride (1.01 g, 5.00
mmol) in THF (50.0 mL) was treated with i-PrNEt (2.09 mL, 12.0 mmpl) then cooled to
0 °C. Allyl chloroformate (638 pL, 6.00 mmol) was then added over 10 min and the
30  resulting suspension stirred 50 min at 0 °C. The reaction mixture was diluted with H,O

(50 mL), the layers separated and the aqueous layer washed with Et;O (3 x 50 mL). The
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The protected conjugate (32.7 pnol theoretical) was dissolved in di oxane
(650 pL) then successively treated with H20 (3 pL) and HO (2.60 nmol; 0.650
m. of a 4 Msolution in dioxane) at 22 C. The resulting pale yellow
solution was stirred and nonitored over 4 h during which tinme a heavy
white precipitate formed. Upon conpl ete deprotection, the volatiles were
renoved under a streamof N2 and the white solid residue redissolved in H20

gﬁnt ai ni ng E é@(ﬁ%%'[ﬁ-ﬁ?i&@%bésihg@ﬁh \gdréo @6dd overMES D, ﬁ%}ﬁlyaﬂEb@egt!?atai inf
enormrenex Luna caol um L2 X S| mn adi_ent from
0-40% 5 MeCN ¥35HP I vhils Sehdlé%’?le;& %ﬁd%é&&é@)f‘ﬁg’% BT YA, Witiets Syrther, product
peak el uting g.gnfggt,dﬁ\iﬂtmﬁbsg@chﬁea@do wdiéh. | yophilized to a white powder
(22.8 ng, 22.1 inngl; 67.6% 'HN 0 1. 77 (1H,
brs), 8.95 (1H, brkhe CSPC’C&S‘? @199“1“8’ OTEé‘HDNS"ﬁ‘Fg)S“"?gA‘bM(%F (S\%E’ B = 8.0
HZ) 7.32-4. ZZooﬁébHo oﬁtanitfe%%d(»ﬂdﬁ Lxﬂﬂu (9 BO fontbl; S00AnIE)a 1 Vi sbihtibR 1, TfHEj JAB =

2 Hz), 4.84 H, Hz), 2H, brd, J= 5.6 10Hz 25 (211,

sj 3.64 (1H, dr@p\y)se O@r 9@5 (‘8‘?!“8 g yyringe Blanle 4The fﬁ?rultmgaduf@ﬂevwsl"e‘%; %%}( #11 brt,

J'=5.7 H), ge 9 el OB 151
M) & LTy 78 ?g%@ngégiééﬁ}kﬂge Péfuctéon Eﬁx&?&s%@i@@fh ra) m%@bM{B ﬁ e 7&%34 2

129. 0, 128.5, ofI2R (€00 ARy The re‘sgmngwhlj_e:l_ﬁlsgnglqn wgs:suquboueawg vgth lgh’n 3, 53.09,

711 bog0. Foutteeus S pobA0 1 and Prc0g gl 6D 3 o Pk i, (11

est abl i shed byhciebsultidg xﬁilxﬁireawalfyareﬁ tl(r@@gh&%aﬂ)bbﬁdphard;cbadeaﬁmtm)\ va@oanpl e 2

1 bt anoy TR SR ORE tichropraiapesphy 29 Slrd0x JFS RV S 14 4 7 10-t ety

aaza204, 10- bi béaassi@puaetky.3)c Fbé mdio enptt)chest icovean 1430-6&0rm1f. Iwesicolestli ¢ aci d
salt Ph riCCZ 'j concentrated to afford a white crystalline solid (0 923 g, 4.17 mmol; 83.4% over two

steps). Mp 80.0-81.0 °C. 'H NMR (CDCls, 300 MHz): & 7.32 (2H, AB, Jag = 8.2 Hz),

15 7.26 (2H, AB, Jap = 8.2 Hz), 5.91 (1H, ddt, J=17.2, 10.4, 5.6 Hz), 5.30 (1H, dq, J =

17.2, 1.4 Hz), 5.20 (1H, dq, J = 10.5, 1.3 Hz), 4.65 (2H, s), 4.58 (2H, brdt, /= 5.6, 1.3

Hz), 4.34 (2H, brd, J = 5.7 Hz), 1.85 (1H, s). 13C NMR (CDCls, 75 MHz): § 156.3,

140.3, 137.8, 132.8, 127.7, 127.3, 117.7, 65.7, 64.9, 44.8. HRMS calcd for Cj2H sNO;

(M+H): 222.1125. Found: 222.1124.

20  Part C — Preparation of N-{[4-(bromomethyl)phenyljmethyl}prop-2-

Br
NHAlloc

A solution of the product of Part 1B (0.664 g, 3.00 mmol) and CBr4 (1.19 g, 3.60
mmol) in dry CH,Cl; (30.0 mL) was cooled to 0 °C and treated with PPh; (0.905 g, 3.45

enyloxycarboxamide

25  mmol) portion-wise over 5 min. After 10 min at 0 °C, the solution was warmed to 22
°C, stirred 20 min then concentrated in vacuo. The crude residue was purified by
chromatography on silica (25 x 170 mm) using 3:2 hexanes/EtOAc (Ry= 0.6 in 1:1
hexanes/EtOAc). - The main preduct eluted between 95-185 mL; was-eollected and- -
concentrated to afford a white crystalline solid (0.738 g, 2.60 mmol; 86.6%). Mp 80.0-

30  82.0°C. 'HNMR (CDCls, 300 MHz): § 7.36 (2H, AA’BB’. Jap = 8.2 Hz, Jaa = 1.9
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cl. 4CO2H F3C10H4 CO2H A solution of 2-(1,4,7, |
O-tetraaza-4,7,10-tris {[(tert-butypoxycarbonyl]nethyllcycl ododecyl)acetic
acid (109 ng, 0.190 nunol) in dry DMF (10.0 nmL) was successively treated
with HOBt (29.0 ng, 0.190 nrnol), HBTU (71.9 ng, 0.190 mmol) and i-Pr2NEt
25(40.8 n.L, 0.234 nrriol) at 22 C. After 0.25 h, the solution was treated
with the product of Part ID (0.158 mol; 5.80 nL of a 0.027 Msolution in

DVF) “and the pgspbg (zmgAssomu smn&; lsrga@m Adt)J =T0.2¢ 001568 z)CRFV/@HSbreJV t he

solution was further tre the active es tirred
B e e o i ol s B g W P2 S st
]{ulnlnel dTBe E&%@Lﬁ@lﬂﬁs@mzm@cml ﬁﬂ)@%t‘flﬂl\ﬂl-lib M36.2,13&9,a67.0, 133.8x 75 Irn|_)
ol l owed by saturate aqueous sol utions ni
each), then diH%ulA2r BSOS ??W&&M WIW?FFE%WH()M(&%O

col orl ess ¢il ppalclzayago. used 5wt hout further purification in the
subsequent deprotection step. The protected conjugate (0.158 aunol

t_heﬁrat2 loc?llg5 P@EDC“ .Iau@dciﬂ(nfé}qu[qamlr(o&eaﬁl)pnehqu:ham@mqlew vel y t 3 eat ed )
W t nu olution in dioxane
at 22C The rB ?}?Y%‘i “%Jaﬂ"l(é ‘ééﬁ TSRy E‘B?'ﬁ?‘i‘%n“%%“’%‘tef??‘;é a6 h, during which

time a heavy white precipitate fornmed. Upon conpl ete deprotection, the
volatiles 10 were renoved underla streamof N2 and the white solid residue
redi ssolved in H20 (8.00 nmL) then & rectly purifiged by HPLC on a Phenonenex
Luna C18 colum (21.2 x 250 ™ ui 1fy %Jn n ﬁﬂ@Ql ent from 0-40% MeCN
containing 0.1% TFA and 1094120 at 20 mai n product peak eluting

t 25 N 41. 3

ot 26 105 1 P ARERLEEhe 3%"%%5"@@“@%63 23 Rt fiay weid Bodiy) 2.
7.46 (2H, 10B, wisABated 8@ KAZD; (033, zmintandmledtBOOCHf)rtlQ((BEﬁg 25 (3H,

, 7.20-7.16 5.01 (2H AB J= 5.7
ﬂ’z), 4.13 (1H Q@Hrhﬁl% ?‘id%i ingue P! oh E‘)‘d til‘%reg‘gr@?’ipm% é’%ﬁ%%
§3é6Nﬁ/]|iog_][_)|V5 l())t_‘odSZ)éZ °C3)v&&g(1€a)]slhe ibe¢ &)hrn@lteglﬂteﬂﬁ?oll(ﬁ)lﬂ%l, tlﬁrpavﬁoﬁS};\?&tSi&&(ZH rr)

C
700. 3665. FouPflt!t ‘°f'6€'}‘§¥§ Et%éaﬁ%ﬁgﬁé b0 0 % ?‘ 2 Gparddty

W ({4-[((2S) - Amadli The Kyddhr@ery lsépaiatsd ayd ﬂlle”lli‘lt@@txha)(dﬂ‘ﬁﬁdsbdd]wnh saturated aqueous
phenyl } met hyl

{2-[bis(cdrbo C@é? ﬁ%)ﬁ‘a‘%ﬁ@?‘}%mgﬁ& dPRLA prdeonesnipisd eIl B AWANS) acet i ¢

acid, trifl UOﬁ@&iéeihhthaaQdei wittlolit faRher purifidaBbh 1 the SBkhuent deprotection step (Ry
= (0.4 in 1:1 hexanes/EtOAc).
The crude hydroxamate ester (0.900 mmol theoretical) was dissolved n 2:1
MeCN/H;O (9.00 mL) and successively treated with 51.2 mg TPPTS (90.0 umol; 10 mol
20 %), Et;NH (233 pL, 2.25 mmol) and 10.1 mg Pd(OAc); (45.0 pmol; 5 mol %) at 22 °C.
Complete deprotection was observed within 0.5 h. The amber solution was filtered
through a 0.45 pm Acrodisk then directly purified by HPLC on a Phenomenex Luna C18
column (21.2 x 250 mm) using a 1%/min gradient from 0-40% MeCN containing 0.1%
TFA and 10% H,0 at 20 mL/min. The main product peak eluting at 32 min was
25  collected and lyophilized to a white powder (158 mg, 0.300 mmol; 33.3%). 'H NMR
{DMSO-d;, 600 MHz): § 11.25 (1H, brs), 8.20 (3H, brs), 7.44 (4H, brs), 7.27 2H, dd, J
=7.6,7.6 Hz), 7.17 (1H, t, J= 7.3 Hz), 7.15 (2H, d, J= 7.3'Hz), 7.08 (1H, brd, /= 76
Hz), 4.78 (2H, brs), 4.02 (2H, brs), 3.76 (1H, dt, /= 7.3, 7.1 Hz), 2.60-2.55 (1H, m),
2.50-2.45 (1H, m), 1.81-1.77 (2H, m), 1.39 (9H, 5). "*C NMR (DMSO-ds, 151 MHz): §
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F3C OH Part A - Preparation of

N- (1- (N- hydr oxycar banoyl ) ( 1S) - 3- phenyl propyl ) (tert-but oxy)- carboxam de Ph
| H BocHNN, OH A suspension of HHfe-OH (1.79 g, 10.0 nmol) in 2:1 THF/ H20
(50.0 nmL) was 5 treated with Na2CO3 (2.54 g, 24.0 mmol) foll owed by Boc20
(2.62 g, 12.0 nmmol ) in one portion at 22 C. After 1 h the heavy suspension
was acidified to pH 3-4 using 0.1 MHClL, and the resulting honbgeneous

sol ution transées, neﬂstwaﬁqn&)artserzywmmms apgsiasiserbsw, 118. 0078, (4 x 50

m.). The conbi ned Et OAC S were r ied d and
concentrated th-%&d5 3108\@) c?gﬂo?q ¢ o‘f%oﬁﬁgtﬂvgg??g%?aﬁ’gﬁ further
10puri fi cati o, HN3O ents. ReACFIPASA142392. A solution of crude Boc- Hf e- OH
(10.0 Mol theoretical) in 4:1 CH2C12/ MeOH (50.0 nlL) was treated with

(trinethylsil phy Bi-Zzepamatitrosre- ({2-2{ (V-0 ME1R)-26ankifo-#L of a 2.0 M solution in

resul ting. pel P CUR RGOy Tt e IR 90 A 1o ensure

conpl ete 15 ﬁﬁinﬂwrt&txynﬁahylﬁhﬁﬁqahm:imnﬂ@tadhyl[]@a}bpkyrdttaﬂ)mmmdjmacmd;, consuned
by the dropw s&léladdl t.i on of glacial AcOH, then all volatiles renoved in
vacuo. The cr ifilowaselic 2% oqi ssol ved in MeOH (50.0 nl), cooled to 0 C and
treated with a previ ously Rk epared suspension of H2ZNOHHCI (2.08 g, 30.0
nmol ) and KOH (3.37 g, 60.0.mmol) in MeOH (50.0 nlL); a large bore caimla

needl e was required for the 3rfn The resul td,ng 20 suspension then
war med sl owly to 22C over Af'ghi &s itce bat h{nel tggd After 14 h, the
suspension was acidified with conc. 1 YoV 5?!’4?5 then all volatil es

renoved in vacuo. The solids were tritur%lte wi t%" sever al portions of hot
Et 0Ac (5 x 10 nl) and rem)ved by filtratPda-Mht¥ligh a scintered gl ass
funnel of nedium poraosity. e conbined filtrates were coll ected and
concentrated in vae&Jutey ofa- {BFP ®H& powder. 25 Purification through

recrystal '1bzaB{n91'Sb géﬁmanﬁwﬁg%ﬁmey%ﬁﬁn]mmo}%Eézeraéﬁqz@z Wi 392 6l fer ystal line

solid (1.47 g, nunol € spectral data obtalnedfor this
material are iendname&mcvﬁ qrihe watheﬂé@r@rqhye@emém HO P oudatlaisd apiges, 1A Part

B - Preparation. gy rt. H. J. Org. Chem. 1993, 58, 1151. b) Anelli, P. L.;
(2S)-N- ([ 4- (ar#n%malt ﬁm}s phen[ﬁa?oné’t hoxy) - S Lzbmertbut oxy) ca)r bgemlll ani no] - 4- ph

enyl but anani d&edefid. ;rﬁirézzq@, @.; Latroada, by Lux, G.; Rebasti, F. Bioconjugate Chem. 1999, 10,
137)) in dry DMF (3.27 mL) was successively treated with HOBt (6.0 mg, 39 pmol), i-

15 Pr;NEt (14 pL, 78 umol) and HBTU (14.9 mg, 39.2 umol) at 22 °C. After 0.25 h, the
solution was transferred using a cannula to the product of Part 1D (15.0 mg, 32.7 umol)
and the resulting solution stirred 0.25 h. To complete conversion, the solution was
further treated with HBTU (7.43 mg, 19.6 pmol) and /-Pr,NEt (28.0 pL, 161 pmol),
stirred 0.25 h, then partitioned between EtOAc and 0.1 M citric acid (30 mL each) with

20  transfer to a separatory funnel. The layers separated and the aqueous layer washed with
EtOAc (2 x 30 mL). The combined EtOAc layers were successively washed with 0.1 M
citric acid and saturated aqueous solutions of NaHCO; and NaCl (3 x 30 mL each) then
dried over MgSQ,, filtered and concentrated in vacuo to a colorless oil which was used
without further purification in the subsequent deprotection step (R¢= 0.4 in 9:1

.25 CHyCl/MeOH).
The protected conjugate (32.7 umol theoretical) was dissolved in dioxane (650
rL) then successively treated with H>O (3 pL) and HCl (2.60 mmot; 0.650 mL of a4 M

solution in dioxane) at 22 °C. The resulting pale yellow solution was stirred and
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A solution of K2CO33 (0.207 g, 1.50 nunol) in H20 (3.00 nm.) was diluted with
absolute EtOH (7.00 nL) then treated with the product of Part 3A (0.442g,
1.50 nunol) in one portion at 22C. Upon conpl ete dissolution (10-15 nmin),
the product of Part 1C5 (0.284 g, 1.00 mmol) was added in one portion and
the resulting suspension stirred vigorously; a rapid stirring rate is
required to ensure conplete dissolution of the bromde. Wthin 25 mn the
sol ution tur nﬁdmﬁ)kéalbdw Andlriag mﬁwmw He@vyWisii gaéctpame fcfrﬁaremeﬁpod doenpiegact i on

was conpl ete at The resul ti n Si on ed with H20 (40
) antrzlrp t he s@ﬂpf%?t’%'bmeéfe Elgs Wﬁreé ﬁ %é&%% hﬁ‘ ﬁogl&irfﬁnue (

porosity. Thereg@iolvds nnlﬁzc)/@rnauﬁmgra tmrrma(sfsemmﬁeh dﬁ%y@mﬁiﬁ&t@a{m& on20 nth
each) then dried in vgcuo to fl g ggi‘\der ut hatl ngmus glﬁ furt her
purification Phenphgnes “H‘e(lﬁ ot N vgipg p 1 “o/min gra ‘Fﬂ'e Lamat e
ester (0.387 mcﬁcsﬁzlnmgoh%m&da mtwd:zonnmmln I\"ﬂﬁ}#aiﬂﬂﬁm(lﬁtﬁelknt) and
successively treated with 15.4 TPPTS ( 1 (175

pL, 1.69 nunofWtingfl23mm Yag CF'&“@A@)’@Y(’R@I‘ ;5‘? "h‘d’ﬁ"e RYBH (5%)/55 "ﬁ’ Q%E npl et e

15 deprotecti Wsﬂmﬁfﬂm@w&mmﬂizﬁa1Tb¢¥1@ma%§ s%@l(utlluﬁmmm)l ut ed to
14 nL with 1120 contai ni ng 0. t hen I'tered throug

Acr odi sk and Paf (3H, bu). B0 . AB Ham™ ﬁ‘ﬁéﬁ?é,r?e?r?ew"l_ﬁﬂﬁamti@odbﬁ{tﬂﬁlnj Tff }4x 250

mm) using a 1 et mxgmmm 28, 826 JieeH and
1094120 at 201%%{]/7 & %ﬁ_ﬁlﬁﬁ g |fngmrz%g§g?%ea el uti n%) 3’*9(1 mm was col | ect ed
g

and | yophil0i zHa), $.85 €Hap) §.64 ﬂM@D 5. (212195)593 38@Hpbry gg fuHek 3.09GR&L Y The
cpectral dat a_ghlyp,HagJ B okl 1TALLSd @h A € NMAE AT, ! f31134): glescri bed

for the roduct eparation o
2- {[24{[N—({41‘{2(7( 2@3 2648i138.04q, /= 32.4 Hz), 1402 138.7, 134.3, 129.0, 128.5, 128.1,

pheny! but anoy| “?é’ﬁlf? ﬂy'—kzléﬁ%ﬁ%'ﬂs@eﬁ gﬁaizbﬁ@w'dsr@hiﬂ)’b}z{s?so:s

[ bi s(car boxyrre Aypam’no yl }am et hyl car ox¥met ypam nojacetic acid,
25t ri f1 uor oacBRMS cab‘d@)r&'aiHMRI@n@@ﬂﬁ) 1l 1Faundo7H 3962 c Thewpticloo- 1

A sol uti on.of : % D-

2- {bi s[ 2- (I%I SPW ert{l%%?glu&‘g?ceas}a %Srl\l;?? F’Frg%l 2 %gr%narl\c?)lse(?gmsll/ll)am no}acetic acid
(0.278 g, 0. 4b@nophenylajaning).dry DMF (3. 00 rrL) was successively treated with
HOBt (68.9 ng, 0.450 nmmol), i-Pr2Net (131 pL, 0.750 nunol) and HBTU (0.171
g, 0.450 mmol) at 22C. After 0.25 h, (éu@mz‘le?-

2-(7-{[N-({4-[((2R)-2-amino-4-
phenylbutanoylaminooxy)methyl]phenyl}methyl)carbamoyl]methyl}-1,4,7,10-tetraaza-
20 4,10-bis(carboxymethyl)cyclododecyl)acetic acid, trifluoroacetic acid salt

Ph

cozn
NERRCERtONg
I 1 COgt Fac” oM

COZH

A solution of 2-(1,4,7,10-tetraaza-4,7,10-tris { [(rers-butyl)oxycarbonylJmethyl} -
cyclododecyl)acetic acid (109 mg, 0.190 mmol) in dry DMF (10.0 mL} was successively
treated with HOBt (29.0 mg, 0.190 mmol), HBTU (71.9 mg, 0.190 mmol) and i-Pr,NEt

25 (40.8 pL, 0.234 mmol) at 22 °C. After 0.25 h, the solution was treated with the product
of Part 1D (0.158 mmol; 5.80 mL of a 0.027 M solution in DMF) and the resulting

solution stirred 3 h. To complete conversion the solution was further treated with 30 mot
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5sol ution was transferred to the product of Part 3B (0.138 g, 0.300 mmol)
using a cannula. The resulting solution was stirred 0.5 h then partitioned
between Et0OAc and 0.1 Mcitric acid (50 nL each) with transfer to a
separatory funnel. The | ayers separated and the aqueous | ayer washed with
Et OAc (2 x 50 nlL). The conbi ned Et OAc | ayers were successively washed with
0.1 Mcitric acid and saturated aqueous sol utions of NaHCO3 10 and NaCl (3

x 50 nL each)otdreR adfivelster) ¥irred IS theh bilited with BIOAQONGENVtR tradkfdrfo ¥acuo to
a colorless oil which

was_used wi thout further .purification._inth
subsequent de}PHREBt f“B‘i‘?"sF&pF.tgA" solutiopygas &a&egé’f'@é : Wﬁ}tﬂﬁﬁ?‘g(%’b’{’%ﬂg” m nol
theoretical) pRsSwEH SBRtuYRS dgbeoids SHi@as oA Orlahd NAEN3XUIGGRIS Sdckgki¢nt 1 eat ed
with 1120 (27 pL) and HC §12.0 mml ; 3.00 nL of a 4 M 1bsalution |n
di oxane) at 29%ed oypreMp3tdy, fiisretand sparepiatidn,vadip (1 # glorlfsotsyhiFh wap e h,
during whigh {ithgu AurfhepYifivdtioh & thE Qbkdauér teprbtactimréiep. Upon conpl et e

deprotection, the volatiles were renpved.in vacyo and the white i d
resi due redi ssol velreiPFPI$9ad CeyHgs Wilﬁé“ﬁ?oi%e?ﬁgﬂcabg”% ‘SFﬂH_‘F%t‘% wxweigﬁ ly

purified by Fﬁhghgﬁsﬁcggea/?%ih{ﬂ@ G3ALs MM (( 28 minoX; EOnDBa 4™ Ng A
1% m n gradient from 0-40% MeCN contai ning 0.1% TFA and 20 10% H20 at 20

nmL/ min. The nsdlytiopimdigeane)s 3k *@| The ragplting pals yalay sohiop ias dirred d 6 Andpring

| yophilized t i : ) . 9

( DVBO- d6, GOOQR)I@BWIC%%%?7 i E“ﬁ?‘"ﬁ%ﬁ"‘?"‘%‘?9%’7°?‘fﬂ@%ﬁd,§‘§3‘§°@5‘f“9‘3‘ﬁi’§'% 37 (3H,
brs), 7. 390 ( 2merepdnovdABnder gstieapof N2 gndsthe whidposqlid ppsidyy redipsodypd(in HaO -, J=

7.3, 7.3 Hz), : - . : 8 Hz),
4.34 (2H, brdt,niat}lgn g‘?gtlﬁﬁ%ﬁﬁf&g? t gﬁ’]’ aﬁ%?on&?gé%&%l%ﬁs %?%’E'F]@)ﬁ, Txdl (8H, s),
3.38 (4H, brtmm)ssisg 8 1¥gmin gardipst fopm0-487eMeQht contanipg §.1% T Fayand 9% g atpy) |
1.96-1.91 (2::3 Y /mid 3 End\Rn GHINRE: E’&e!&ﬁ%ai\dﬂﬁn viis bdifectld addPophilizkéh 8, 158. 1
(q, J= 32.2 ‘3 140 2 138P7, 1343, 198, 9, 128.5, 128.1, 127.3, 126.2,
116.9 (q, 1- % pawyder (8.0, 3143 Bmok 36.9%).5H NMRMMSO-4g 690 MHz):5 9.8b 3 30. 3.
HRMS cal cqd.fo 4 A1089. 3 Fgﬁﬂg' 9, 3147 hes@pti ca
purity of q? he%ﬁﬁ% y@g%*ggﬁ%%%%gg" 33{!’1])‘?/2)%. r f{ %ﬁl’e@%alﬁ'(}sﬁsi g(a%g 0%

C- honopheny| aV RRi3H, @), 7.2abp (381, ), 5.01 (2H, AB, Jap = 11.6 Hz), 447 (2H, brd, J = 5.7

}?;ng g ﬁ;‘f § {Ng?4< AR, 133 YR 1 6 BBL{1% 8B4 3N IR B9 %) B 3. f6P DA EY)!
[ bi s( car boxyn@0R(3¥hbrha}& 43 (REninh 136231 (PHom). b VR (RMS@RidadS A aci d,
trifluoroacetyq,agidsgajsh ok fu L{RHAMRId, 158 B 152G, (989, 128.5, 128.0, 1274,

20 126.2,117.1 (g,J=299 Hz), 76.9, 54.8, 54.0, 53.1, 50.6, 50.4, 50.2, 48.8, 42.0, 32.8,
30.3. HRMS calcd for C35HioN7Oy (M+H): 700.3665. Found: 700.3659.

Example 3

2-{[2-({IN-({4-[((25)-2-amino-4-phenylbutanoylamincoxy)methyl]-
phenyl}methyl)carbamoyljmethyl} {2-[bis(carboxymethyl)amino]ethyl}amino)ethyl]-

25 (carboxymethyl)amino}acetic acid, trifluoroacetic acid salt

Ph
H
N. CO.H 9
HD\V 0’\©VH Ay
o N\n/\N/\’N“ 3
o ! . COzH . .
HOLC._N._COH
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H2NoNr - - - - - 14) 00 Hco, H HO2C. NCO2H Part A - Preparation of

6- ( Prop- 2- enyl oxycar bonyl am no) hexyl nethyl sul fonate 5Ms0 A sol ution
of N-(6-hydroxyhexyl) prop-2-enyl oxycarboxam de (2.55 g, 12.7 nunol;
Charreyre, M T.; Boullanger, P.; Pichot, C; Delair, T.; Mndrand, B.;

Ll auro, M F. Mak Chem 1993, 194(1), 117-35.) in dry CH2C12 (30.0 nL) was
treated with Et3N (4.06 nm., 29.1 nunol) then cooled to O C. To this

sol ution was Pmnﬁméﬂaﬁdomm((—(N_Jhﬁird:@'cé}bmﬁyl)(E@B@hmlmépw)(l&r-ﬁﬁtoﬁtﬁs0| ution
in CH2C12) usi nﬁ nnul a; full conversion coincided with conpletion of
the transfer. ulting solution was warned to 22 C, then treated with
2 M NH4CL (50 m) and transferred to a geparatory funnel. The |ayers
separated and t he aqueous |ayer washed Wwith CH2C12 (3 x 50 nmL). The

combi ned washes were washed with 20% a olls NaCl then dried over MgSO4,
filtered and 15concentrated in vacuo® pgf'e yellow oil (3.2 g) that was
used wi t hout further purification in the subsequent al kyl ati on step. 1H NMWR
(CDCI 3, 300 'VHZ) s?&s{owfﬂct@f‘e-oﬁgﬁg 2@0%%04)1115 16r}lrm{,o E’JOMEWasdq, J=
17.2, 1.6 Hz), CE d) 4.54 (2H,
brd, J = 535 Hzeted \wt}zﬁazGQH( 4 &34045116!1&50”0‘36 by E(OE}@ (2b%g> 12@“9‘8")(‘%“3 s),
1.79-1. 69 (2Hpoibn ath238- Ad) l(@xl?'heﬂ%-sus%gtsﬁﬁr\&as Bridifify @3 2b LaR 01 M
N-{64(tert- buFoxy)car bon Iam nooxy] hexyl | prop-2- enyl ox%%t#fboxa de BocHN,

0 A sol BGLoRd B rewitiag honyegersoys stitios tpnslagred 4o a Jeparg anhydr ous
Et20 (5.00 ”leayl@&“ﬁtta@ﬁt) 4Wi 40" DBYhE SorRBindd EtOAS whsHET Bkde ctnla&aveemgs@d to 0
C. To this mxture 25 wa ransferred the product of Part 4A (12.7 mol;

5.00 nL of a ﬂltesdmdsc@n%mrw inyaqese§ cqjor! %@h@awasgseawﬁw thee resul ting

sol ution then mm,glsm%eﬁtqe@gog overnight as the ice bath melted. After
17 h the Et20 was renoved under a_stream of N2 and thﬁ ?ﬁuw%thlck
il &

oi | stirred 16 h t4 seluiqnaf crdpBpeshiie-@HALLY mmohtheotetica) in

sol ution was @Bol(Mtasjiwwttebteﬁv&f&gﬁaﬁthgtzinyl)didzamsthefer(eﬂo fnfnod 60BRAL 8f 02.9 f unnel
t hen successi vel){ washed with l&'zo 3@2‘3 20%a ueous. NaCl (2 x
30 nl). The r &swittiondn EeOXriraryyish qVeH0-gilk @ f! fgi"f Fepuagn- and
concent r at ed irfe 80K Jeflo sSIBRa Bl @irQlliibRb.298% élislﬁ:lef:bnﬁﬁletby

chromat ography on silica (3:1 hexanes/ Et0Ac; Rf= d%ﬂ% aWRexanes/ Et 0Ac)

to affordla cedylation %WCFSS((%“G@YHIY giazgmathane. W%S"‘ls%“e "EeDC13, 600

MHz): 37.14 (l&(’llti(blr o‘f lacial ﬁé’OPﬁ ]dfém a‘ﬂ%la@iﬁs ile?nozed ﬂaQraguo 5‘hc? cidd estebwd® (I n, dq,J
= 17.2, 1.6 Hz), 4.77 (1H,'brs). 4.55 (2H

brd, J= 5.0 Hzf)dlssqjveian WH ©0. OJnL)ecoeleﬂm 7 °‘é311d7tff‘e lii‘”"bta Pﬂ“l%‘sl‘r pregargd /)
1.63-1.59 ( 2H’sus sxo%%%%-ﬁ@?% l?(zi r’?’lé %gigxig?%mﬁloﬁzmé Rbu @)37 g 0402mﬂ=10§1n Miog m .

Part C - Preparation o exyl’] prop- 2- eny car boxam de,
hydrochl ori c aiﬂQjng}alatlargﬂpore ¢anhula needle was required for the transfer T ¢ resulting

20  suspension then warmed stowly to 22 °C overnight as the ice bath melted. After 14 h,
the suspension was acidified with conc. HCI to pH 4-5 then all volatiles removed in
vacuo. The solids were triturated with several portions of hot EtOAc (5 x 10 mL) and
removed by filtration through a scintered glass funnel of medium porosity. The
combined filtrates were collected and concentrated in vacuo to an off-white powder.

25  Purification through recrystallization from hot EtOAc (200 mL) afforded a white
microcrystalline sotid (1.47 g, 4.99 mmol, 49.9%). The spectral data obtained for this

material are in accord with that described for the product of Part 1A.

Part B — Preparation of (25)-N-{[4-(aminomethyl)phenyl]methoxy}-2-{(zert-

butoxy)carbonyl-amino]-4-phenylbutanamide, formic acid salt
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O The product of Part 48 (2.61 g, 8.25 trunol) was treated with HC (16.0
n-unol; 158.00 nL of a 2 Msolution in Et20), and the resulting sol ution
stirred 5 h at 22 C. The heavy white precipitate that formed was collected
on a scintered glass funnel, then washed with Et20 (3 x 8 nL) and dried to
constant weight in vacuo (1.02 g, 4.04 mmol; 48.9% . The resulting materi al
required no additional purification. 114 NVR (DMSO d6, 600 MHz): 8 10.95
(3H, brs), 7.15 (1H, brt, J= 5. Hz) 5.89 (1H, ddt, J= 17.2, 10.5, 5.2 20
Hz), 5.25 (1H, dq, J= 17.2, 1.8%&), 5.15 (1H, dq, J =10.5, 1.6 Hz), 4.43
(2H, brd, J= 5.5 Hz), 3.98 (%IQHN Q,Z\Eig{zb 2297-2,p3 (2H, m, 1.57-1.53
(2H, m, 1.38 (2H, tt, J=T7. Hz) oe4H m. 13C NWR
(DVBO-d6, 151 MHz): 8 155. 8, 133 8, 116.7, 73. 9 64.0, 40.0, 29.2, 27.0,
25.7, 24.7. HRI\/S oﬂakahdxohmegJ:@ﬂBQNZ@a(ﬂmNabl) in23D (B0 nL)ak Billited3ith 1363.
goPart D - FrapaLatan 2b Pagt 34 (0.442 g, 1.50 mmol

(2R - (o am ROMER GRS TOOmE) p peasduly RS S8 B p-442 8, 1.50 mmoD

met hyI pent anaji cie portin zitlzlecow@eﬁ toinpiead dissdiitibn QA0K1 SkinY, tHdlpedkudt oBBEHVT hr O
Nor"-----"--

3C tion of, Boc-plLeu-OH (0.231 g, 1.00 nmol)
in MeON (45008r?@fgmﬁ% upepaes &QHW?“FQQ?‘@EI&W‘S %?eﬁ%n imed 00 mol ),
:) - gg ZrI:IEt E} 174v1%musly,@@a[fﬂ@irﬁng%ﬁ(§ is ﬂé@zﬁﬁdﬁ@er@l?l‘gg@npﬁteQQS&MM?}&h@Mﬁ%&Q After
. , the s n eat e th t roaugt, rt g,
0 831 Tl + SIS B sHeOThEeS Sl A1 2D MR PRERRLE FEt B b t hen
partitioned be&m&m&&@]&e atlrloh Orht rd¢uRing EUSﬁerﬁﬁ)thaéﬁﬁngﬂ_'uzt%?gﬂﬂ))HﬁlM @b transfer
to a separato ayers s t ut.i on
5successi vel y"%@‘ﬁégeﬁf?”%co ecfe ncﬁsf"r"ltcge%agi‘?sﬁ Q)?fg'ﬁ‘% PO Sﬁ?ﬁ?l&{ged
ag g(e)gusf sloo ut wgres‘urmfer Mhmltl( ﬂz(ﬁ afE40.)5 0TmDiaddh) (he diidd)in trdfblea \t,(\lﬁ';[ Mﬁd: over .
My iltere concentrat e in v 0i ich was use
ot ur e e TSR e E o e bR P AU The 1 e
?ydroxam)ate Sster 'I(h@h&&&:lcdﬂmﬂ esfeh@'gﬂetgl @ef!?)rum)swﬂlcﬁésakmtt(adztlmd&:m}ﬁo I\/EC:\V H/§0
3.00 nlL) and successive treated with PPTS (,3 4 mol 9,
Et 2NH (216 pL® (675 Telg apgHgassi ﬂﬁ“Sa“?d‘ﬁﬂ‘Ed"( ?f}’g?%{ 'aﬂbdn%ml% FNFyy ot
22C. Conpl et e(1d§9th%anDaM&ﬁ§oﬁﬂ$@E(mQ2 Wstsmxﬁb@éom) Jb?°@n@@xﬁ%§1@| ution
was filtered through a pm Acr odi sk then |rectly purified by HPLC on a
Phenomenex? Luﬁiﬁ&rqt;fgmwawﬁer(ezllw@u&l bsBheambensdlvipnavas gghiphodf adi with £ r om
0-40% MeCN co &
produ(::t peak g%cﬁﬁﬁhmn&w m nzﬂ\;/giseﬁl@ger&g%{% egf?a@%%ﬁm Nﬁéﬁ%g Flgfégadv)(k}l te
powder (0.190dPLQ omaghqmgmemex Laga €18 colyan (212 x259rr@phtrsang|adﬁﬁ>/mfn gradient

r2re§ ‘E\ 2| g %2‘_16 frbra D365 MR AP e SndiBhHY RIS RPN A o ndiFih! fimBRT™Y!)

product peak eluting at 17 min was collected and lyophilized to a white powder (0.229 g,
20 0.498 mmol; 49.8%). The spectral data obtained for this material are in accord with that
described for the product of Part 1B.

Part C — Preparation of 2-{[2-({[N-({4-[((2S)-2-amino-4-
phenylbutanoylaminooxy)methyl]-phenyl }methyl)carbamoylmethyt} {2-
[bis(carboxymethyl)amino]ethyl }amino)ethyl]-(carboxymethyl)amino}acetic acid,

25  trifluoroacetic acid salt

i'( COzH ol
POk o

COH
HO,C._N._.COH
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[ bi s(car boxynet hypam nc] et hyl } am no) et hyl ) (carboxynet hyl)-am no)acetic
acid, 20trifluoroacetic acid salt M Me"--Lt HO : F3CACH 08 Lloo, H
HO20No02H A sol ution of

2-{bi s[2-(bi s(Rt enbutyl )oxycar bonyl i net hyl } am no) et hyl ] am no}acetic acid
(74.0 nmg, 0.120 Immo') in dry DM (1.00 nmL) was successively treated with
HOBt (18.4 ng, 0.120 nmol), i-Pr2Net 25(35 j.xL, 0.20 nmol) and HBTU (45.5
ng, 0.120 mmol ) atA sddution of2-{Es[24bidH(sbrs- t he solution was treated with the

product of P 4D OR 4l ting

sol ution was }?Qﬁ‘é‘%ﬁ{? gl‘ﬁ%ﬂ@%@@?‘“ﬁ"&“ﬁa}? ‘f'?ng? %%@P{@ G O%Qﬁi with 0.1
Mcitr |( c aci ;:IDMF (3. Ogﬁawh)as sxﬁce&s:MlMﬁt&d(vﬁtbd{th (ﬂ&§ rx@]d%ﬂammpmiefﬁzwﬁweous and
NaC1l 30 nL e ied qver a entr in vacuo to
a col orl ess oflépb\ﬂ’iocﬁo d'&%%?ﬁo ‘]fl {’r%ﬁ OBGP%ﬁ%ﬁbsﬁ"bﬁe

S Ebs equent SI ;:Iemmogwaé @alms&gemm tg&ﬁowcobi?%hgg 0(o ggs‘)bgl,gﬁ:oe n(xﬁbl)’lﬂmgmmimula .

t heoretical) was djsso ve indio t he treate
with H20 (2 p[?“&%‘“ﬁl@‘i“‘(@%sﬂﬁﬁi(, thep garfifions betye ?ﬁ&:ﬁf'ﬁ-‘ di oxane)
at 22 Ch The %&S@bmmclga\m tiséﬁif?tQWaSéﬁat&ljlrpmnms Thé layerreﬁpar'éteﬂn andhié i ng whi ch
time a heavy it reci pitate_for n tection,

vol ati |l es vver@“F‘é'Frﬁg' Aheeyit ‘lhEt?fA‘rcggﬁ]SBf’&(rirzTgﬁ? gﬁg(?‘g%g§edf Ve reS| due
directl yl (%Jr i fucedsityy h@h]@ @fth &1 Lﬁlzge;(ymursam lsmﬂazediacﬁlecnl s(t)im_l“!or'(bs\Z)INgHifgé 581%) t
using a mn ien om cO n n 0 a
50, e o 10 Thena e G500l Gt g dtien et Ving o R it roqssdt el Raate amg

| yophi | i zed t 9cqlorWsd diPwkiCHEI& usébRithbulBrthek. fub fcation in th&¢ubfhent Héprodddton
(015, S 300 N I T (5L I 07 85 R 2, (2
rs s), 3. . t, J= 6. . 3. . brs), 3. . s),
3.34 (4H, brt, J= Theprodtied conjigate @}309 ninth! thdoretidal)3yas Qissold)in diBx4Ha (KQKH, bit,

J= 5.9 Hz), 1.60-1.50m J=.7 6-1.26(411, m),
0. 89 (3H,)d, H‘L)tilsn%m%‘-‘sil&‘)'”%?“’éﬂ']*ﬁ@@&F‘Lba"dfzs‘{%'(léﬁ’m“)ﬁbmﬁﬂc 6, 1?1
MHz): 5 1?? 7301&@5114(110}3&@? 22 A0 TR} réﬁltmépal@é@lﬁ)\\"%)utmﬂ%s §t1rfeﬂ115-l3\-dl3|9@ Hz) ,
75.3, 54.3, 53 S, 48.6, . 28.7, 27.4 261 24.9,

23.7. 22.2, 2whigh timpakeayyMhifc pl@?lpwem% Ne £opRiEideprateqtion e volptijes o -
621. 3462. Exame?en?&g&(nzvac&o dnfl Mre WiBrelsb R RksiduedBaiovad {n44,0 containing 0.1%

TFA (8.00 mL) then directly purified by HPLC on a Phenomenex Luna C18 column
(21.2 x 250 mm) using a 1%/min gradient from 0-40% MeCN containing 0.1% TFA and
20 10% H,0 at 20 mL/min. The main product peak eluting at 25 min was collected and
lyophilized to a white powder (0.181 g, 0.176 mmol; 58.5%). 'H NMR (DMSO-ds, 600
MHz): § 11.79 (1H, brs), 8.96 (1H, brt, J= 5.9 Hz), 8.37 (3H, brs), 7.39 (2H, AB, Jas =
8.1 Hz), 7.32-7.29 (4H, m), 7.20 (1H, brdd, J=7.3, 7.3 Hz), 7.13 (2H, AB, Jas = 7.1
Hz), 4.84 (2H, AB, Jag = 11.8 Hz), 4.34 (2H, brd, J = 5.8 Hz), 4.25 (2H, brs), 3.65 (1H,
25  brs), 3.50 (8H, s), 3.38 (4H, brt, J = 5.8 Hz), 3.05 (4H, brt, J = 5.9 Hz), 2.54-2.50 (2H,
m), 1.96-1.91 (2H, m). *C NMR (DMSO-ds, 151 MHz): § 172.7, 165.3, 164.8, 158.1
(g, /=322 Hz), 140.2, 138.7, 134.3,128.9, 128.5, 128.1, 127.3, 126.2, 116.9 (q, /= 299
Hz), 76.9, 54.3, 53.9, 52.2, 50.2, 48.7, 42.1, 32.8, 30.3. HRMS caled for C3,HagNsOn
(M+H): 689.3141. Found: 689.3147. The optical purity of the product was established
30 by chiral GLC analysis (99.0% L-homophenylalanine).

Example 4

2-({2-[({ N-[6-((2R)-2-amino-4-methylpentanoylaminooxy)hexyl]carbamoyl }methyl){2-
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phenyl phenyl ) pr opanoyl am nooxy] hexyl }carbanoyl)nmethyl] {2-

[ bi s(carboxymet hypam nc]ethyl } am no)ethyl) (carboxynmethyfiam no]acetic
acid, trifluoroacetic acid salt Ph HHF3C OH 00 1.) CO2H HQ2CN, ,, CO2H 25Part
A - Preparation of

(2R) - N- (6- am nohexyl oxy) - 2-[ (tert-but oxy)carbonyl am no] - 3- (4-

phenyl phenyl ) propanam de, trifluoroacetic acid salt Ph HF3CACH A

sol ution of Boc- [&Edcﬂh&iﬂn(e&ygaﬂmg}em;d}&ﬂm}uﬂy)}(dafboh@a@ﬂhﬁl}hnﬁxwat‘eﬁcams
successively treated with HOBt i-Pr2NEt (174 gL, 1.00

rrunol) and HBTU (0.379 g, 1.00 mtﬂﬁmrgdﬁf“cﬁ@sa]ﬁ\fter 0.25 h, the solution
was treated with the 5prodygt of Part 4C (0.210 g, 0.831 mml) in one
portion. The resulting soI uh'\l on was stirred 1 h _tfen partltloned bet ween

EtOAc and 0.1 Mcitric acid m(ﬁe\a/c\),qwt h.t ansfFQ,r 4,0 a separatory
funnel . The |ayers separat#dl § the EtO Iut on successwely washed

wth 0.1 Mcitric acid (2 x 5 rrL) and saturat ed équeous sol utions of
NaHCO3 (3 x 50 ni) and NaCl (50 ni) then"8frdt-B¥er mysos, filtered and 10
concentrated | n vacuo tg a white solid whjich was used t further

o T cati on PRt o rGues o Bt o bR RS méthigiobat e
hydroxamate ester (0.831 mmol theoretll\%qll)\,w@@ oJdi ssolved in 2:1 MeCN H20
(3.00 nlL) and successively treated"t TPPTS (33.2 gm)l 4 mol 9,

Et 2NH (216 pL, 2.0 ° at 22C.
15Corrpl(ete Elepr ot e‘gfmﬁﬁ&@p@ﬂ‘géﬁ%ﬁ% %?pg‘?%ag é‘yﬁar ‘Jer%é? B\t ut| on was
filtered throngivl;aCHarrdyve, M. Aoutidngek Pt; Péchod Cr; ®etabryT. pmdrmﬁﬂBbllddm,M on a
Ph L ] 8 I i 0 -Hsi| (] f
Penonenos Bk bRg! I, it S50 FHEL Gel i RSN 10T
F8a§48| uti ngzgtso{i}ﬁL m|9r1 rhzmsnﬂmh b?ﬁéd?dﬁacdmylﬁmugoggds ﬁms&rmﬂlhds@lsﬁi\fdglé (11
n ; . 69 -
b o) . 777607 OO iy ot /0 M eStign el s il enryirbiony * g s

8.0, 7. 4 Hz) cc?inc?r&d(\ﬂltll cl;mpht’lbn of‘lﬁe tfandferZ)he rgsuﬁﬂagécﬂhhon/\&s w&ﬁﬁeﬁo&Q@CHz)
7.06 (1H, brd, J= 8. 4.02-3.99 (1H, m, 368359(%@ rﬁ 2.88 (2H,
ABX, JAB = 13thsn Hiatedmﬁl Mé“%qlﬁ” mRyand “@n%fefﬁi‘)‘o a separgioryfunngly [he layers

1.52-1. 42( 4llse ted hnPBthe ﬁcﬂ]@ousﬂ)yer Washed hitR OHHAN (3 130 mRR PRelcoRbinedr €par ati on
of 2-[(2-{[ (N [ (2R) - 2-am no-3- (4- p enP/I phenyl ) pr op% | am ngoxykhexyl )
car banoy Oret hwaihef were washed with 20% aqueous NaCl then dried over Mg$ iltered an
15  concentrated in vacuo to a pale yellow oil (3.2 g) that was used without further
purification in the subsequent alkylation step. 'H NMR (CDCls, 300 MHz): § 5.90 (1H,
ddt, J=17.2,104, 5.6 Hz), 5.29 (1H, dq, /=172, 1.6 Hz), 5.19 (1H, dg, /= 10.4, 1.3
Hz), 4.71 (1H, brs), 4.54 (2H, brd, J = 5.5 Hz), 4.20 (2H, t,J = 6,5 Hz2), 3.17 (2H, brs),

2.98 (3H, s), 1.79-1.69 (2H, m), 1.55-1.29 (6H, m).
20  Part B - Preparation of N-{6-[(tert-butoxy)carbonylaminooxy]hexyl}prop-2-
enyloxycarboxamide

(oS- NHAlloe
BocHN o N

A solution of N-Boc hydroxylamine (2.37 g, 17.8 mmol) in anhydrous Et;O (5.00
mL) was treated with DBU (2.85 mL, 19.1 mmol) then cooled to 0 °C. To this mixture
25  was transferred the product of Part 4A {12.7 mmol; 5.00 mL of'a 2.53 M solution‘in -
Et;0) by means of a cannula. The resulting solution then warmed slowly to 22 °C

overnight as the ice bath melted. After 17 h the Et;0 was removed under a stream of N3,
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(bi s(car boxynet hyDam nol et hyl } am no} et hyl ) (car boxynet hyl ) am no] aceti c aci d,
trifluoroacetic acid salt Ph H2NAl or HO Li CO2H F3Cl OH HQO2C. " NCO2H A
sol ution of 2-

{bi s[2-(bi s(Rt ertbutypoxycar bonyl knet hyl } am no) et hyl | am no) acetic acid
(74.0 nmg, 0.120 nmmol) in dry DVF (1.00 nL) was successively treated with
HOBt (18.4 ng, 0.120 nmol), i-Pr2Net 5 (35 pL, 0.20 mml) and HBTU (45.5
mg, 0.120 mMDind tied rediBiing tHikR 6l stldred 36 R to éd3dre sohpiticatnwasiont Adait taid timef the t he

Dol Ut on was. SR & Ged O (Oie R REGRE e el hhed wi (1 0. 1
NaG (30 M) TRt e kS Y0 ﬁ"“""‘m"m‘*“i‘ﬁ‘i?a‘ “’["?3“’?'#&3"228% oa
Color 1 oss 01 1 FadmaR L Saien et e droveS Pnler s PR PR fo

tsEléz Sg 'I[J? (r:l; ? ;Jlewl?eﬁ_etv?g:il\llﬁ Wappurified by chtbfapgmpiganailice (] h@meeraainf\x‘d,?m- m ; e
with H20 (ﬁ p&iﬁhﬁwesﬁﬁg;{z%trrﬁﬁ?ﬁagé’gﬁﬁﬁﬁ(g%"?%l8}% 3 tﬁﬁ;%)nzgi nydi o\>l<vre11ne¥1
at 22 C. The NPRUCDOY 6p@Meizy 37l 1aW1 B Mrs) §.9n(1Haddts +17.2d 05554 H2dr29ng whi ¢
Vol at 1 oe. vir bt el Aapdai g Bt 67 R3- ERERL AT (RBESCR GRT Y due

st g, L%@”Hmm Lo O Ao NeCh cont ai i ng. 0. 196 TEA and 1056 H20 at
gg m?/m n Sﬂégg(ﬁ L?%baﬁ) gl{%%f\l tmr}lo m ng\A/aé c%l | ect ed and0

500 M) - 5 t%rﬁe“‘?i L1 @%%meaﬁ%a%ﬁgr%g?%bﬁ%%@%%fﬂ s 5.5ty

7.64-7.63 (4|—hydnf)chlo7lc4c?id§alt44 (2H, m, 7.37-7.34 (1H, , 7.30 (2H AB, JAB=
7.8 Hz), 4.13 (2H, s), 3.79 (1H, brs), 3.63 (1H, ABX, JAB =9.7 Hz, ../Ax =
6.8 Hz), 3.53 (1H, ABX, JAB = 9. T oIBX~="6 "), 3.49 (8H, s), 3.45
(4H, brt, J= 5.8 Hz), 3.09-2.99 (4H, m), 3.03 (4H, brt, J—60Hz?
1.37-1.32 (4H ) ,The pReluctbf P&t 4B1£3.61n, 8.25 3endMRa tm@m@ﬂcislﬁq\xmp 5 172.7,

i‘gg 2 1'225 7’ 8%(; Lffg%%sggtlodﬁn ﬁ?ﬁé)&gﬂ éé?ésgl?g&go?mgﬁ %r‘?e%gh %l:b% S E'hé‘é? g’

48. 6, 38.7, 3heaby wBitk frecipitateIhat Z@rmed wad c@lectetRiia sriritered glass funnel, then
C35HS01\ 16011 1 Found: 731.3612. . | e )
2- ({24({N16- (@%ﬁ 2(111&%?93? % mL) ) gned to consémt2 wexghl%xr?\%uo (lsz g, 4.04 mmol;
cycl ohexyl pr omﬁﬂaylﬁmrmbmg)ﬂaemyll r]:q:mdbama@dnt}mltﬁmyiﬁ}a(t@n 'H NMR (DMSO-d,
[ bi s(car boxy t.hyl }( 0 1 aci d,
5trifluor oacgﬁ@%mqggﬁ P, ng‘{_"}&\ﬁ, r}f,} 50531[1% §,¥§'ﬁﬁi})§5¥?ﬁl Q%’aﬁ%t’ 53
20 Hz),5.25(1H,dq,J=17.2, 1.8 Hz), 5.15 (1H, dg, J=10.5, 1.6 Hz), 4.43 (2H, brd, J=

5.5 Hz), 3.98 (2H, t,J = 6.5 Hz), 2.97-293 (2H, m), 1.57-1.53 (2H, m), 1.38 (2H, tt,J =

7.1,7.1 Hz), 1.31-1.22 (4H, m). ">C NMR (DMSO-ds, 151 MHz): & 155.8, 133.8, 116.7,

73.9, 64.0, 40.0, 29.2, 27.0, 25.7, 24.7. HRMS calcd for CoHzoN203 (M+Na): 239.1366.

Found: 239.1363.

25  Part D — Preparation of (2R)-N-(6-aminohexyloxy)-2-[(tert-butoxy)carbonylamino]-4-

methylpentanamide, trifluoroacetic acid sait

Me

o]
Me’ H

: A
BmHN’ﬁrN*of\/\/\/NHZ F3C” TOH

A solution of Boc-DLeu-OH (0.231 g, 1.00 mmol) in MeCN (4.00 mL) was
successively treated with HOBt (0.153 g, 1.00 mmol), i-Pr,NEt (174 pL, 1.00 mmol) and
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F3C OH H2N 08 LI000-1 HO20N',cO02H Part A - Preparation of

(2R) - N- (6- am nohexyl oxy) -2-[ (tert-but oxy)car bonyl am no] - 3-

cycl ohexyl propanam de, trifluoroacetic acid salt H
SocHrirNO-",/----- "-NH, 0 F3C-11'0OH 10A solution of Boc-DCha-OH (0.163 g,
0.360 Imm]) in CH2A 2 (3.00 nmL) was successively treated with HOBt (55.1
ng, 0.360 mmol), i-Pr2Net (125 gL, 0.720 mmol) and HBTU (0. 137 g, 0.360
mol ) at 22C HBfl'UE(O 3@9 3. domxm at30loqt iAGier 0\8Sh, icadtution Wad featddaviarigduct  of

Part 4C (75.8 , é |n one portion. The resultl ng sol uti on was
stirred 1 h th@ “%Pﬁpaﬁd‘lca(ﬁ)lzll & G-8dumel) ipng gertian: eGSO S anat e

ester was 15 RS9 QhehGhrtitianed bbrddAVHERR and. QMMa&H@S@MQ@%&W&I y treated
with 17.1 ng TPPTS (30.0 tunol; 10 nol %, Et2NH ﬁ%‘&%@éﬁ’o 75 mmol) and 3.4

my Pd(QAc) 2 (T&sERidie spargprygynngl D layerscerisptediand the {uB®P was obser ved

wWithin 1 hg TMCJSQ%%M&% With qu%&hcuécim x\%snlglahalgz@ﬂat\w hduebiRQoRsrsai ni ng
en filtered throu srn I sk and directly

0. 1% TFA (5 00 }@}lﬁp g

purified by HeL 43 P8l nepdNaCh (A% @e%@“iﬁlrﬂ’(ewg§ ergd mm) using a
1% m n gradi epdncdri@idt vaettfo MREI IR i1 ahidhRehs dsel %oithoht faﬂ'ldar petificatiéh iat 20

m./ mn. The main product peak eluting at 38 mn was collected and

| yophi | i zed t B¢ SURRFAVER dBRFRGEHONGSIEP. 7 g, 0. 156 mmol ; 51.8%. A small anount

of TPPTS can be delthegﬁﬁslhyd}oﬁahﬁteldgte}\ma3$mmwaen&alﬂ%d(sabmld@1 600 Mz):
8 11.04 (1H, br%%\l .71 (3H, brs) 83-3.80 (!

0 015 36 Vs eNEBDXA00 L) and gbessivel preed vih 185 i TEPHS (Pguimalyd mel 45 1 b7

E ?)HIVB O”LG 11??')/%@?16 éL2§09 Jam(BY) aﬁé‘hﬁ nE?Pd(@A%Z gl% 57,§n&|2ﬁnorm) athQCC.N?/R, \

300 Hz), 77.9Compiew deprotectionIgs vbses@ B’Hh@Z)SBh E@ambewl%wnwﬁlter% 8, 26.0,

385, 3016, par 1" E RSyl AYBUERAE Gl OB HPLL S i Hhpomiia, Sk ag Found

cycl ohexyl pr ogamy(mmmw)lhamlakld/dmbMM) fremtiy40% BeCN containing 0 1%
L b1 s(carboxy ek RYRAHYR ALE 0 AR CHRIFA b8tk BXEIRLEN! i) acet i ¢

acid, trifluoroacetic a
collected and lyophilized to a white powder (0.190 g, 0.413 mmol; 49.8%).

Part E — Preparation of 2-({2-[({ V-[6-((2R)}-2-amino-4-methylpentanoylaminooxy)-

hexyl]carbamoyl}methyl){2-

[bis(carboxymethyl)amino]ethyl} amino]ethyl}(carboxymethyl)-amino)acetic acid,
20 trifluoroacetic acid salt

Me

Me)\? ) ., (co,H o
HZN/\rrN.O/\/\/\/N\n/\N/\VN FaC™ "CH
) CO,H
HO,C._N._COH

A solution of 2- {bis{2-(bis{[(tert-
butyloxycarbonyl]methyl}amino)ethyljamino}acetic acid (74.0 mg, 0.120 mmol) in dry
DMF (1.00 mL) was successively treated with HOBt (18.4 mg, 0.120 mmol), i-Pr;NEt

25 (35uL, 0.20 mmol) and HBTU (45.5 mg, 0.120 mmol) at 22 °C. After 0.25 h, the
solution was treated with the product of Part 4D (46.0 mg,-0.100 mmol) in-one portion:- - -
The resulting solution was stirred 0.5 h then diluted with EtOAc (50 mL), washed with
0.1 M citric acid (3 x 30 mL), 6.1 M NaOH (3 x 30 mL) and saturated aqueous and NaCl
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F3C OH 00 1.1CO2H A solution of 2- (bis[2-(bis{ Wrt- 10

but ypoxycar bonyl } net hyl } am no) et hyl ] am no}acetic acid (18.5 ng, 30.0 gnol),
HOBt (4.6 ng, 30.0 lino') and the product of Part 6A (12.5 ng, 25.0 linD in
dry DMF (1.00 nL) was successively treated with i-Pr2Net (10 IsL, 6 pnol)
and HBTU (11.4 ng, 30.0 Knot) at 22 C. The resulting solution was stirred
0.25 h then partitioned between EtOAc and 0.1 Mcitric acid (30 nL each)

wi t h transfer (30onk) thaphied bosr MgSOyfilered ﬂhmnt&tda&ym&cmarcatoeldssamd t he
aqueous | ayer \f\]/a he conbi ne Ac | ayers were

d wi,th. Et
successi vel y \X/’as &g usefiﬁ“@o'ffq'l\ﬂ%fi(?"rn:hcatﬁ)é’l% g %PS qé’tert'frdﬁ Rl géd‘lfggus sol utions
of NaHCO3 and NaClTHeProted& dﬁlyumm)loohmmldraogdcadw\eers didy 4, in liokdrer ed and

concentrated i o to a col r es rther
ur 11 catt on (GREdearcufiesheSupplriberd SRRl Bl Bibantidins uga o
(25.0 unol st haamt;dl@taﬂn)mu@ﬁané)aiamb@ewlhd s wa@en&vmmmas 5the’ 15 h,
successwely treated with H20 pL) .and HC 00 mmol ; 500 nL of a 4 M

sol ution in digKETEychdimeDheayy vrme nf@%m!afei fﬁ@leﬂapgownrw %e@rqﬁql% thtas

stirred 18 h, velhilbd\Werdfiinted d Llumer DstiR8A Y NV dltRe WhiRGhIM fediti€ iREMEShrifilPoNn
conpl ete deprotectlon the volatiles were renoved in vacuo and the white

solid resi dueby BRLCoBpFhepomeneyiama 68 splpmn 1al % S40mminysinead Yo mingrydienen

directly puri fomth-4u% !vECﬁ BftadinPDEIPTEA G LO%H;@&BZOGQ]L/H{W T Inatn X 250 M)
using a 1% mn adl% E rom 0-40% MeCN Cont ai ning. 0. 1% TFA and_10% H20 at
re

20 ni/ ni n10ThERust fe g 2t 294miR W cAllerigd and Ixaphilizid (Rasvhitg ppwder &32-Ond
|y0phl lized te faommopwm HARIRNDMSO-3;, BOOMHZzE 0 1. R SaySEu s1a 1, 600

e 376 (ot sSk %3(2%QH@F§|}1%{2H93)(%??(2§*§tJg@%ﬁ%mﬁﬂﬁs%%@ﬂm

t1d67JI 47190(83@{ @)3464}0%(#15 sb{zt),,3 ni’zﬁ 18 J“Ebss 47 FIZ) Qﬂ)t‘l(ttmlbﬁl Jés913 1 Hz),
I 3001 10 { artizhy 6078 ik bibaHiE, 192, ik 1y G sab L kv 7 (g
J= 30.7 Ha}, 631—12?,0(87(3[4—d 36G.0H13). PONNBIR (PM deé?psﬁmrﬁﬁslnztﬂ&su 48. 4,

40.0, 38.7, 3 2 28, 7 2 5 25. 4
24.9. HR\VB cal %4d4 f‘gﬁgzéﬂéi%d#il‘(‘ﬁ#ﬂ J B%OP%%Z?@? g‘birﬁa% &.égs%-ﬁaaanpl e 7
io(l[z ({ [Nl(a@lo,%(ﬁfmavammg ﬁ&gl{%ﬁm?% 2|2)0 HIEMS cal;:c]l for Eﬁms)Ns?'zl (M+H):

ropano ro en me car bano nme -
[b?/s(pcarpboxzng{nh:{}‘l?? ﬁ%‘ﬁ‘ﬂj@{ﬁ% %amyno) et hzl i (car boxzrret hyl ?am no) acetic
acid, trifluoroacetic acid salt 7 H H%N—to1 r.co2H r 3cA CH

20 2-[(2-{[(N-{6-[(2R)-2-amino-3-(4-
phenylphenyl)propanoylaminooxylhexyl}carbamoylhmethyl}{2-
[bis(carboxymethyl)amino]ethyl } amino}ethyl)(carboxymethyl)amino]acetic acid,
trifluoroacetic acid salt

Ph\O\ [,002H JOL

HzN’:\rn‘O/\/\/\/n‘"/\N/\’Nj FiC™ "OH
0 o COH
HO,C._.N._.COH
25  Part A — Preparation of (2R)-N-(6-aminohexyloxy)-2-[(tert-butoxy)carbonylamino}-3-(4-

* phenylphenyl)propanamide, trifluoroacetic acid sait
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aca, H Part A - Preparation of

3-{4-[ (Prop- 2-enyl oxycar bonyl am no) net hyl ] phenyl } pr opanoi ¢ 15acid

A 500 nL Parr bottle was charged with a solution of (2E)-3-(4-
cyanophenyl ) prop-2-enoic acid (4.33 g, 25.0 mmol) in 2:1 MeOH 28% aqueous
NH3 (300 nlL) then treated with Raney Ni (5.00 g) in one portion at 22 C
The resulting 20 suspension was sparged with H2 then pressurized to 50 psi
and maintained 5 h; -2 equiveh re consunmed at this point. The vessel was
then purged with N2 and charg ith additional Ramey Ni (2.5 g). The H2
at mosphere was reestablished, anding QL@LQQQJMntkEJgﬂS upt ake ceased; -135
psi total consunption. The vesEl Jase purged with N2 and the catalyst
renoved by filtration through Celite. The filter cake was exhaustively

washed  with 1: 1 NeQ#AGr b SBACOMI 2 AN 1 b euRaThIvE: fdotaiatuas

concentrated in vacuo to a white crude amno acid (25.0

mmol t heor et @E}Iﬁf)sslmtrw@péﬁﬂé@mﬁ@ léhByUQQjBQOITHFPYMOWHmL {Aepmobeaded with
| -Pr2Net (5. 2§Brﬁj (032903 ol #523‘% %I?'{epé 95 Ql’tﬂ‘gastoﬁmg§ W {eg% Wdﬁz'tQheS mol )
nm an at

was then added over r eés suspension stirre
22C. The nbw mdmem(ﬁallmgtmlmommtemlmtTheOes]xlting@utK(nz\m m_) t hen

diluted with EtO r The

| ayers separ at “(fd % aﬂgl)oﬂéégobﬁgkl a%gifimagtt?gldﬁ ﬁgﬁ%ﬁﬁ(%@@ﬂ% The
conbi ned Et OAUaﬂs&yEr&epmateryd’mueU ThedayelsyG§@htediant! theritdAasduteoncent r at ed in
vacuo to a colorl Qi l LT L silica
(30°% 280" rm) “rfacsSetet ABbo SN ciite R ' By PonG RERHE BREARIMUED G
bet ween 320 4Qﬂ~fai=LC03v(/as 56 oill) @end WalClHhit miH ther dtigdatveMe8Oa fiftaediardl whit e powder
(2.93 g, inQRO Mz

H22 7207 28D Pl e e 54 s wiopnpGF oy 0 )
17.0, 10.7, Ssibsedmdnt deprétectionbiep.brd, Jr 17.0 Hz), 5.20 (1H, d, J= 10.2 Hz),
155.11 (1H, brs), A = 7 Hz

2.93 (2H, t, J= 7.@'63%‘1,"@&‘%’%(’%5!3%63,&1&?ﬂ/’lﬁ%’éaﬁ’a N%E%é%‘%ﬁ 151 ?\/Hz)
8 178. 2, 156. B{eCNA®HCH3.0034.) 2nd §8cesSyeld Bt willP1B.%mg IIBVTSY(3385m70,l, 4mol3, 35. 5,

202 o Sk i A DA SR e o0

enyl oxycan S)OX@BlnﬁﬁteHQ)rNb’Aldn@fas observed AVithial 08 h. orhecatnbta;tuamamdw:ﬁméd Par t 7A

(1.32g, 5.00 nunol) in dry THE (25.0 nL) \ cool ed t 0OC and tre d wth
Li Al HA (10.0 Hhevsh 2 048 mp fgrodjsk ‘ge‘ldlmc%%‘iﬁ?ﬁahl’ ?‘%@ F't?ﬁtﬁl‘%’b%\? §20 m n

using a syri nguhs! 2xTiB@n§HﬁB Sl 194ym a@éﬂtm&dofbo%ne@ﬁcgnt&&n@ml%n
warnmed to 22 C and(mrral nt ai ned ﬁ@5 h. \Xfa?er cool i ng C, excess Li AlH4

was consuired BjA@RG1%AHe? a1 20akmin o fhegpainpigd \(C&B%?kﬁll")‘m%f‘tc?st“ﬁ% “2sul ting
white SUSPeNsiARcEISHAFEhIREY ol ARl PBwdir(i 1 ABY0aas pRs, Dadh (MSMEIL) and
H20 (1.20 rTL

(DMSO-ds, 600 MHz): 5 11.06 (1H, brs), 7.70-7.60 (4H, m), 7.56 (2H, AB, Jap = 8.0

Hz), 7.44 (2H, dd, J= 8.0, 7.4 Hz), 7.33 (1H, brt, /= 7.4 Hz}, 7.31 (2H, AB, Jas = 8.0

Hz), 7.06 (1H, brd, J = 8.2 Hz), 4.02-3.99 (1H, m), 3.68-3.59 (2H, m), 2.88 (2H, ABX,

Jag = 13.5 Hz, Jax = 6.1 Hz, Jax = 9.3 Hz), 2.73 (2H, brs), 1.52-1.42 (4H, m), 1.31 (SH,

s), 1.30-1.25 (4H, m).

25  Part B — Preparation of 2-[(2-{[(N-{6-{(2R)-2-amino-3-(4-
phenylphenyl)propanoylaminooxy]-hexyl}carbamoyl)methyl] {2-
{bis(carboxymethyl)amino]ethyl }amino}ethyl)(carboxymethyl)-aminojacetic acid, -

trifluoroacetic acid sait
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then stirred for 0.5 hto a fine white slurry. The solids were renoved by
filtration through Celite, washed wwth THF (5 x 20 nlL) and the conbi ned
filtrates concentrated in 30 vacuo. The crude oil was purified by

chromat ography on silica (40 x 260 mm using 1:1 pentane/ Et0Ac (Rf= 0. 2).
The mai n product el uted between 600-800 nL, was collected and concentrated
to afford a white crystalline solid (0.795 g, 3.19 nunol; 63.8%.

51.5-53.5 C. | FINWR ( CD@L3,~600 MHz): 57.18 (2H, AB, JAB = 7.9 Hz), 7.14
(2H, AB, JAB = 8.2 Hz), 590 (1H, ddt,J= 17.2, 1Qcdw 5. Hz), 5.28 (1H,
brd, J= 17.0 Hz), 5.19 (1H, dgy, QJ%;{L %)6,,,( 4.57.%3H brd, J= 4.9
Hz), 4.31 (2H, brd,J= 5.8 Ir“fz'“),05§.6 2H, Cg‘é )cl j, 2.66 (2H, dd,
J=7.7,7.7 Hz), 1.87-1.82 (3H, M. 13C NWR 13, “¥51 MHz): 8 156.3, 141.1,
135.9, 132.8, 128.6, 127.5, 117.6, 65.6, 6X°94%* 34.1, 31.6. HAMS cal cd
for Cl4F119NO3(M+Na): 272.1257. Found: 272.1263. Part C - Preparation of

N- ({443- (ami nooxy)prOBirneh RdRFIZT GBS prop- 2- enyl oxycar boxani de,
hydrochloric Blﬁ}l%x?@drﬁon'f@nﬁg -}a:@in&)@ml}mrﬂliﬁ@}acetic acid £745®mplt0. 120 nhol} fAInpr oduct

of Part 78(1.25 g, 5.00 mml ), 2-hydroxyisqindglinel, 3-dion .979 g, 6.00
mmol ) and éph@“’{%(‘@ﬁ my.) was %{‘?SFIM%%?M%%H}ﬁogkﬁsémﬁ-‘ﬁg?‘%@s‘g‘g‘é@g‘edgt 00C
and treat eq Waishi DEAPald1)%36 HBETU (45 30010120 hnldl)QPYE K2 Afis .25 Rathe t he or ange

color did not persist The solution was then warnmed to 22 C and treated with
the 15 remai nFAgioppaptreatedngith the product of Rart 3b{Sy Odnsp S0 emplldp off PREIIGR.  The

pal e yel | ow s@fdifhihelsBiiBoPREAIREd0 ¥RThnANGRA WitR ERDIAL (30 YA Ulashdidwith r ect |y
purified by chromatography on silica usi

; Eagagradient eIutionfrorﬂnagf:Z->
1: 1 pent anef EPO A cipnreidd3 & 30 mly; O 1 NWaQH 6 3 GinL) andppiuralrd sgyrors 9N ni ng
fractions wer goGRryRhdnQrie@bets MYICE Milerlafd Eddcehtdlrl ifvaehd/Bladblokids ool i d t hat
was further purified bg recrystallization 20from EtOAmge,ntane to afford
fine col ofPes¥hichags we (’VI‘!‘%‘F%@@"M‘&‘{O@ in the sbsequertdeRroeHionsigPer i al
remai ned cont am nagRchribcidd cBhjgaty (ON00 Bind Xi6REQDYAsAEss1PadGR RN de and

was therefore used directly in the subsequent deprotection st

. Th
or ude pht hal | (6198 12 1 segcerslydreasd MiB B 2 BLYBTGHEI 1 MROL SO0 mhiof ¢ hen
treated with Hyqy auig ik o) dTbz o9 ea&[n@g%lteleygu%ngoéﬂﬁwa@mr&h12%, C.

Wthin 5 25 mn a Ite precipitate 1ornmnmed the reaction was
conpl et e. Thedwingpdvici towe alesvicwhitsanedipitatsdoimedy Hpomcamniete drpratestion.theng sol i d
material tEit ' . . i i

through a 1éci g lglpgsgyég% %ts]n S E%dzu‘%lrﬁiéllsa gﬁf%g ofiﬁ% %J‘Irdg?%’vﬂvf/ges% yﬁ%r?mt{er%{f% tté)rd! vm'_ltﬂ HC1
(8.00 nmol ; 2bPHPHC ook Phendmvhediung Ch B colpmul (20 2an20 rambusinge 1Ye/min gradignt

precipitate Cg—LJﬁggﬁgngg&gﬁwﬁﬁégbg%ﬂﬁﬁtﬁ@@h@@%&ﬂ%ﬂgwh@@at}pd with H20

and Et20 (3 3 ried to constant wei in vacuo (0.345
g, 1.15 nmmol ; p@Bucphak ehfting &71Q nfid ey clivRed DidEgerkilized® awhitppogdar (308 ( 2H,

brs), 7.72 (1H, )= ; 7 H = 17.0,
N0t & 4 5. e hd mpdornen, HiMR OB Akorhman 180 185K g 170
10. 2 Hz), 20. 4Brsf, RMD (I, brd ¥ =5. L Hz)1 7.64-F6p (4H, ni)47.6 244 H,3m), BILTBE{1H,4. 00 (2H,
t, J= 6.5 Hz) 2. 2H, 8 . (PVBQA6, 151
Miz): 8 156. 1,‘“)’%’38’.]‘3‘,%’ ’%7;“& 71%%@7%@%&?: §1§§¥bb%f66%gﬁ{%@i%ggﬁ 43. 4,
30.6, 5 28.9. HARNB=GA B, 1.67 (16, ABXoX2039.7 ReHpy =265H52179 (3Hoskai45 266, 1550.
Part D - Preparaj.i = 2 -
(3R) N (344 (B ROVEERY BRI ARSIy 8 %192 it m, 123
car bonyl anmi nol184Haol & NMBr(OMEC, dE, Mbz): 811027066 8t 1@.2a83710 Gy £31.8

25 Hz),139.6, 139.0, 133.9, 130.0, 128.9, 127.4, 126.7, 126.4, 116.9 (q, /= 299 Hz), 75.3,

| 54.3,538,52.1,51.5,48.6,38.7, 36.5, 28.6, 27.3,26.0, 24.8. HRMS caled for
Cs3sHsoNgOyy (M+H): 731.3610. Found: 731.3612.
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A solution of Boc-DTrp-OH (0.110 g, 0.360 mmol ) in CH2C12 (3.00 niL) was 10
successively treated with HOBt (55.1 ng, 0.360 nmol ), i-Pr2Net (125 p.tL,
0.720 mml) and HBTU (0.137 g, 0.360 mmol) at 22 C. After 0.25 h, the
solution was treated with the product of Part 7C (90.2 ng, 0.300 nrnol) in
one portion. The resulting solution was stirred | h then all volatiles
renmoved i n vacuo. The crude hydroxamate ester was redissolved in 2:1

MeCN/ 1-120 (3.00 nL) and successivel ygksmaéed with 17.1 ng TPPTS 15 (30.0
prol ; 10 nol 9%, Et2NH (78 M., 0.75 =nal) and 3.4 ng Pd(QOAc)2 (15 prol; 5
mol 9% at 22 C. Conpl et e deprotegifgw-[6a@rpuaativest Within 1 h. The

resulting yell ow sol ution s diluted with H20 contai ni.n . 1% TFA (5. 00
m.) then filtered thrdﬁ@lﬂhe\'lé%.’ofg"% et R Yﬁé‘b‘?ﬁ’@{ surified by HPLC

on a Phenonenex [Bis(EabddymthgipdmiitlethiZt} amding]epl(cartbxyinetid)aminbiscetidrcyiy adi ent
from 20- 60°§o MeCN contai ning 0.1% TFEA 20 and .%0% H20 at 20 nL/mn. The main
product pedk eluting at 25 mn wadiforeaeetedg9a4Y | yophilized to a white
powder (28.7 ng, 49.4 unpl. 16.5%. 11-1 NVR (DVMSO d6, 600 MHz): 8 11.10
(IH brs), 10.81 (1H, br 8.13 (3H, brs), 7.57¢dH &, J=7.7 Hz), 7.36

(2H, AB, JAB = 8.0 Hz), 7.3% (gH _d, J=18.0 Hz)[ 7.26J2H AB, JAB= 8.0

Hz), 7.13 (1H, brs), 7.06 ﬂ@ﬁh{‘ﬁ’:\ﬁ\m’,‘rﬁ.\o’,ﬂo.éﬁm‘ﬁb 6.98 (1H, dd,J=
7.5, 7.2 Hz), 6.93 (1H, brd, 9 25= 7.7 H, L4.02'3‘(2'1H, td, J= 8.0, 6.5 Hz),
4.01-3.98 (2H, n), 3.70-3.59 (2H, n), 3.0BCLALCHRBX, JAB = 14.1 Hz, 40( =
6.1 Hz), 2.90 (IH, ABX, JAB = 14.5 Hz, ./Bx = 8.5 Hz), 2.66- 2.60 (2H, m,
1.73 (2H, br sPart A -Preppnatipn of (JR)-NECanjpheplos0- 2B ertiboxyjqarponydamigel-35 155, 0,

142. 1, 136.o,cygﬁ,ge,g,ipr%&g&%de;g@,oqs@acg@ac%,sagzs.7, 120.8, 118.4, 118.1,
111.2, 109.8, ° 78.0, 74.0, 52.9, 42.1, 31.0, 29.3, 28.1, 27.6. FIRWS calcd

for C261-134N404(MtH): 467. 26 Found: 467.2649. Part E - Preparation of
2- ([2-({ [N-({413-((2R)-2-a < 3-indol- 3-

0
yl propanoyl am nooxy) - propyl ] p%WWbamyﬁmt hyl} {2-
5[ bi s(car boxynet hyDam no] et hyl } amgno) - et hyl | i car boxynet hyDam no}acetic
acid, trifluoroacetic acid salt HN 0 e. 0O2H F3C OH N 0 HCO2H
10 A solution of Boc-DCha-OH (0.163 g, 0.360 mmol) in CH,Cl; (3.00 mL} was

successively treated with HOBt (55.1 mg, 0.360 mmol}, i-ProNEt (125 uL, 0.720 mmol)
and HBTU (0.137 g, 0.360 mmol) at 22 °C. After 0.25 h, the solution was treated with
the product of Part 4C (75.8 mg, 0.300 mmol) in one portion. The resulting solution was
stirred 1 h then all volatiles removed in vacuo. The crude hydroxamate ester was

15  redissolved in 2:1 MeCN/H,0 (3.00 mL) and successively treated with 17.1 mg TPPTS
(30.0 umol; 10 mol %), EtzNH (78 pL, 0.75 mmol) and 3.4 mg Pd(OAc); (15 pumol; 5
mol %) at 22 °C. Complete deprotection was observed within 1 h. The resulting yellow
solution was diluted with H,O containing 0.1% TFA (5.00 mL) then filtered through a
0.45 um Acrodisk and directly purified by HPLC on a Phenomenex Luna C18 column

20 (21.2 x 250 mm) using a 1%/min gradient from 10-50% MeCN containing 0.1% TFA
and 10% H;O at 20 mL/min. The main product peak eluting at 38 min was collected and
lyophilized to a white powder (77.7 mg, 0.156 mmol; 51.8%). A small amount of
TPPTS can be detected in the 'H NMR spectrum. 'H NMR (DMSO-ds, 600 MHz): §
11.04 (14, brs), 7.71 (3H, brs), 6.84 (1H, brd, J= 8.1 Hz), 3.83-3.80 (1H, m), 3.73-3.67

25  (2H, m), 2.79-2.73 (2H, m), 1.87-1.45 (9H, m), 1.42-1.27 (5H, m), 1.36 (9H, s), 1.25-
1.07 (4H, m), 0.87-0.78 (2H, m). *C NMR (DMSO-dq, 151 MHz): 5 169.1, 158.0 (g, J
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HO2 CNCO2H A sol ution of 2-{bis[2-(bis{ :
[ (tenbutyl)oxycarbonyl ] net hyl } am no) et hyl Jam no}acetic acid (18.5 ng, 30.0
gnol), 1-10Bt 10 (4.6 ng, 30.0 pnol) and the product of Part 7D (14.5 ng,
25.0 gnol) in dry DM (1.00 nL) was successively treated with i-Pr2NEt (10
gL, 6 gnmol) and HBTU (11.4 ng, 30.0 lino at 22 C. The resulting solution
was stirred 0.25 h then partitioned between EtOAc and 0.1 Mcitric acid (30

m. each) with= t3ﬂ@r}&§asan1a05(@ma¥m fanney, 4917h%’vamr}2$,eparmled and the

aqueous |ayer wesfed nt th SO (2% ISW@, Lated e e Pehafi, (o, 2V e S

sol utions of NaFEeCksangs.NaCl (3 x 30 nL each) then dried over MgSO4,
filtered and concentrated in vacuo to a colorless oil which was used

wi t hout furtheanpumréﬁaﬁabﬂmd{B—[@{we[tsqusJequﬁnﬂm-depr otection step. The
protected te (25.0 tinol cal ssol ved i n di oxane
(0.500 20 )°¥°$P2‘ﬁ"yél§f8@8%>§?lv‘é‘i’?}‘y§‘lﬁé ﬁ?“\lﬂﬁ%')ﬁs g.L) and HO (2.00
rnnol ; 0.500 [H;s(@ibo&yrﬁetM'lﬁaﬁhxw]ttﬁﬂ}ddﬁn&!bﬁ}ﬂ@@ﬁbo@&neﬂ@l)ﬁmnﬂ’d)&enemﬂ ting pale
yeIIow solutio was Stlrégag 18 h, during which tinme a heavy white
precipitate f ‘Eﬂ’aceﬁbﬁﬂ npl et e deprotection, the volatiles were renpved
in vacuo and the white so resi due redi ssol ved in 1-120 containing 0.1%
TFA (8.00 nL) then di rect®\gur| fied by HPLC on g,Rhengnmenex Luna 08 col um
25 (21.2 x 250 mm) using a 1% \in gradi emt fronflo 50% CN containing 0.1%
TFA and 10% H20 at 20 ni/ NS, Y Tie6 Farn produet™ prak & u ing at 19 nin was
col l ected and | yophilized to & white powd& ©3.4°%, 3.1 ;Imp]; 12.5%.

| FINMR (DMSO-d6, 600 MHz): 8 11 50 (1H, “Bﬁsa”vic_’e" 01 (IH brs), 8.87 (1H,
brs), 8.26 (3H, brs), 7.59 (1H J=7.8 Hz), 7.36 (1H, d, J= 8.1 Hz),
7.19 (2H, AB, JAB Asqjutionif§- {brﬁi21avlsmerf- AB, JAB = 8.0 Hz), 7.09 (1H, dd, J=
7.6, 7.4 Kg), (2H,

‘d 154 |T'5 blztyQ&iéa}%nﬁﬂﬂgthglifaﬂm%th}l(]z;)‘}mlﬁg)z;acelﬁ -acid (@ 5 ng_ (ﬁlmo P%)Eé 5 6
JAX 5 = 6(46 g, 30Ayumolpand thézi)r?dl@t & Paft B, (1 ABXYE, 25]0\311&1)91(3)(%1’(1&0- 6.4

. %By = 6 49 (8H br.s B = 14.3

" Jekx = 7. ?Lfé%é S“ﬁ"eﬁ%"e? At é?t‘h ki (e 6#&“"” aé‘é g "j‘g’ ééos (4H,

t, VR ( g)lVS O-5d625 fiabl) 3222953 ('I%Hresﬁldng sbitiof: S\Zis stitred Ot45)h, theln ;ﬁﬁrtﬂobn&&l)e(\gddn . 13C
151 MHz) 65. 0, 187 J =10 calc

5HA2N2011( MEIGAS a?'ﬂ? 13’%66"“ ?%%GB 7%2“3‘&3@”%&%%@@%‘% Rincl’ The"

( LZ ( Il[bN_ (15448462 E@pmﬁtea BhdBe ill eous layer washed with Et(t))Ac (2 x 30 mL). Tlh;, combined

phenyl but anoy oX carha

15[ bi s(car boka‘}r}?ﬁ%\"‘% F’%] PP?/ W&‘ﬂé M&&P%ﬂ‘i/li‘?@tsﬁ?ﬁ’gﬁﬁaﬂbﬁ%{%eti c

acid, trifl uossamat bmm@ andNaCl GGG cach) then dried over MgSOs, filtered and

concentrated in vacuo to a colorless oil which was used without further purification in

b
Hz
Hz
Hz
bi
NVR
G

the subsequent deprotection step.

20 The protected conjugate (25.0 pmol theoretical) was dissolved in dioxane (0.500
mL) then successively treated with H,O (3 pL) and HCI (2.00 mmol; 0.500 mL ofa4 M
solution in dioxane) at 22 °C. The resulting pale yellow solution was stirred 18 h, during
which time a heavy white precipitate formed. Upon complete deprotection, the volatiles
were removed in vacuo and the white solid residue redissolved in H,O containing 0.1%

25  TFA (8.20 mL) then directly purified by HPLC on a Phenomenex Luna C18 column
(21.2 x 250 mm) using a 1%/min gradient from 0-40% MeCN containing 0.1% TFA and
10% H,0 at 20 mL/min. The main product peak eluting at 28 min was collected and
lyophilized to a white powder (7.3 mg, 7.3 pmol; 29%). 'H NMR (DMSO-dj, 600
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OHO 1.1CO2H Part A - Preparation of

(2R) - N- (344- (am nonet hyl ) phenyl ] pr opoxy) - 24(t er t but oxy) car bonyl am no] - 4- phe
nyl but anam de, trifluoroacetic acid salt A sol ution of Boc-DHf e- OH
(0.101 g, 0.360 rrunol) in CH2C12 (3.00 mL) was successively treated with
HOBt (55.1 ng, 0.360 nmmol), i-Pr2Net (125 pL, 0.720 mmol) and HBTI J
(0.137g, 0.360 mmol ) at 22 C. After 6.25 h, the solution was treated with

t he product oM}m{an?@ (Ea06ra), S0 (181, BAY srmmm brs), HNE(2HOBLE), 881-3 Fee2H,esul ti ng

Pydr oxanat o c8ber YAl bReard 8Bl sba s L PNERNGHDR 75780 $ B S (AT 10
SECCSS§ 15 Vﬁ{;%obﬂe&t &8 I—l&%:tlf’nlg-.l,brdrg) TBHE&)I( B867-0.4p8H, m)1043QH, &)J = E6’2N|_|e§ 28
geior oi ection \I;i%é?gg's@r“v@gp‘ﬂ} ?‘S\ﬁlf%ﬁgl r’?’%e%?ﬁﬁ m@di‘/@l %b&ﬁ?glaultc’;?gp

gi |4§t e% \Am;:fgd:r@m QGVLVQc;[,?iﬂBB ﬂ{z@%l'ﬁﬁftq,(.& oD 1)) 7103)6413;‘53Is, 2. emstmtmghCiSS
ol um (21, 2 20568 rf sl 330 o4 A s DS RS HOR BN EER: o i ng
0. 1% TFA and IQ%Jt2MNeal,, (RO-HyLda1i3ne7. Thendronipgeoduct peak el uting at 25 nm
was col |l ected and |yophilized to a white powder (48.2 ng, 86.8 pnol;
28.99% . 11-1NWVR (DVBO d6, 600 MHz): 1XExasple¥H, brs), 8.12 (3H, brs), 7.34

(2H, AB, J,.2 = 8.1 Hz), 7.28-7.25 (4H, n), 107.18-7.16 (3H, m), 7.06 (111,
brd, J= 7.8 Hz), 4.00-3.96( 24L-({fy-({BI3ARRK:-27G(8¢3-inde}-3- 2. 67 (2H, t, J= 7.6

15C MR (B0 a6, 7o pefo R il ;15000 ©)

128. 6, 128.3, 1Jbis@arb@Gmithyhamidplediilemintiiy](@osymahylmmidtaqtic #9d,4, 28. 1.
HRVS cal cd for C251- 135N304( MtH) d: 442.2698. 15Part B -
Preparation of 2-([2- ({[N—({413 ((éﬁ?ﬁr@c@@c aCEP phenyl but anoyl am nooxy) -

propyl ] phenyl } met hypcar ba I ]methyl} {2-[bi s(car boxynet hypam no] et hyl }
am no) - ethyllicarboxynet m no}acetic acid, trifluoroacetic acid salt
,CO2HF cl. Orc " -'8M_ HOZCNCOZH

co,H o
HEN/ﬁr /\/@\/ \(\N/\/N Fic o

COH
HO,C._N._COH
Part A — Preparation of 3-{4-[(Prop-2-enyloxycarbonylamino)methyl]phenyl } propanoic
15 acid

o]

HO
NHAloc

A 500 mL Parr bottle was charged with a solution of (2£)-3-(4-
cyanophenyl)prop-2-enoic acid (4.33 g, 25.0 mmol) in 2:1 MeOH/28% aqueous NH;
(300 mL) then treated with Raney Ni (5.00 g) in one portion at 22 °C. The resulting
20  suspension was sparged with H; then pressurized to 50 psi and maintained 5 h; ~2 equiv
H; were consumed at this point. The vessel was then purged with N; and charged with
addmonal Raney Ni (2.5 g). TheH; atmosphere was reestablished, and maintained until
gas uptake ceased ~135 psi total consumptlon The vessel was purged with Nz and the

catalyst removed by filtration through Celite. The filter cake was exhaustively washed
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A solution of 2-{bis[2-(bis{kren- 20

but ypoxycar bonyl | net hyl } am no) et hyl ] am no}acetic acid (18.5 ng, 30.0 pnol),
HOBt (4.6 ng, 30.0 pnol) and the product of Part 8A (13.9 ng, 25.0 pnol) in
dry DMF (1.00 nL) was successively treated with i-Pr2Net (10 ttL, 6 pnol)
and HBTU (11.4 ng, 30.0 tunol) at 22 C. The resulting solution was stirred
0.25 h then partitioned between EtOAc and 0.1 Mcitric acid (30 nL each)

W th transferwit®l a MERFHO Of ¥ 56 mOnatd theldvmbaied filtysds sorseftitditis dacateh 4 he
aqueous Iayerwéva g vvith Et0OAc (2 x 30 nL). The-conbined EtOAc |ayers were
successi vel y wth 0.1 Mcitric acid and saturated aqueous sol utions
of NaHCO3 and NaClThe3ride aflinglaci@ @23 minbbthedtetical) way arspdid&0a, anfiydlrduerrﬁtﬁ and

concentrated in.v o to a colo S rther

ur' 1 cati on {200 FRa teniEugLER: HevEas derion EruD. ARFShdtalogpet Gt

conj ugate §25m, 30. mlmot)h&@ﬂehwah)ovms ndh&rﬁlha/ﬁﬁhlhrlig sds@namest(n@dfﬁem arl) then
successively treated with H20 (3 | and HCJ[ F 67'1300 n. of a4 M
5sol ution in & &xaepont 0212%"@‘30“???%]“?‘ Yasitreagd yith 8- 13‘4%\9@5\9 HSn was
stirred 18 h, gitlisd vaeh WYDIACKRI G0 HE) WAt Y ikr W&'s&ﬁrd@éﬁﬁrﬂbﬁ Fhe 1dyers 8dratedpon
conpl ete depr otection, the volati] es were renoved @%@Eﬁfd the white

sol i d resi dueaidghs auenusdayes WS%W%%%%?HQOQ)'@%W&O ¢ layeth

directly puri fva%dnE%JéPM?SQD fitef2D QRPETRDEN atkd! hAvabikBo @ @bleAEss b thalwis 250 M)
using a 1% m n gradi ent

rom 10-50% MeCN cont ai ni 1% and 10% H20
he' D8 o A Pori B FromROgERD atics L0 281G usE DS e GRnd and
| yophi |'i zed t g.4p Rinfath &m%lu&&%ﬁcmm&z@%wm collé’zﬁed7zﬁﬁi corchNPeRd(tDNBO de,
600 MHz): 8 11.74 (I 3H, brs),

7.30 (2H, dd, afjﬁrda?“@lteﬂovgieaz?)%871132111?"01644(%@ N.law% %4(95 EH i3 R J=5.5

Hz), 4.22 (2H(c 1 sﬁoﬁﬁizg%l"#zdidli Aﬁvgaéﬂﬁﬁé) Wé(2PﬁA@7J,(B| thE sk 3. 49
(8H, s), 3.37 &4 4 (4H é 2.66 (2H,
dd, J= 7.9, 7(&.fgyJ= 27890(72ﬁ5%5329@ﬂ4bf 8’711—%12) é%ﬁlfhdeé d9pHzyy

1.87-1.82 £ 2H s “1572H, 16717 6,
1599 1o 1§r_§1F11H bf_sgﬁslb"‘eﬁ{(mgdsm )151?,2Mﬂ¥)brd8 572HZ) 2§!§52{-I%18J0, 7'127 .

126.2, 117.0 Ha); 2§4(22199JH237H7)4 NW(?D@Jalél 1\’%?)2‘3175@ 56.3483%% 42. 1,

32.8, 30.9, 3036k, 1393 428. Hﬂl‘iﬁﬁﬁiﬁﬂ()ﬁ?w@éﬁté%h 104 c418dHoh C,ALRO3454.
Found: 717.3446. 20EXa

24( 24( { N46- ( (O¥yNa)- %ﬁ?}lgg@ ﬁ%ﬁ@r?@ﬁﬁﬂ‘llanoyl ani nooxy) hexyl ] car banoyl ) net hy1) {2

- [bis(carboxynet h m noj et hyl } noj et hy }(c Dam no) aceti c
acid, trifluoF8tBat QP%P‘H"@&% (p;pydtwmt@y pheny] @F%ﬂg&‘)l’%‘

20  enyloxycarboxamide

HO
NHAlloc

A solution of the product of Part 7A (1.32 g, 5.00 mmoi) in dry THF (25.0 mL)
was cooled to 0 °C and treated with LiAtH4 (10.0 mmol; 10.0 mL of a 1 M solution in
THF) dropwise over 20 min using a syringe pump. The suspension was stirred 0.5 h at ¢

25  °C then warmed to 22 °C and maintained 2.5 h. After cooling to 0 °C, excess LiAlH4
was consumed by the careful addition of H>O (400 uL) and the resulting white
suspension successively treated with 15% aqueous NaOH (400 pL) and H;O (1.20 mL)
then stirred for 0.5 h to a fine white slurry. The solids were removed by filtration. . . ...
through Celite, washed with THF (5 x 20 mL) and the combined filtrates concentrated in
30  vacuo. The crude oil was purified by chromatography on silica (40 x 260 mm) using 1:1
pentane/EtOAc (Ry= 0.2). The main product eluted between 600-800 mL, was collected
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F3C OH 25 Part A - Preparation of

(2R) - N- (6- am nohexyl oxy) -2-[ (tert-but oxy) car bonyl am no] - 4-

phenyl but anam de, trifluoroacetic acid salt PC HNH2 F3C LOH A
sol ution of Boc-DHfe-OH (0.101 g, 0.360 mml) in CH2A 2 (3.00 nL) was
successively treated with HOBt (55.1 ng, 0.360 mmol ), i-Pr2NEt (125 gL,
0.720 mml) and HBTU (0.137 g, 0.360 nrnol) at 22 C. After 0.25 h, the

sol ution was H&%B@eﬂﬂ%&f&a%mm&%%tau% sdﬁaf(o 7453g(375) Bm6Y63.8%R0@p ol ) in
one portion. The resulgln solution was sti en all _volatiles

removed in vaék&S3FRE. cH E@W'@)@QW}?)&X b?r(zﬁaéBr‘éﬁl ~Ssbldel 1 i 1

MeCN H20 (3. 0Qgny ,ﬁu f‘H%}J@@GgFH \Aﬁl y—tlFiQat(ﬁﬂ 5\'9'111 5178 (ldePPTﬁoﬁ%P 0 gnol ;
10 nol 9%, Et2NH (78 ) . &2 (15 gmol; 5 nol %
at 22 c ConpPéPél épxﬁ&iﬂ&ﬁ%%@é’ebf#eﬂ“ tﬂﬁ)rfl-”ll H, brfle/ T 28 H2bi ng

yel I ow 10 20' %B?mg,@&éhh'i 9%\5@1 fadHﬁQWOMﬁhmrsg 1%2%%%‘(@»«9@{ m.) then

filtered t rokj&) . id\cr0| directl fied on a
Phenonenex Lu @LSSG:MW (5838, Mixl, 2%9Hﬁ¥3u‘§3r§gl 51%'4& ﬁsér@cﬁ éﬁ? from
10- 50% MeCN canf a1y Rfkids égfedTFfCﬁﬂ?pNtﬂ%ﬁtkﬁg &2, 1297 Mkéumlin72 163, mai n product
peak eluting at 32 nin was collected and | yophilized to a white powder
(37.8 ng, 74. p@0Q FrepathtiB®f NL4S[TRbhi 665@9516 hebyRFetlBpepn- be detected in
the 11-1 NWR spectrlﬁer"%:{%ﬂill 1Nl\ﬁ [r[j)ﬁ(/s Y OM&’/I—EWB 8}%{)})07 (1H, brs), 7.77
(30, brs), 7. oeylpxaprbeygmids-hypres! O?CBC'W'}‘ 7 18- 7 15 (3H, ), 7.04 (1H, brd,

J= 7.6 Hz), 3.77-3.70 (3H, m, 2,78,2.73 (2H m, 2.62-2.57 (1H, ),
2.52-2.47 (1H, n), 1.82-1.75 (2H, ni“f@@&gﬁgmm 1.38 (9H, s),
1.38-1.27104H, nj. 13C NMR (DMBO d6, 151 “i68.7, 158.2 (q, 1= 32.0

Hz), 155. 2, 141.23 1283 128, 1 93 .Hz 0,
74? 8, 51.9 38.7, B“""s"f‘@ Pr‘é’ét‘l&%‘%%% %%g’g O%z'é'ﬂ%l) lehl‘%'é”‘y’ l‘{:‘gl cd for
5:2(1 {12 i??$g4g MBthne%@g’ZQg@(‘?D nﬁﬂcﬂ)\dld mmm%sg 25antol)Bn drﬂ}@p(aﬂanmmmaef

- e 11010).4 X ca
} et hyl) (24bf(’%°(l%’aﬁ’ Bk an ?ﬁ&%aﬁ%?@%@% i Wgﬁ @%ﬁ@ﬁ ‘%’FE&F‘E? th ) -
aAmS g FL ?fg; I g f %g!_ngb cglidg iafd db@ﬁé?ﬁﬁe%@soﬁﬁiod wadtten Rermkdd @21 P E2{dl tkte@Grith ki02H 25

Veer t butypdﬁycéﬁ*%ﬂ%& DE@PKW?W%;MD@W%P&@&]S@ Jdr gale yglowy ng, 30.0

tunol), HOBt (Autﬁmms oBRirdd WaPEohc@itrdiel RevaRiPshdGhre@fy giatiéd 8A (12.7 mg, 25.0
}rop in dry DVF (1 mL) was successively treated with i-Pr2NEt (10 tilL, 6

not) and HBTuclqrmmamgnafg}w aGilga ssingrpepdignt epiorfrompPe ekl pentangEEMAtASn was
stirred 0.25 Bst{;iffi pgﬁﬁﬁéﬁtbﬁgfdﬂ‘@?}éﬁ?&r&onﬁsﬂi% faa%nfs"wlre%ﬁbﬁ\éa fgaci d (30 ni

each) with transfer to a separato unnel | ayers separated and the
aqueous | ayer cowsshizatbdud  hitg @malplze selig thatyygs, furﬁl?éPMFﬁElbbié@rySmnlzahon

20 from EtOAc/pentane to afford fine colorless needles (1.37 g). Despite these efforts the
material remained contaminated with ethoxy-N-(ethoxycarbonylamino)carboxamide and
was therefore used directly in the subsequent deprotection step.

The crude phthalimide (1.18 g) was dissolved in 9:1 CHCl3/MeCH (30.0 mL)
then treated with hydrazine (0.530 mL, 9.00 mmol) in one portion at 22 °C. Within 5

25  min a white precipitate formed; after 0.25 h the reaction was complete. The suspension
was concentrated in vacuo and the resulting solid material triturated with Et;O (5 x 20
mL) then removed by filtration through a scintered glass funnel. The filtrate was then
treated with HCI (8.00 mmo}; 2.00 mL of a 4 M solution.in dioxane) and.the resulting. . . ..
precipitate collected. The crystalline material was further washed with H;O and Et;0 (3

30  x 30 mL each) then dried to constant weight in vacuo (0.345 g, 1.15 mmol; 95.3%). Mp
187 °C (dec). 'H NMR (DMSQ-ds, 600 MHz): 8 11.03 (2H, brs), 7.72 (1H, brt, /= 5.8
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Et OAc | ayers were successively washed with 0.1 Mcitric acid and saturated
aqueous solutions of NaHCO3 and NaCl (3 x 30 niL each) then dried over
MySO4, filtered and 10concentrated in vacuo to a colorless oil which was
used without further purification in the subsequent deprotection step.

The protected conjugate (25.0 unol theoretical) was dissolved in di oxane
(0.500 ni) then successively treated with 1-120(3 uL) and HC1 (2.00 nunol;

0.500 nL of ay4, M&pﬂmgy 990(1@{ didaray.0a0.62.4Gs.1 Hag spegUiLiiregJpale, yel | ow
sol uti on was sti

fornmed. Upon tdHBh étlé(ﬁéﬁf%tfec‘torzcg)(#) ‘{We@@?‘o‘i&‘a‘{l Péspggf‘g"\q’gﬁ%g’é’dye%legéﬁgeand

the white sol yg) 4@@(2@P€JF=EEZBE tue-d 58 2H2H), £.ont 8i (H) g0 “LINMRADMB0 nl)
then directly purlfled

a Phenonenex n u 2 x 250
iy S ng. o 308 MIMEPRE! St 199 a0 4450k LN SRS RO ‘0508t ria G 1004 420
at 20 ni/ n n. 2T eHRIASRalbd ﬁﬁ@?ﬁ{zﬁﬁég(m}m} e 5aY. Pofingi 255M8s0.col | ected and 20
| yophilized to a white powder 4 ng, 10.3 wok 41.29% . 1HNVR ( DMSO-6/ 6,
600 MHz): .5 pa164 P('éblrlatlodldf&(ili) 1&{4{4 (abtthonittty})pHens | ropoxlE-Rs [(18+-Bltox@H, brs),

7.30 (2H, dd, 1=7 1H, 4 Hz), 7.18 (2H, d.
J= 7( Hz) 4“—%"3’ (@T"‘fl §1’1?F‘@3Y§’“§’&m§“ ‘?‘%QYOaﬁS“°a%‘ééﬂ‘(1H, %)rs), 3.219 (814,

s), 3.34 (411, brt, J = 4.9 Hz), 3.10 (2H, td,./ = 6.8, 6.0 Hz), 3.03 (411,
bit, 1= 5.7 Hz), 2.58 (2H, dd{ ) = 8.4, 8.0 Hz), 2.01-1.93(214, m, 1.59-

251.54 (2H, ), 1.45-1.40 (2m_Jn), 1.38-1.25 (4H n). 13C NWVR (DVBO-d6, 151
Miz): E 172.7, 165.0, 164.3, "157.% (g, J = 31.4 Hg), 140.1, 128.5 128.0,

126.2, 117.0 (g, J 300 Hz) Bocm 3 9, 5211, 50.2, 48.6, 38.7,
32.8, 30.3 28.7, 27.4, 26.1 24 8 HRVE w*z & 6§0H43N6011( MrH) :

669. 3454. Found: 669.3446. Exanple 10 3024 g)(N— { O%ZRI)‘ 2- am no- 4-
met hyl pent anoyl am%%‘%%‘ﬁﬁ@?&ﬂfﬁ&lﬂw ll}ocﬂaP h’b@ﬂ;ﬁ“} € ) W

e e e L
, and HBTU (0.137 g, 0.360 mmol) at 22 °C After 0.25 h, the solution was treated with

the product of Part 7C (90.2 mg, 0.300 mmol) in one portion. The resulting solution was
stitred 1 h then all volatiles removed in vacuo. The crude hydroxamate ester was
redissolved in 2:1 MeCN/H;0 (3.00 mL) and successively treated with 17.1 mg TPPTS

15 (30.0 umol; 10 mol %), Et;NH (78 uL, 0.75 mmol) and 3.4 mg Pd(OAc), (15 pmol; 5
mol %) at 22 °C. Complete deprotection was observed within 1 h. The resulting yellow
solution was diluted with H,O containing 0.1% TFA (5.00 mL) then filtered through a
0.45 pm Acrodisk and directly purified by HPLC on a2 Phenomenex Luna C18 column
(21.2 x 250 mm) using a 1%/min gradient from 20-60% MeCN containing 0.1% TFA

20 and 10% H,O at 20 mL/min. The main product peak eluting at 25 min was collected and
lyophilized to a white powder (28.7 mg, 49.4 pmol; 16.5%). '"H NMR (DMSO-ds, 600
MHz): 8 11.10 (1H, brs), 10.81 (1H, brs), 8.13 (3H, brs), 7.57 (1H, d, J= 7.7 Hz), 7.36
(2H, AB, Jap = 8.0 Hz), 7.32 (1H, d, /= 8.0 Hz), 7.26 (2H, AB, Jag = 8.0 Hz), 7.13 (1H,
brs), 7.06 (1H, ddd, /= 7.2, 7.0, 0.8 Hz), 6.98 (1H, dd, /= 7.5, 7.2 Hz), 6.93 (1H, brd, J

25 =7.7Hz),4.02(1H, td, J = 8.0, 6.5 Hz), 4.01-3.98 (2H, m), 3.70-3.59 (2H, m), 3.00 (1H,
ABX, Jap = 14.1 Hz, Jax =6.1 Hz), 2.90 {1H, ABX, Jan = V4.5 Hz, Jgx =8.5 Hz), 2.66- -
2.60 (2H, m), 1.73 (2H, brs), 1.33 (9H, 5). 2C NMR (DMSO-d;, 151 MHz): § 168.6,
155.0,142.1,136.0, 131.3, 128.8, 128.6, 127.2, 123.7, 120.8, 118.4, 118.1, 111.2, 109.8,
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Part A - Preparation of

N- ([ 4- (am nooxy) phenyl ] met hyl ) pr op- 2- enyl oxycar boxam de, 5hydrochloric acid
salt NHAloe Ha . A solution of

N-[ (4- hydr oxyphenyl ) met hyl ] pr op- 2- enyl oxycar boxam de (2.07 g, 10.0 mol;

I mmura, H.; Ohtalce, N.; Shimzu, A ; Jona, H; Sato, H; Nagano, R ;
Ushijim, R ; Yamada, K ; Hashizune, T.; Mrishima, H Bioorg. Med. Chem
Lett. 10 200078.4,06.2)52.9.091 1343, 29.5osdr, §7.6ARMS2lcd forlQ,Hye,Ogdtidd to O C and

treated with f%é?itéq%wﬁﬁg?é@oho mmol) in one portion. The resulting pale

pi nk sol ution then warnmed to 22 C, nmaintained 0.25 h

and concentraged.in vacuo. i edi ssol in DVF (13.0 nl),
cooled to O g‘g%d’:eﬁlﬂfefﬁrﬁ?%’cpf%hﬁ%wbggﬁp\é/\&%g'e%%?'%%iia?ﬁéﬁg'

2, 4, 6- t ri net hylbheawehminsbty)pedpe!] pHefyl@mathpiddarbato@linetingl} @F a 1. 67 M sol ution
in 15DVF;, (a) r pi NOo A ], .Che 0¢. 1960, 82 ,3133 .(Db) Krause,
3" & Synt hesirtiabennetbaminolsfRipd ERy G ke oiied”) S0
D. J. J Og. 4ifiacnocackB8a:id %8, 5120.) dropwi se over 5 min; additional DV (2
x 0.50 nL) was used to quantitate the transfer. After 0.5 h, the resulting
solution was diluted with O (100 m.) wth transfer to a separatory
funnel, then washed V\,ithHN 0 (5 x 50 inL). The conbi ned Et 20 washes 20
were dried over MgSO4, fi :reg then treated with HC1 (4.00 nmol; 1.00 ni
of a 4 Msolution in di oxang 8, The resul ticmg plfate-li ke crystals
were collected on a scintefediglass b ALNe pexdXHty, washed with
Et 20 and pentane (5 x 20 nlL each) then dri dto c%gﬁtant wei ght on the
funnel (0.597 g, 2.31 nmol; 23.1%. 1H NNéP)O% O.d6, 300 MHz): * 7.74 (1H,
brt, J=6.0 Hz), 7.25 (2H, AA' BB, JAB = 8. 8™HZ JAR = 2.5 Hz), 7.14
(2H, AA BB, JAB = 8.8 . Hz . i = 2 Hz), 5.90 (1H, ddt, J= 17.2, 10.5, 5.4
Hz). 5.26 (1H, dq,A?é‘ﬁf?.°§?'{§5?@'(PEif?'e‘%i 16 (1H, dq, J= 10.4, 1.4 Hz), 4. 47
(2H, dt, J= Shdyl)cky&artdayl]meéthyll Banfindiethblapindyacedic hcithz)8.5 B CONNR (I DHMEBtd6, 151
MHz): 5 156.1, 156.0, 135.3, 133,7, 128, 2, 6.9 14. 3, 64 1. HAMS
cal cd for 1&11¢-0meNd@3 thepyedugipf Part ﬁﬁdh‘ég mﬂﬁ‘i’ﬁ“?@‘?mﬁﬂ Pﬁgé%o
Preparati on Ofy1) was successively treated with i-Pr;NEt (10 pL, 6 pmol) and HBTU (11.4 mg, 30.0

(2R) - Nd4- (am noiret hyl ) phenoxy] - 2-[ (t ert but oxy) car bonyl am no] - 4- et hyl pent an

ami de, trifl uemoleteki’c. bt teswting solmionmias siired RIE hthenpaditinaibetween A
sol uti on of . . 0. 600
i T CRich G0 ot BOR b o P A e e

nmml ) in DWF nl) was successive treate 2NEt (209 M., 1.20
nunol ) and HBIEErs eparagd gnd e Ep@ousiniey washe@ with EfJ A x139 mlion The pambiesdut i on

was treat j’_ﬂ \A{B{d}\ctlgﬁrs%é?g%l&esgtel? %Ehe&%h 69'1\3[%9ric9acicpan599rumlaélueioﬂs one
portion. e resultlng sol ution
solutions of NaHCO; and NaCl (3 x 30 mL each) then dried over MgSQ,, filtered and
concentrated in vacuo to a colorless oil which was used without further purification in
the subsequent deprotection step.
The protected conjugate (25.0 umol theoretical) was dissolved in dioxane (0.500
20  mL) then successively treated with H,O (3 pL) and HCI (2.00 mmol; 0.500 mL of a4 M
solution in dioxane) at 22 °C. The resulting pale yellow solution was stirred 18 h, during
which time a heavy white precipitate formed. Upon complete deprotection, the volatiles
were removed in vacuo and the white solid residue redissolved in H;O containing 0.1%
TFA (8.00 mL) then directly purified by HPLC on a Phenomenex Luna C18 column
25  (21.2 x 250 mm) using a 1%/min gradient from 10-50% MeCN containing 0.1% TFA
and 10% H,0O at 20 mL/min. The main product peak eluting at 19 min was collected and

lyophilized to a white powder (3.4 mg, 3.1 umol; 12.5%). 'H NMR (DMSO-ds, 600
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10 was stirred 17 h then treated with additional HBTU (56.9 ng, 0.150
nunol) to conpl ete conversion. After 1 h, the solution was partitioned
between Et0OAc and 0.1 Mcitric acid (30 nL each) then transferred to a
separatory funnel. The | ayers separated and the aqueous sol uti on washed
with Et0OAc (2 x 30 nlL). The conbi ned Et OAc | ayers were successively washed
wth 0.1 Mcitric acid and saturated aqueous sol utions of NaHCC3 15 and

NaCl (3 x 30 MHﬁ@h)sot(mrbrgrlm (@Meﬁrs)l\/QSiHH bish, B6EBH ARg, THNQHNG, Ut ed i n
vacuo to a colorless

t t t th
subsequent deﬁﬁdizéc?ﬁﬁd:lﬁs‘i éﬁg hﬂ@ H%&\g{ ﬁsﬁd '%ga F‘«%)’ggﬁéﬁy(’sél 50 Enloln ©
theoretical) yap 7@9%ﬁfpldueﬂ=m ﬂﬁz%@l\%ﬁzad(ﬁ 06, T )iz)and0 B ey Sidel v

t ted th 28.4 TPPTS 0 2NH 1.25
SRR M i AED € SRR LR N SR A
S?PL?ESCE\; t@ﬂ ﬁ??%%ﬁ%?’ﬁd He.vyt3m7re11@ ABXy, Jhe qcs)aﬁfwg,z Ag.4HD Yy =567 HE)I,JSR \Q/ag .
i sm Acrodi sk a8 &f-seéeh ¥ lh‘ﬁ)ﬁ Qc(”ﬂy‘g‘ %erq“é‘ ]%ﬂgﬁ‘()néﬁlgl:%) 8@%2{ 1 8 col um
0 o e iy 1
was col | ect edH&hd:- 793}&8@’1“1 'E)ed ct‘HMé{ dbg\%ggﬂ%& 'Pl}elglsnggsl%ll% qn‘{mol
?(ZJHG%AB i SlABNW'i@EbVS&b 2161,3630135%{22)8 3 82'ﬂ.a 124.8( 1kkls, msz)é;ns?)s ,108.2,3H7.2184,9) , 87.636
(o 18 0s ulioh ) .5 dok Aokt S¥ o2 Y ke s 8, £ s 5

6.4 Hz), O0.86cdédtor &ssHbN;6y DVFE): 742. 3@6me(dDm3406 75 MHz): 8 169. 8,

159.6, 155.5, 130.2, 127.6, 112.8, 78.2, 50.7, 41.7, 28.1, 24.2, 22.6,

21.7. HRVS cal cd for C181- 129N304( M+HENkple 8335. 1965. Found: 335.1969. Part
C - Preparation of 21(2- { [(N-{ [442R)-2-am no-4-net.hyl pent anoyl am nooxy) -
phenyl ] net hyl } car bam)yOrret hy| 12-{[24HNs({ ¢-43-0@R)2ramimpfd- am nol et hyl } am no) -
sethyl) (car boxymet hyL] ot AOhaGRAGh fondo Fle9h ORI fmflf el t N OC2H
2-{ bi s[ 2- (1bi sf f ([bisfchbotyyietyRyamoletyl}animeddhyl f@rionphethijaminoacets sadt i ¢ aci d

(67.9 ng, 0.110 nunol), HOBt (16. | ) and the product of Part
el i T i

10B (46.5 ng, 0.100 nmol) in dry ) was successively treated
with i-Pr2Net (380.22 mol }, and HBTU (41.7 ng, 0.110 mmol) at 22C. The
resul ting solution was stll‘\(ed 0.5 h then partitioned between Et0Ac and 0.1

Mcitric acid (30 rrLeach2| Q- er to a se Hat y funnel. The | ayers
separated and t he aqueous P'a r was vleth E;\/ 380 nmL). The conbi ned
Et OAc | ayers were successively washeo \&Mrl c acid and saturated

HO,C._.N._.COH
Part A — Preparation of (2R)-N-{3-[4-(aminomethyl)phenyllpropoxy}-2-[{tert-
butoxy)carbonylamino]-4-phenylbutanamide, trifluoroacetic acid salt

Ph

H H
; N. o
BocHN™ Y O
. Y /\/\©\/NH2 FstLOH

A solution of Boc-DHfe-OH (0.101 g, 0.360 mmol) in CH,Cl: (3.00 mL) was
successively treated with HOBt {55.1 mg, 0.360 mmol), i-PrNEt (125 pL, 0.720 mmol)
and HBTU (0.137 g, 0.360 mmol) at 22 °C. After 0.25 b, the solution was treated with
the product of Part 7C (90.2 mg, 0.300 mmol) in one portion. The resulting solution was

25  stirred 1 h then all volatiles removed in vacuo. The crude hydroxamate ester was
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15 aqueous solutions of NaHCO3 and NaCl (3 x 30 nL each) then dried over
MpSH4, filtered and concentrated in vacuo to a colorless oil which was used
wi t hout further purification in the subsequent deprotection step. The
protected conjugate (0.110 nmol theoretical) was dissolved in dioxane (1.00
m.) then successively treated with H20 (10 pL) and HC1 (4.00 mmol; 1.00 nL
of a 4 M20 solution in dioxane) at 22 C. The resulting pale yell ow

sol ution was gdis§dRd ind 2 1 MeCIHIO G OB ThE) hnti siBRestivile @éytedvRith €7. P@aiPPT$ at e
formed. Upon conpl ete deprotection, the volatil renpoyved in_vacuo and

the whi t & sol (.0Halch9emgleeh SebTZint.0 5 mmolwced MERAGAcInl TERok 8. 00 L)

then directly b fi-9dcb Lk GL : x 250
nm using a 157?1#?1£tg2r§a |§ﬁ{#g#grgoa%’}8%§%}/;%g%&%ﬂt al m%sgﬁ%id%i&g%gz% 10%

1120 at 20 niAqhition wak diluted withpHgRlecnntaigee® 19| T (9 §0 al) tigndiltareddhsougblal ect ed

300 M) 5 15 b Atebdi oy BRYGpur il o8 LC o B e s 51057

JAB = 8.4 Hz) (212 :0550(ndh) usid@,a 194 Birgradidnt Eoin, 304030MeOM cottpiding 9.1% B2 Hz) |

3 o0 (an b st bR i, e Bral e R goa efod 25 ol b chugerg g ') )

(3H, brd, J =lap&lifdd)o a whiGs poMRcl BRBg 86.8 hmbl; B19Ys). 51 WHR (DMIBEs, 400 164. 7,

Sa s 53 0, oo 4G ) s a0k B 138y 4B Do 5T el B, 19, 0
5 C27HA2NGO1 (NB)15 (52 M)29.86(1 H-brdnd = 762Mz) 20883 9623 pl) 3. W13.7@@H2m), [ (N- {
[ 242R) - 2- am ng- PRV DL IR LAR MY h RIS A Y 53536 ALY, 1581 Y1 ]

{2-

[ bi s( car boxymeHh ¥ D6 NMRe@MSQ-ali7a dFiet)hs/ 168(8 a5 Xy bt 4y Ratdil dp) 28kt i ¢ aci d,
10tri fl uoroacet L I t = Br i0 f

(2R) - Na4- ( ani ﬁ%%tl?@?’ﬂﬁﬁgn@b]ﬂf'gﬁl("f g?'?bﬁtsggﬁ’?grobggn%zgml‘ FRMS caled o0 but ana
m de, trifl uoCeisdL0o(Mu)d44220700. Fouh844336%R. i on of Boc- DHf e- OH (0. 168 g,

0.600 mmol) and HOBt (91.9 nmg, 0.600 nunol) in DVF (5.00 nL) was
successi vdby PareBt-dulepatatibn of 2Pf [2NEHV-({20D((@R)-2-amp0-4ephenyibutanesllamBIPEX))0. 228 g,

o7 oduct of PaPCPABAEASE s SRR M AR SRR DERRCRARILEY, |

sol ution ethyl](carboxymethyl)amino}acetic acid, trifluoroacetic acid salt

Ph

N

B H
AN, coH 9
HZN/I o/\/\Ej\’n N( H ro )LOH
G
O

CO.H
HO,C._N._.COH
A solution of 2-{bis[2-(bis{{(terr-

20 butyl)oxycarbonyllmethyl}amino)ethyl]amino}acetic acid (18.5 mg, 30.0 pmol), HOBt
(4.6 mg, 30.0 pmol) and the product of Part 8A (13.9 mg, 25.0 pmol) in dry DMF (1.00
mL) was successively treated with i-ProNEt (10 uL, 6 pmol) and HBTU (11.4 mg, 30.0
umol) at 22 °C. The resulting solution was stirred 0.25 h then partitioned between
EtOAc and 0.1 M citric acid (30 mL each) with transfer to a separatory funnel. The

25  layers separated and the aqueous layer washed with EtOAc (2-x 30-mL). The combined
EtOAc layers were successively washed with 0.1 M citric acid and saturated aqueous
solutions of NaHCO; and NaCl (3 x 30 mL each) then dried over MgSQy, filtered and
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was stirred 17 h then partitioned between Et0OAc and 0.1 Mcitric acid (30
nm. each) with 20 transfer to a separator), funnel. The |ayers separated and
t he agueous sol ution washed with Et0Ac (2 x 30 nL). The conbi ned Et 0Ac

| ayers were successively washed with 0.1 Mcitric acid and saturated
aqueous sol utions of NaHCO3 and NaCl (3 x 30 nL each) then dried over
MySH, filtered and concentrated in vacuo to a colorless oil which was used

Wi t hout f urt hggnciiael iF@hdR alcBloHBR ofl WHSRGHSE Ricddaibb@traicr futiffeh@in 25The
crude hydroxamate ester (0.500 mmol theoretical) was dissolved in 2:1

MeCN H20 ( 5. Othesebseaigf dspretelicsisif®l v treated with 28.4 nmg TPPTS (50.0 unol ;
10 mol 99, Et2NH £l 28Rbed cdnjbgutd 5. |O)pn%1ﬂ1e§te@caﬁgva€gﬁsm2n §ié2an (@500 ; S5 nol

%9 at 22 C. Conplete deprotection was observed within 0.5 h. The resultlng
amber sol uti omh)\ﬁsn slictassiedy tpatdd Mﬂoﬂﬁb@u&)ﬁnﬂjcb@i%mm Q@OOUL ai94 Mhen

| hi | | i | v | tered
RO 28 (G ISR 87 L 2P Bk Yo R e d o
Luna C18 col uwhich Rie 2 hxavd Hhitaplecipitate fpnaed Wponmogplactideprbtettionmhe QelBiled Ve CN

t 0. 1% TFA and 10% | ut i
217 i wasvEBTERUER D R 1 it rali e Bul e PRl S ngleRE G 5oc"
mol ; 61. 0% . TEMER fDMEE difectlpp@ifletiby HPLE obh Rhitdmebe:shyna&1800lgBK, brs),
7.36 (2H, AB, B = = 2H, dd,
J=7. 7,( 7.5 H§ 21‘%‘?8“2“251—? “?&@ lz"ﬁ(ﬂg'é-"l;ér%?‘lr?%m /‘i%le‘?@%;t?‘mzﬁ%qfl% . 7.06
(2H, AB, .10/ ABndA1086 B,(Ha)20 nﬁjﬂﬁl (Thkimabr grodiret feall elbting at 31 Q&aﬁaﬁbllgcﬁdan
2.70-2.65 (1H H 13C
NVR (D|v804gs, nﬁlkﬁfé)m%’ "%’ LTy e, %@gmg' Y1460 H%@’ﬁ%}g 500 127. 7,
125.9, 112.8, Mi&):3 1152.(2H, i, 89 G, Brt, B45.5 Hz 8.32 (3HRM T3 (CH, ddyJ = 7.6,

N LA 4B b Diwiedon o e

phenyl i met hyl paas. bA@aD Y6y 0E, bys), | 3{4®-(BHi ﬁ(iﬁ@ﬁxwrﬂﬁ”@@ﬁm 6.0} etH) pit}J ahi7no} -

et hyl ) (car,box a C |f| i t . 0 HOO2H O
3 Al LeRpi D RO G ERoN: §F. LEET ops rlat  OF 8EEHah2 81 St
ag]t?,%/p(()i)écgr bom)sgi‘rzt(nﬂxﬂ)aﬂanﬂéw?wsmg;nﬁ} Mgm |6dt7a;;]§;§§(§6é?s W9EZ)J§ pm): g :
(1 LRI e R WEr (2R 0 14
3 4
in dry DV (1328Hb M *dclidds dat&d At b T2 pt; 0. 14
mol ) and EDC74.8348, 539, 522, 30.RA8l6) 481, 323(30.9/ A4y 2050 HRWE caled fot i on was
stirred 20 h W] and 0.1 Mcitric acid (30 nL
each) with tr?ﬁ@ﬁ&lékﬁﬁgﬁgpg rf"’i"bﬁﬁu?s&é% The | ayers separated and the
aqueous | gyer washed with Et0Ac (2 X The conbi ned Et OAc | ayers
wer e succgésively washed with 0.1. M c%?’—(ia—ihékéc d; 0.1 M NaCH
2-({2-[({N-[6-((2R)-2-amino-4-phenylbutanoylaminooxy)hexyl]carbamoyl} methyl){2-
[bis(carboxymethyl)amino]ethyl }amino}ethyl}(carboxymethyl)amino)acetic acid,

trifluoroacetic acid salt

Ph

COH (o]
H

sz:ﬁrn‘o/\/\NNY\N»\/N\l F:Ic OH
o o COH
HOZC._N._.COH
25  Part A — Preparation of (2R)-N-(6-aminohexyloxy)-2-[(tert-butoxy)carbonylamino}-4-

" phénylbutanamide, trifluoroacetic acid salt
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and saturated aqueous NaCl (3 x 30 nL each) then dried over MgSH4, filtered
and concentrated in vacuo to a colorless oil which was used w thout
further purification in the subsequent deprotection step. The
protected conjugate (64.7 pnol theoretical) was dissolved in di oxane (0.650
m.) then successively treated with H20 (6 M.) and HCl1 (2.60 mml; 0.650 nL
of a 4 Mbsolution in dioxane) at 22 C The resulting pale yellow solution
was stirred 18.5 h, during whichatine a heavy white precipitate forned.

Upon conpl ete deprot ection, the L\;(ol atiles were renpved under a stream of N2
and the white solid resi due r@gksaoﬂ'yed/m\b@@ ¢ént@i ning 0. 1% TFA (8. 00
m.) then directly purified by HPL&G on a Phenonenex Luna C18 colum (21.2 x
250 mMm) using a 1% mn gradient from 0-30% MeCN 10 containing 0.1% TFA and
10% H20 at 20 ni/ nh solutichhef Bat-nHfe-OHL(0110 a3 66 Immdiig CAh.CR83.08 mLjvass col | ect ed

CONEO, aa 6o ek Sivély WSS APHOBE 53! oS0 ity BB oSk, B0 st NVR
7. 327( gg ga aﬂdZHEE’TB,(O 371g, bI3§0 m&o]lﬂat QHQHl:) ﬁ&r \;)\PSB EheSoldtldﬂ?zz :;rZatgdlilwﬁh 21 g 3?0
?’sh ), % 38%&@#@%&0{?@'@6@ 3(%0 mrgfipgncpaiion. i resiiigy S{lﬁﬁ?‘ W)
2. 09 (2H, Dbr sktirrei3G thivR(VoMG(Rs titnoved in Wkl ' Th8 clud@hyddroxkate bsterl 4. 6, 158. 3,
158. 2 , J= 128. 12 6. 6.9 ,
528,80ty 77 isgpnien 2 NochyraQlts & mi iy Sucp el yrpaghoiiy 147 Sigdrer s Py

cal cd for CSI@MMIMMI%) EGNE.(20 81, 0. F0umol) akirhe f@PA0 AP ok 3
202-[ (2-{[ (N- ([ 442R) - 2- ari no- 3-
napht hyppr opafsy ¥eaah 2r@o@rx Wm@wﬂ(eméqcm wesabrayRdydthin by Thepesulting yellow

[ bi s(car qusyrreslhwdaams GQI]t@J Rk }Iﬁﬁb&ﬁs}ﬁh%_{hé/(m(@% tihedl Al Rpdamb@kat i ¢ aci d,
trifluoroacetic acid CO21-1 F3CA LCO2H 25 Part A - Preparation of

(2R) - M4- (am ﬁdﬁr@ﬂw@q@mwwwmﬁﬂﬁnww%ngp¢r&wﬂ~ﬁmlz&w hyppr opa

1 de, . trifl adien feo los 0. 189g,
gaglooemmlr') | (AL 5 &g'%asl@mnm%rd tft%nﬁﬂllﬂf%m%ﬂ m&rgwauﬂm( g

successi vel y wcb@f’/euz(\mtm mh%rz Nihe n(az:ommt pegk ploting\a 138 mip was-pilertgdrndog g,
0.600 mmol)  at, oifed 1d\ bithe fvddl B7.84hE 7290}, 97 8955 AlshBR bfadudot PPPTS
15  can be detected in the '"H NMR spectrum. '"H NMR (DMSO-ds, 600 MHz): § 11.07 (1H,
brs), 7.77 (3H, brs), 7.26 (2H, dd, J = 7.6, 7.6 Hz), 7.18-7.15 (3H, m), 7.04 (1H, brd, J =
7.6 Hz), 3.77-3.70 (3H, m), 2.78-2.73 (2H, m), 2.62-2.57 (1H, m), 2.52-2.47 {1H, m),
1.82-1.75 (2H, m), 1.54-1.49 (4H, m), 1.38 (9H, s), 1.38-1.27 (4H, m). *CNMR
(DMSO-ds, 151 MHz): § 168.7, 158.2 (g, J= 32.0 Hz), 155.2, 141.23, 128.3, 128.2,
20 125.8,116.9 (g, J =293 Hz), 78.0, 74.8, 51.9, 38.7, 33.6, 31.5, 28.1, 27.2, 26.8, 25.5,
24.8. HRMS calcd for C3;H3sN;04 (M+H): 394.2700. Found: 394.2698.

Part B — Preparation of 2-({2-[({N-[6-((2R)-2-amino-4-phenylbutanoylaminooxy)hexyl]-
carbamoyl }methyl){2-[bis{carboxymethyl)amino]ethyl}amino]ethyl} (carboxymethyl)-
amino)acetic acid, trifluoroacetic acid salt

C
CO,H O
HzN,\n’ i g N m/\N/\, j FsC° "OH
. o .. o - - COM
25 HOC. N, _.CO:H

74



5 the product of Part WA (0.129 g, 0.500 nunol) in one portion. The
resulting solution was stirred 17 h then treated with additional HBTU (56.9
ng, 0.150 rrunol) to conplete conversion. After | h, the solution was
partitioned between EtOAc and 0.1 Mcitric acid (30 nL each) then
transferred to a separatory funnel. The | ayers separated and the aqueous
sol ution washed with Et0OAc (2 x 30 nlL). The conbi ned Et 0Ac | ayers were 10
successi vel y washeg séufidh &2 bM[p(U;g{[(feﬂam d and saturat ed aqueous sol utions
of NaHCO3 and NaCl (3 x 30 each) then dried over filtered and
concentrat ed ibaYDerveerbenyllmetyliamingisshydpmingacete %lﬁéé’(&w Q ool HORY her

purification i

ester (0.500 %h@ﬁi@?@@?%e g‘ggﬁcg?fs@ét:g\%g%§|7ﬁ'pg22%§mg{%wc@ H20 fs Do, m_)

and successi velly was agtesively treat@Bwith AR NFRTGUL 3010 lhand I HBTEO(Iid m@B0.0Et 2NH
129 DL, 1.25 QAc ol

(Corrpl ete dépr 68 ta¥ %@“edﬁg&“ "W“%‘Fﬁs%?ﬁetgo #r?*mp@étéoﬂfq/e’eﬁﬁeegnber

sol ution was @bt a@ 0N ttidid 28d EOTHhREdth)gitlOraikber foh separdlfry fignel ha

| yophilized. The solid wa

redi sso] ved in 1: | tered
t hrough a 0. 41'}533”5%593?%%%3“‘&‘?8“3?55 v st ‘B\}Tr‘%—gg‘éﬁb’@b ‘lgigl%qﬁﬁo'éb‘ﬁﬁdenorrenex
Luna C18 col ummA2ihyets Werd2ccoi)velysiasigedavith’s. mMcigie acld Msafw‘amem aﬂﬁecﬁ@f(/o IVFCN
containing 0.1% TFA od el uting
at 12 nin was S%‘Bﬁ‘?“é&?ﬂg“éa goe%k eﬁ““i“\ﬁh F‘E‘%‘n"S’SWgé ﬁﬁeffi@a@ 0. 209
nunol ; 41.19% conckhtratdiRn QMG ﬂ@lorﬁﬁ&}nl\ﬂvﬁi}ch wik ubad Qﬂm(uﬂ.fdnha‘)pmﬁcailﬁn {311,
brs), 7.89 (1H, d, J= 7.5 é 7. 86(1H d, J= 8.5 Hz), 7.83 (111, d, J 25 =
7.5 Hz), 7. 76|JF15FE"°‘3§‘)€}“ depeofection s 11 ny, 7.45 (1H, d, J= 8.0 Hz), 7.40
(1H brd, J= 7.7 Hrje prdtectdd dodjutate ££3.0 pﬂrﬂﬁ?he%reﬁcﬂ%)ias dissBi6ed iddioxAi, (0368 = 8.5

Hz). 4.28-4.24 (111 (2H, b 314 (1H ABX JAB = 13 6 b7, fies
= 23. 7 Hz), 3. @@(J(ﬂmws&@mvebwsated Yﬁhé{zqsi@ ulajand }%1@2 ﬁl‘iklj‘m"& 280 ("érl"% adM R

DVBO- do, 151, 159; - 1
(127 6 157,86, 9 ‘)’16‘“%1";2‘%ﬁ R2p78! Iﬁ “e}'ﬁﬁ%ggpa}é%ﬁ(’& c’ﬂ'@c?“fgm783'%(}lg?"?éli&‘(ihg 1.6,

36.9, 28. 15 HRWBhdirerdhehor WIGRPHZINBEAPHICEL Nm@gomp&ei@depmums@m@lankﬁig 1967.
Part B - Prep%?etﬂe[%veﬂfm Gackib ﬁnc{thf Nhid "onfjé ?edﬁEBl%@ 1§H£@con{ta2mmgo 1%

napht hyl ) pr opanoyl am nooxyyphenyl i rret | car am)y met
5[ bi s( car boxy fEAHF0P ah) the direaply parifiedd)y- Pé‘ﬂl@ﬂ) g B@P%Wﬁéﬂm% oHiacet i c
acid, trifluotpasebifmasidng@]dmik@lrear frdth 0-40%Q4EN containing 0.1% TFA and
10% H,0 at 20 mL/min. The main product peak eluting at 27 min was collected and
20  lyophilized to a white powder (10.4 mg, 10.3 umol; 41.2%). 'H NMR (DMSO-ds, 600
MHz): § 11.64 (1H, brs), 8.41 (1H, brt, J= 5.3 Hz), 8.31 (2H, brs), 7.30 2H, dd, /= 7.6,
7.5 Hz), 7.21 (1H, dd, J = 7.4, 7.4 Hz), 7.18 (2H, d, J= 7.2 Hz), 4.13 (2H, brs), 3.84-3.76
(2H, m), 3.64 (1H, brs), 3.49 (8H, s), 3.34 (4H, brt, J=4.9 Hz), 3.10 (2H, td, /= 6.8, 6.0
Hz), 3.03 (4H, brt, J = 5.7 Hz), 2.58 (2H, dd, /= 8.4, 8.0 Hz), 2.01-1.93 (2H, m), 1.55-
25  1.54(2H, m), 1.45-1.40 (2H, m), 1.38-1.25 (4H, m). "*C NMR (DMSO-d, 151 MHz): 8
172.7, 165.0, 164.3, 157.7 (g, J = 31.4 Hz), 140.1, 128.5, 128.0, 126.2, 117.0 {q, J = 300
Hz), 75.4, 54.3, 53.9, 52.1, 50.2, 48.6, 38.7, 32.8, 30.3, 28.7, 274, 26.1, 24.9. HRMS
caled for C3gHagNgO) (M+H): 669.3454. Found: 669.3446.

Example 10

% 2-{(2-{{(V-{[4-(2R)-2-amino-4-
methylpentanoylaminooxy)phenyl)methyl}carbamoyl)methyl} {2-
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0 r)?02HO0O NNNFaCAOH CO2H A solution of 2-{bis[2-(bis
{[(tertbutyl)oxycarbonyl ] nethyl}am no)ethyliam no}acetic acid (67.9 ny,
0.110 mml ), HOBt 10 (16.8 ng, 0.110 mmol) and the product of Part 12A
(54.9 ng, 0.100 nmmol) in dry DWF (2.00 nL) was successively treated with
i-Pr2NEt (38 uL, 0.22 nunol) and HBTU (41.7 ng, 0.110 mmol) at 22 C. The
resulting solution was stirred 0.5 h then partitioned between EtOAc and 0.1

Mcitric acid ($6sEderbSambin Maho]teﬂ@r}l&mb}eﬂ@i)ecaﬂﬁpﬁﬁammamfoqmaai acidfhe | ayers
separated and t he aqueous rayer washed with Ac (2 x 30 nL). The 15

combi ned EtO0Ac |ayers were succes<FHSRCRUSSH da th 0.1 Mcitric acid and
sat ur at ed aqueous sol utions of NaHCO3 ar;\g NaCLc(3 x 30 nL each) then dried

over MgSH, filtered and concentrated in 2\/a uo"¥0 a colorless oil which was

used wi t hout further purlfl |on in thejs bseq tit Beprotection step. The
prot ected conjugate (O. 100M m s BEswol ved i n di oxane
(1.00 20 nL) then successw.@.h d wth H0c¢¢40 ILL) and HCl (4.00

nunol; 1.00 nL of a 4 M sol utIGI’] i n di oxane) at 22 C The resulting pale
yeIIow solution was stirred 15 h, durlnq‘sv\hlch tinme white

precipitate fBihdd. P’QB&@HO%Q){%I{@T@H’@%YQE Ryl {regthyl isep- %/S‘P i?’inaéEO’i?o@l‘dé r emoved
under a stjeamddchlacafdsdihe white solid residue redissolved in H0
containing 0.1% TFA (8.00 L) then directly purified by HPLC on a
Phenonenex Luna 25 C18 colum (21.2 x 2 nabsi Ng a 1% m n gradi ent from
5-30% MeCN cont ai ni ng 0. 1% TFA and©i884 at 20 mL/mn. The main pr oduct

eak eluting at 20 m n.wa ecte h|| wde

F4o 5 ng, 38. 5 mot# sedyfion N'[f‘H’ d‘m%ﬁéﬁ iﬁ#ﬁ‘)"“@%ﬁ‘“&ﬁ% ﬁfﬁ brs),
(8134 (1H, 7br7t710£:i£Tm5§ﬁmHm)a7H8?ﬁ{7ik<{5§-i , SHirhizy,, A. 71098 -H.; Satd 31.;(Ndand)R,; ;58(92L 86

, r
AB, JAB = g. 2Uplgyma.R5 aﬂﬁ‘?;&é"‘s“*ﬂ%g%l#%"ﬁ@") Z’J@‘&% ?flf“p @2"‘ %14, 15
T O i W Ut A O PR S
r = .
172.7, 156. K@G‘% ugl. 12158819 WI)H‘C‘“"BS‘TOE ﬂf)resum pale Pé&“"@“"“l‘ﬁ? sirred; 35 3

132.2, 128. 4 0228 tRen \J‘&gﬁe@’to 2322@ ﬁamﬂaﬁédﬁas %%Zd é’oncé'r&@teém Ja%@o Ophekdifasl (g, J
= 299 Hz), 1126, 54.3, 53. 37.0. HRMS cal cd for

C34H42N6011 (wmei)rcd:smlteciz@w? ﬁé&mL) Medztggsc ﬂﬁnarnﬁpféwns@,freshly prepared
2- ([ 2- ({[ N-({ 4405 6(4?63)1“%9.? %%Péuﬁ onate (10.0 mymal 6,00 L ofa 1.67 M selytion i,

10net hyl pent anoy P ahinoox I’)car anoy

[ bi s( car bdkynBMIy (d) Saipire] bt Ayl airanﬁmr} éom;l?@fbé? B33y rtk} Rspmeend - ﬁb}S'Hté’eeWc aci d,
1972, 3, 140. (c) Suits, J. Z.; Applequist, D. E.; Swart, D. J. J. Org. Chem. 1983, 48,

5120.) dropwise over 5 min; additional DMF (2 x 0.50 mL) was used to quantitate the
transfer. After 0.5 h, the resulting solution was diluted with H,O (100 mL} with transfer
to a separatory funnel, then washed with Et,O (5 x 50 mL). The combined Et;0 washes

20  were dried over MgSQ,, filtered then treated with HCI (4,00 mmol; 1.00 mL of a4 M
solution in dioxane) at 22 °C. The resulting plate-like crystals were collected on a
scintered glass funnel of fine porosity, washed with Et;O and pentane (5 x 20 mL each)
then dried to constant weight on the funnel {0.597 g, 2.31 mmol; 23.1%). 'H NMR
(DMSO-ds, 300 MHz): § 7.74 (1H, brt, J = 6.0 Hz), 7.25 (2H, AA’BB’, Jsp = 8.8 Hz,

25 Jaa =2.5Hz),7.14 2H, AA’BB’, Jap = 8.8 Hz, Jpp: = 2.5 Hz), 5.90 (1H, ddt, J=17.2,
10.5, 5.4 Hz), 5.26 (1H, dq, J=17.3, 1.5 Hz), 5.16 (1H, dq, /= 10.4, 1.4 Hz), 4.47 (2H,
dt, J=5.3, 1.5 Hz), 4.13 (2H, brd, J = 6.1 Hz). '>C NMR (DMSO-ds, 151 MHz): 3

76



trifluoroacetic acid salt nmeit. HZNtO HO2G --N---¢c02. r)cO2H LCO21-1
F3C1011 Part A - Preparation of N nethoxy-N nethyl (4-

aphenyl met hoxy) car bonyl am nol 15 net hyl ) phenyl ) car boxam de A
solution of 4- ([(phenyl nmethoxy)carbonyl am no] nmethyl }benzoic acid (3.99 g,
14.0 nunol; Goves, K; Wlson, A J.; Hamlton, AL D. Am Chem Soc. 2004,
126(40), 12833-12842.) and HOBt (2.57 g, 16.8 mol) in dry DVMF (70.0 nlL)
was 20 successsaElys.0risaBerbaw, 138.3, 1 R NEL.3 (64.3373. L HRRAS. daled fioretd )H,atd; EDC

(3.22 g, 16.8 | 2 C. After 0.25 h, the solution was treated with
nethoxynethylQﬂ?ﬁ%éﬂﬁhpécﬁ?ﬂ?ﬁ%%tgq364 g, 16.8 nunol) in one portion. The
resul ting m xtur S stirr hen rtd tio ween EtO0Ac and 0.1 M
citric acid (%ﬁbsﬁﬁeﬂﬁﬁﬁ?n&ﬁ?ﬁﬁWaﬁﬁ%?a?ﬂﬁ%h%$%gp§%%@%ﬁy. funnel . The | ayers
separ at ed and biithey)athoaglasinody atietvwdghadarnitid, brifltofhacetic2cid s@15 50 nL). The

conbi ned Et OAc | ayers were successively washed with 0.1 Mcitric acid, 0.1
M NaOH and sat urated aqueous NaCHe(3 x 50 niL eacﬁ%ythen dried over My804,
filtered and concentrated in vagl0o: Rur@fj cat.i &A chr omat ogr aphy on

silica (40 x 250 nun) using asgmetiEo ution from1:1 -> 3:7
pentane/ Et6Ac (Rf = 0.3 in 1:1 hexafes/Et0Ac) afforded pure material as a

colorless oil (3.94 q,.12.0 mmpl; 85.9% . 11-IN .- 300 : 57.63
(2H, AA BB, JAB :Asf?gigthqz‘{fBﬂﬁRLE“'?Héoﬂé/g & 078.096‘-“’%% %4,91.%5,'\@5 o (111,
brs), 5.13 (2hmiel 1§be4g4ﬁ kI héhas sﬁUcE’ssivélSTreﬁecowhﬁ)—PrﬁEE@OQ 20,11.205mol. 33
5(3H, s). 13C NMR (CDCL3, 75 Mz): 8 169.5, 156.4, 141.1, 136.4, 133.2,

128.6, 128. 5, anbiaBTy (0238 & 0.600mnm]) 2582 ;. Afierd0 mim thy sobtion waiegptsdodthe d £ or

G020 SRR S50 el o o i

10 was stirred 17 h then treated with additional HBTU (56.9 mg, 0.150 mmol) to complete
conversion. After 1 h, the solution was partitioned between EtOAc and 0.1 M citric acid
(30 mL each) then transferred to a separatory funnel. The layers separated and the
aqueous solution washed with EtOAc (2 x 30 mL). The combined EtOAc layers were
successively washed with 0.1 M citric acid and saturated aqueous solutions of NaHCOs

15 and NaCl (3 x 30 mL each) then dried over MgSOs, filtered and concentrated in vacuo to
a colorless oil which was used without further purification in the subsequent deprotection
step.

The crude hydroxamate ester {0.500 mmol theoretical) was dissolved in 2:1

MeCN/H,0 (5.00 mL) and successively treated with 28.4 mg TPPTS (50.0 umol; 10 mol

20 %), EtaNH (129 pL, 1.25 mmol) and 5.6 mg Pd(OAc); (25.0 pmol; 5 mol %) at 22 °C.
Complete deprotection was observed within 0.5 h. The resulting amber solution was
diluted with H,O containing 0.1% TFA (3.00 mL) then filtered through a 0.45 um
Acrodisk and directly purified by HPLC on a Phenomenex Luna C18 column (21.2 x 250
mm) using a 1%/min gradient from 10-40% MeCN containing 0.1% TFA and 10% H,;O

25  at20 mL/min. The main product peak eluting at 23 min was collected and lyophilized to
a white powder (71.3 mg, 0.153 mmol; 30.6%). 'H NMR (DMSO-ds, 300 MHz): 5
12.11 (1H, brs); 8.10 (3H, brs), 7.36 (2H, AB, Jap = 8.5 Hz), 7.17-(1H; brd, J=7.8 Hz), -
7.05 (2H, AB, Jap = 8.6 Hz), 4.00-3.90 (3H, m), 1.66-1.36 (3H, m), 1.41 (9H, s), 0.90
(3H, d,J= 6.4 Hz), 0.86 (3H, d, J = 6.5 Hz). ’C NMR (DMSO-ds, 75 MHz): 5 169.8,
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10A solution of the product of Part 13A (3.28 g, 10.0 mol) in dry THF (100
m.) was cooled to OC and treated with MeLi (30.0 nunol; 10.2 nL of a 2.94 M
solution in Et20) dropwi se over 0.25 h; during the addition a heavy white
precipitate formed. After 0.5 h, the resulting suspension was treated with
a solution of conc. HCl in absolute EtOH (5:95 v/v; 100 nlL) then diluted
with Et20 and saturated aqueous NaCl (100 nL 15each) with transfer to a
separatory funfied, 1538a3bayD7s, sERraLed. aad7123d, a4qpeaiss2i. aydRMsasked wi t h

caturat ed aquibesRebet BBy Sa oot RR B Bster Ngsor 111 tered and

11 oa (20 x 506t e aeiRfo TRl Rl R Bt PR BRLBSR) 0P °°
bet ween 300- 5@enmilmethi jcadminopiimeblyl PR - [hisabonoettyl)amhad]ethyl Jamireior phous white

powder tha allized fromE tane to afford fine colorless
needl es (11:'5 5\9@‘3’?” is@%%‘%%‘lyi;)a‘%‘g‘?]éﬁ}%%? a‘%ﬁ’%gé‘g"?&cg‘%ﬁ‘.d *E. HNWR (CDC13, 300
MHz): 8 7.90 (211, AB, JAB = 8.3 Hz), 7.@5&4,}!:1%02@5), 5.22 (1H, brs), 5.13
(214, s), 4.40 (21-1, brd, J =6.2 Hz), 2.57 (3H,.s). 13C NWR (DVSO d6,
151 MHz): 5 197.6, 156. 4, 1%% 136. 4, 13¢, 3. I28.7% 128.5, 128.2, 128.1,
127. 4, 2567.0, 44.7, 26.6. " ical or G‘f‘FII"\ZNCBGMPH): 284.1281. Found:
284.1280. Part C - Preparatﬁ:@ﬁﬁb"f‘o hyl 244- “coM

{[ (phenyl net hoxy) car bonyl am nol°net hyl } phenyf | acet ate Me02C NHCbz A

solution of the prpdyct of.,Par 3 .24 g, 4.38 nunol) in 3:1

MeOH HC( OME) 3 (28.%3 ‘j°'\f€£§"§ﬁt?&é%?§ﬁ({7éry treated with AGNOGB (1.56 g, 9.18
'mop and 12( 1bdtyl)exycatbdmil}mmathyl}amino)2¢l]aniine} acaakitd (6709 mg) Wl itammui HOBr ned to
68C and mai nt ai.ned at, . hef | for 2 h Ler ld ng 10,22 C . th pensi on
vas 111 tered LR b Fridtony Mool dBAT 0B ER A o R FhnetinyPLoRt
partitionad bgoanh) vaisA0ccassileli2i2ated Ortht-PANEN3SWLE ;122 mandfaad HBAU45.8par at ory
funnel. The | aye sepay at and the aqueous | ayer hed with Et20 (2 x 50
D) The conBlereh Gmba) Fearars Theratiins SHin e el i frh b tprha
concentrated bRwYRABIOAL @nd0. YW &iicSBidi(3h hb@hch)afh @b\ 4 Jz?mmwmhmr
purification in the subsequent reduction ste 3, 3 MHz): 8

. ITHNMR (CDCl'3,. 300
7.87-7.80 (5HIhgdpyerssepasated pnd theyagueous laygr vﬂgﬁtvlt%?to@.(ézf 30mb)- BP), 4. 36
(2H, brd, J= Gorbilda)EtOAc fiferk ke sSdcessBreBOvdshed with 0.1 PBditricReid altd giaased i on
of . N-([4- hy henyl nmet hoxy) car boxam de HO NHCbz

2- d t.hyl ).ph I t hyl /
A sol ut i oﬁS of awé"%)ég@amyfto)fgﬁﬁfgép Jtmrliﬁ%éylda(f 5@)@@ eqch) thepded ovepMgPPsTHE (38. 3

m.) filtered and concentrated in vacuo to a colorless oil which was used without further

purification in the subsequent deprotection step.
The protected conjugate (0.110 mmol theoretical) was dissolved in dioxane (1.00
mL) then successively treated with H,O (10 uL) and HCI (4.00 mmol; 1.00 mL of a4 M
20  solution in dioxane) at 22 °C. The resulting pale yellow solution was stirred 15 h, during
which time a heavy white precipitate formed. Upon complete deprotection, the volatiles
were removed in vacuo and the white solid residue redissolved in HO containing .1%
TFA (6.00 mL) then directly purified by HPLC on a Phenomenex Luna C18 column
(21.2 x 250 mm)} using a 1%/min gradient from 0-22% MeCN containing 0.1% TFA and
25  10% H,0 at 20 mL/min. The main product peak eluting at 18 min was collected and
lyophilized to a white powder (30.8 mg, 31.8 pmol; 31.8%). ‘H NMR (DMSO-ds; 600-
MHz): § 12.70 (1H, brs), 8.90 (1H, brs), 8.41 (3H, brs), 7.26 (2H, AB, Jas = 8.4 Hz),
7.03 (2H, AB, Jap = 8.1 Hz), 4.30 (2H, brd, J = 5.2 Hz), 4.20 (2H, s), 3.81 (1H, brs),
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15 was cooled to OC and treated with LiAIH4 (3.83 nrnol; 3.83 nL of a 1 M
solution in THF) dropwi se over 10 mn. The resulting solution was stirred
0.25 h at 0 Cto ensure conplete reduction. Excess Li AlH4 was consuned by
the careful addition of H20 (145 itL). The resulting white suspensi on was
successively treated with 15% aqueous NaCH (1454) and H20 (435 pl) then

stirred for 0.25 h to a fine white slurry. The resulting 20 m xture was

filtered throsgh(sH, pasl3e{4- el t©54ME),CAaqeditrad ed. 8 e)yB6AUGH, g 065 ude oi |

v, PO 1120 BY G SR SN L6 il NREADES g 4 0 o oo

87.36-7.29 (5H2.1166.4,.1887,(13812, I%O(QA&SJO.THB),B-EQ.S, 128.1.9 10 2i¢h, JABIONHA, = 7.7

Hz), 5.13 (2H r 384(2H t,
J= 6.6 Hz), 1@58(5%25%% g%fug% Eﬁ—&‘f 79 4%%?%-?!121%2 ?‘N%—ﬁ cal cd for
C121419NCB5(I\EL\JH)ZNGG.meEBz?HMnGbmﬁO&?mSY Par t E - Preparation of

N- ({442- (1, 3-di oxoi soi ndol i n-2-yl oxy) et hyf | phenyl } net hyl ) -

(phenyl nmet hoxy) car boxam de A sidaptpledd of the product of Part 13D
(0.300 g, 1.05 nunol), 2- hydroxyi soi ndoline-1, 3-dione (0.206g, 1.26 nmol)
and PPh3 (0.414g, 1.58 mml) i B-[@-Y{NHER-20- 25amli119 4was cool ed to OC and

col or di d not per s st RmepedfeB IRk R RSB Sae

i medi ately war ﬁbdcarbbmemvl)mndeﬂwlﬂatllegl}eithyl)(ﬁatmwmﬂwlmmptyc agidr i fi ed by

chromat oghgphy on S|I|ca using a jen from2:1 -> 1:1

hexanesi EtgAc (Rf =0.5in 1:1 he%%g’g(/ﬁlg&ﬁiwts The product containing

fracti ons were conbi ned and concentrat e%gzo“a\c\aml te crystalline solid

(0.354 g, 0.822 nunol; 78.2% . |FINWR ( '%8 Ngi) 8 7.83-7.80 (2H,

n),217(;ﬁ 7AZ;2 Sig m)7 57H§§3 ) 293( 1m7 4655) %}1°“AE JAB4_42 Ozﬁ) t
= % H | rs) ( ,

.1=7.3 Hz), 4.33 (211, brdeN/Trﬁ 12(2‘1‘3|2 .1 =7.3 Hz). HRVS

Cal cd for C251-122N205 (M+Na): ©453. 1421 Found 453 1425. Part F -

Preparation o

(am nooxy) et hy phen;}’%}mor{?’nfx}]z})njv# ﬁmfl nt}%}g))ﬂl%ng)rqgoxgﬁ{ de, hydrochloric acid
salt HCl HZI\meN@ﬁmnylammo}Alewtammd@ tiifhorqeeatidacid sgf Part 13E (0. 341 g,
0.792 nunol) in 9:1 CHC13/ MeOH (8.00 nmL) was treated with hydrazi ne hydrate
(0.190 nL, 3.92 mmol) in one port"ion at 22 C. Wfhin 5 mma white

pr eci pi tate formed; after 1 h the re;act WasHEo®l et e. The suspensi on was
filtered through a plug of sil seoa b0 then eluted with 9:1 20

CH2C12/ MeOH (750 nlL) and concentrat®d |n vacuo to a white solid. The soI id

was triturated with t20 filtrat tere
gl ass funh®l. The 419 "r"é{t(’tB ﬁ?&#ﬁ@l&ﬁ*gﬁbé )taﬂdh@%&?%%mg gﬁ)@ 0 2 m
of a4 M sol Uinin@I) in DME (000 04E)) was shcbdisivel rediéd wigh pprgclﬁtr(zmga,nrf; 100! hrRel) ed,
washed with Et20 (10 x 5 nil.) and dried to constant weig i n vacuo (0 220

g, 0.653; 82. yguhHE Y {$AR8 @ geol @bty Wiy fter 10 Wv@ESE’IZ‘PP“ E%Feésed“‘# 78 (1H,

brt, J = 5.8 {H rocht%?PJt 12)&(@11319 gho. 5007mx%9%(n?o¥.e%om8a8 TMBsmim% séhutidn 7 18
(2H AB, JAB = 5. 2H, (2H,

brd, J =6.0 Hzi)stmzdb @Qwarfntnongdbgwseq_@pm,am/@iygpw ap@r(:;o tll_rli)each) with

?2%42&1} %gg%%&h to?a%%palé ﬂJIE]@lljrldlﬁ xﬁy@élss [ td an%l the af@dohs §alutioRwapagat i on of
am none Yy et oxy er
but oxy) car bonyith EifAfdE )‘Ai")pr?ﬂt)h ?)@:rw%eérﬁtaéc gaﬁ?’?ﬂe{?éfl‘iféisé‘te?ycwaéb‘?dcmghlt

0.1 M citric acid and saturated aqueous solutions of NaHCO; and NaCl (3 x 30 mL each)
then dried over MgSQs, filtered and concentrated in vacuo to a colorless oil which was
| used wi.t}-mu-t further pufiﬁéation iﬁ tl'.le. .sub'sequent depro{-ection- step. |
25 The crude hydroxamate ester (0.500 mmol theoretical) was dissolved in 2:1
MeCN/H,O (5.00 mL) and successively treated with 28.4 mg TPPTS (50.0 umol; 10 mol
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A sol ution of Boc-DLeu-OH (49.0 ng, 0.197 mmol) in DVF (1.00 nlL) was
successively treated with HOBt (30.0 ng, 0.196 nmmol ), i-Pr2Net (51 gL,
0.293 mml) and HBTU (75.0 ng, 0.198 nunol) at 22C. After 0.25 h, the
solution was treated with 5the product of Part 13F (55.0 ng, 0.163 nmol) in
one portion. The resulting solution was stirred.0.5 h then diluted with

Et 0OAc (25 nmlL) and transferred to a separatory funnel. The Et 0OAc sol ution
was successi ved)yEwRs g iy, 1 b5 furbi)¥ng & 6mgCPHOAM), (23.0qurddl; Srinpl %hat 28aCur at ed
aqueous sol utions, of NaHCO3 en dried over

MySO4, filter SQVRKHE d@B’HE?&‘Fﬂ“r“é?F@ESWd\Yﬁ%WgOn{j %hﬁ"ecfﬁﬁgg’tnsé?gerﬁf’ BHYEh was used

W t hout 10f ur dimied widhi HIQ Enltdidng 0. MotTRA (swbﬁﬁqulmtlyaﬂmmm ok kslid vadsep.

Th de hyd t thegreti cal di ssol ved in MeOH
(1500 i) anaregaten Jir R-QOophChsl ol e froveh s WRASoGRERI 10 ol 99

in one por i oR;rély #arified b}f}mrce&lta rtueﬂanéluﬁpmscmom (BP2K 98FmW) bidingla At M H2,
and mai nt ai ned K After a t he vessel w't t he susgenm on was

filtered thr oﬂlé’/\‘m& EE’PC'ZFE}‘E?H@% 1% Ronfaipipg %éﬁggﬁ’ta\"ﬁtlgé R The

resi due was rﬁd,/ﬁﬁlolmeﬁain@r&duatm Qtt(’Bmﬁﬂmfﬂe)ylldc&ﬂian&ilybﬂﬁﬁieﬁtcpd”i fied by
HPLC on a Phenonenex Luna Cl18 c

250 %
gradi ent from“hie E‘B’U)éew@dﬁéo‘?ﬁ%'ﬂi“ﬂ'gﬁ 0%% MBWMB zp lént?m n. The

\Aﬁzl? prosl\gct |brs?|8UItU(B‘H lﬁ& 296 A\Ha.g%%eozimﬁxedmr}q&dwpmﬂmz;eﬂ%sl\ﬂa;
Ite powder .
M 15 (1n1 brgﬁ o, 131 7 ST 1 2) ot A o Heb TIRBITL 61 2 1633 (2,
AB, JAB = 8.1 iﬂ!)AB Qﬁasl&is%r(m b}&JEﬁl Hz), 3.98339 ((Hhh), Dre2.65 81198- 3

(2H, ), 3.82-3 15(1Hr‘r)

1. 46-1. 40 (1Hm)n%59 QS%@H(QQ 193- ’s§7((22k1 @g 143 B4, 5@1?)5%};’ %%Mg‘?‘{ﬁaé‘ d, J= 6.5

EZ) dO ggo(gé%ﬂﬁz%gﬂ @li) erSss HRMG, mlzgdzsfmzmobsi@l\l?@% 18\dt 5.2, zﬂaﬂ 2544, .
oun art H_- rati - am no- 4-

ot hyl pent anogt éﬁ%&%ﬂ%oﬁﬁ% PPl E o e R fohi.”

[ bi s(carb | i carbgx th noI cetic acid,

Erifluor odde NF e del?éﬂl‘f’“"ﬁef(zgw &45&514# 4b %M?% 8" F3CACH

NCO2H phenyl]methyl} carbamoyl)methyl] {2- [b1s(carboxymethyl)ammo]ethy]} ammo}

ethyl){carboxymethyl)amino]acetic acid, trifluoroacetic acid salt

HO.C” N COH
Ph COzH 0

s ¥oaanadica
N0 COH
o

A solution of 2-{bis[2-(bis{[(terr-
20  butyloxycarbonyllmethyl}amino)ethyl]Jamino}acetic acid (47.9 mg, 77.6 pmol), HOBt
(10.9 mg, 71.1 pmol) and the product of Part 11A (33.2 mg, 64.7 pmol) in dry DMF
(1.29 mL) was successively treated with i-ProNEt (25 pL, 0.14 mmol) and EDC (13.6
mg, 71.1 pmol) at 22 °C. The resulting solution was stirred 20 h then partitioned
between EtOAc and 0.1 M citric acid (30 mL each) with transfer to a separatory funnel.
25  The layers separated and the aqueous layer washed with EtOAc (2 x 30 mL). The
- -combined EtOAc layers were successively washed with 0.1'M citric acid; 0.1 M'NaOH
and saturated aqueous NaCl (3 x 30 mL each) then dried over MgSQs, filtered and
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A solution of 2-{bis[2-(bis{
Wer t but yl ) oxycar bonyl ] met hyl ) am no) et hyl ] am nol acetic acid (51.1 ng, 82.7
lino, HOBt (12.7 nmg, 82.9 jinol) and the product of Part 130 (34.0 ng, 68.9
gnol) in dry DVMF 5(2.00 nL) was successively treated with i-Pr2Net (21 jil,
120 pnol) and HBTU (31.4 ng, 82.8 pnol) at 22 C. The resulting solution was
stirred 1 h then diluted with Et0OAc (15 nL) and successively washed with
0.1 Mcitric aancdm(a&dm vadudio)a cdleless @il whidhads aspdedthsutsotther paifeatidn iNaHCO3 (3
x 10 mL) and NadC g %fthen dried over MgSH4, filtered and concentrated
in vacua to alESHEPIUEULeRPiecisi®R was used wit hout further 10purification
in the subsequent TiRPk@éR@ICORNgLAE @A.7 pmol theoth@l)pﬁa@HB@ctlmd it dinkdug &1.650( 68. 9
pnol theoretical) was dissolved in dioxane (0.5 t hen succgﬁs&l\[/el y

treated with FRQUEDsucresyivelniested withHah(Gingad HCB@éOMQJfOQS%M ion in
di oxane) ag 2&1&1011%@0% fe{ \AA%?“@ PRE Bsulifilg! pgre/yéwwsdnmn%@stﬁ%edne% 18 h,

during which tinme a heav Ite precipitate’forned. Upon corrplete
depr ot ect i on, during whidhetinid aghwaswhiterpsecipdais\fened n Heen epmytqtedaprasicting thend t he

white solid reggi E%ewcrr fghaed ‘}@g’ dﬁl %rc!.ﬁ‘ggf %QonquﬂQ thé—ré%xIEAeﬁ%lvl@% MeCN

(3.00 nmL) then rect y puri henonenex Luna C18 col um
(21.2 x 250 rrhl)zog@imgnao MTﬁm(SgﬂOadp)éhﬁn diregsin puifigd hHNVEEHE ewn PRAAMERFX0. 1% TFA

and 10% H20 af AEY A o 39%1\1&1@1 n was
col | ected and 1{1§|T,/0| zecg21 ng@hl%)%ggwwﬁ? dﬁhwrd g 5 prol; 20 79.2%.

1HNVR ( DVBO- d eontaameg Q/16) TF Agantl 1l 0%0H 014420 palémin. éhgwaggmdumeak euting av23 ) |
8.28 (2H, br S)nua&a%%%é%an@?og%ﬁ%g‘to §w§1t&@wde7 311 n(g’- blS 9@%0] ‘JlQ‘B"/ ) —'I-i3 4 Hz),

4.32 (2H, brd 4.00 ({214, ABX 6 Hz, JAX
= JAY = 7.0 HNMR @MSO3R¥0eMHZ: H279 (8Hoss) 8.P2 btbas) 8§653ﬂ,(tm9+73s2)(2H3 38

(4 DI D, o HR) A 08, Bl o i 7 @ig A
6.1 Hz), O.88HeBM31@H,brd=J6 510 Hip) 4.23 @H, BVRSY @Léﬁ@(ﬂﬂs),m%)( Hepry 72, 7,
165. 5, 16‘15675355@@;@7(2535%) §§g‘6£1 bgfzwém}ﬁgnﬁso]@&ﬁ MHA7 2 416, 9 (a,

J= 299 Hz) : 3.4 23.8,
22.2, 22.0. HRMB.d64.6d583r1582AR1IGIEDH), (4041328528 32128.6, P:%ﬁjhd263355 3291.

Ex le 14 2- alc
phgm/)l gut anoyl ggm?ﬁgoxy?be%{%ﬂ?l%é‘i%a@ %ggﬁ:%afg%%o‘g}ﬁ ?rze? h339l5) }%RMSC tod
{

[ bi s( car boxy iy FaiisRo)(ily BeiTi2Ae. dion 2a¥%oxymet hyDam no}acetic acid,
5trifluoroacetic acid salt 002HO F3CACH
Example 12

20 2-[(2-{[(N-{[4-((2K)-2-amino-3-(2-
naphthyl)propanoylaminooxy)phenyl)methyl }carbamoyl)methyl}{2-
[bis(carboxymethyl)amino)ethyl}amino }ethyl)(carboxymethyl}amino]acetic acid,

triflucroacetic acid salt

HO,C™ N ~COzH

H COZH Fgcj)‘ou

g anas

Y

HZN’\n’N‘o kcozH
0

25  Part A — Preparation of (2R)-N-{4-(aminomethyl)phenoxy]-2-[(tert-
" butoxy)carbonylamino]-3-(2-naphthyl)propanamide, trifluoroacetic acid salt
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LCO2H Part A - Preparation of

(2R) - N-{244- (am nonet hyl ) phenyl j et hoxy) - 2-[ (t er t but oxy) car bonyl - am no] 4- phe
nyl but anam de, trifluoroacetic acid salt 10A sol ution of Boc- DHf e- CH
(55.0 ng, 0.197 nunol) in DVF (1.00 nL) was successively treated wi th HOBt
(30.0 ng, 0.196 nmol ), i-Pr2Net (51 AL, 0.293 nunol) and HBTU (75.0 ng,
0.198 nunol) at 22C. After 0.25 h, the solution was treated wth the
product of Part 13F (55.0 ng,m? nunol ) in onegportion. The resulting
solution was stirred 0.5 h th ut ed whih,Ft g@é\o(,ZS mL) and transferred
to a separatory funnel. 15 The aEtQ« B on was successively washed with
0.1 Mcitric acid (3 x 30 nm) and saf urat ed aqueous sol utions of NaHCO3 (3
x 30 mL) and NaCl (30 nmL) then dried over MgSO4, filtered and concentrated

in vacuo to a col of ksfon@f BobBNSNOMAE 1 895 0.604 ftitand HIOB €I Jug,i0fG06at i on in
t he subsequent deprotection step. The crude hydroxamate ester. (0.163 nmol

theoretical ) wahdn By &8 min “@E@‘HCWV@IF‘GWW)& ’aFFéNnE‘r(g%% édqﬁog"‘i‘f"éb% Pd on
carbon (17.4 mnéﬁjg;dﬂz@f 0.680miRY) af82 4 ORE 1081, iHRNoRtiorRasireatt@ithesul ti ng
suspensi on was sparg with 1 atmH2, and maintained 1 h. After purging the

vessel with Nehe ptadectofiBaeH Onl 28as0-500 mepd in engpatign Bhereslfing#platodi skt hen

concentrated | ' \ ioN 58 mndREMbHRB ( 3. 00
m.) then di re&:’vtg é;ﬁ’r%ﬂ??P;ﬂggtrE@&Hg%adgﬁQQQIgﬁ%’ﬁi%‘rﬁgg,E%g Cl%ﬁcol_rg%n? 21.2 x

25 250 ) uskengeraionvhfiemi hythedplatien vasorertitivnahbgvas R QanndiOn Mgitdc a8 TFA and
10% H20 at 20 ] i | iyl qlafd @S col | ect ed
2 Tyophi | ogERL ReirdileRet A0k B9 %E;,“%“f“% e VR

(DVSO- d6, 600aduepys:solgtiam washed with E¥Q¥A0)(2 x@0mL)( Ihfcqwq%l)ef* EfOAglayIpiveI&B  JAB =
8.2 Hz), 33 - =1 8. Ussolutibns of NAHIGD) .

7.18-7. 16a? 3H?M$?‘V@?3§Sl‘f ] Hw'jth%‘rlg\,/[ %ﬁi‘z %c?%aﬁzsi@dée.d gg"e(o S 3,739 (2H
n, 3.75 (1H, apNaCl(Dx 3@mizrch)theq driedovep MgSOg fiftered ynd eongepiratgding@eyq iy 1y

2.53-2.47 (1H B hikh 6As hiwidldut fulrthdBpurifichtion)in thE sERVRue!deptofettion
C24H33N304( MEDC&IZ%%?%544. Chiti L s Preparati%n of

2- ([ 2- ({[ N\ ({482- (( 2R) - 2- ani no- 4-
phenyl but anoyl am nfxy) %Pi{rb%&&%le} [RidOMRAS RAEAYA!) WRLdMsbIVedid 2:1

[ bi s(car boxymet hypam no| et hyl }am no) -ethyl |i car boxymet_kllglg am noQ) acetic
aci d, 10t r5f | ivieCOHdA (S0amli)cnd sycgessively treated with 28.4 mg TPP (50.0 pmol; 10 mol

%), Et;NH (129 pL, 1.25 mmol) and 5.6 mg Pd(OAc); (25.0 pmol; 5 mol %) at 22 °C.
Complete deprotection was observed within 0.5 h. The resulting amber solution was
diluted with H»O containing 0.1% TFA (3.00 mL) then lyophilized. The solid was
redissolved in 1:1 H;O/MeCN (8.00 ml), filtered through a 0.45 pm Acrodisk and

20  directly purified by HPLC on a Phenomenex Luna C18 column (21.2 x 250 mm) using a
1%/min gradient from 30-60% MeCN containing 0.1% TFA and 10% H,0 at 20
mL/min. The main product peak eluting at 12 min was collected and lyophilized to a
white powder (0.115 g, 0.209 mmol; 41.9%). 'H NMR (DMSO-ds, 600 MHz): & 12.08
(1H, s), 8.10 (3H, brs), 7.89 (1H, d, J= 7.5 Hz), 7.86 (1H, d, /= 8.5 Hz), 7.83 (1H, d, J

25 =7.5Hz),7.76 (1H, 5), 7.51-7.47 (2H, m), 7.45 (1H, d, /= 8.0 Hz), 7.40 (1H, brd, J =
7.7 Hz), 7.21 (2H, AB, Jap = 8.3 Hz), 6.86 (2H, AB, Jae = 8.5 Hz), 4.28-4.24 (1H, m),
3.92 (2H, brs), 3.14 (1H, ABX, Jap = 13.6 Hz, Jax = 6.7 Hz), 3.06 (1H, ABX, Jag =133

| Hz, JBX =8.8 Hz), 1.35 (9H, 5) .">C NMR (DMSO-ds, 151 MHz): 8 168.8, 159.4, 155.3,

135.1, 132.9, 131.9, 130.1, 127.6, 127.6, 127.6, 127.5, 127 .4, 126.0, 125.5, 112.7, 78.3,
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A sol ution of

2-{bis[2-(bisg(tertbutypoxycarbonyl]nethyl)am no)ethylJam no}acetic acid
(31.5 ng, 51.0 ).tnol), HOBt (7.8 ng, 51 pnol) and the product of Part 14A
(23.0 ng, 42.5 pnol) in dry DV (2.00 15 nL) was successively treated with
i-Pr2NEt (13 gL, 75 prnol) and HBTU (19.3 ng, 50.9 not) at 22C. The
resulting solution was stirred 1 h then diluted with EtOAc (15 ) and
successively yaghed yd9g hgQ. i{RM§¢atlcrdlfsr%HQN!@(WMH})M%%s:ammat ed
aqueous sol utions of NaHCO3 (3 x 10 nL) and NaCl (10 nlL) then dried over
MySO4, filter &tP-B&d concentrat ed in vacuo to a colorless oil which was used

w t hout furt her urificatio equent . deprotection step.

The pr ot ect edP¥bR-FEFREm Rt “("ﬂ‘fgs(% q%@%éf’?’ﬁ'&?)q'( fias di ssol ved in di oxane
(0.500 nt) thﬁé’bhﬁ#g&@ﬁaﬁbwﬂhﬁo&ﬂ’ﬁ—@h@ﬂl]ﬁfeﬁm}dal%o@ﬁmpﬂ:}l}and HC1 (2.00 nunol ;
0500n1_ofa4Msqut n|nd a]?i@ %FS esultlngcp(flleyellow
sol uti on was E’(‘W"’Fl@dy’% )"“’(!I‘Ei’r]‘?t WP rethylKearbpx ety agHRaleceie % bi t at e
formed. Upon ganploadetc aePsahit ection, the volatiles 25 were renoved under a
streamof N2 and the white solid residue redissol ved in H20 cont ai ni ng 0.1%
TFA and 10% MeCN (3.00.nL) then directly.perTdTednbj HPLC on a Phenonenex
Luna C18 colum (21.2 x Q.4 using a 1% gga,ydl ey from 7-29% MeCN
containing 0.1% TFA and 1Q%H2Q at ﬁ &y oduct peak
eluting at 16 mmwas col | ect ed ianiil li zed tL%’? whlte powder (13.3 ny,
12.7 pnol; 30.0%. 114 NMVR (PWBQE dB, 600 Mz): 78 (1H, brs), 8.90 (1H,
bit, 3=5. 6 Hz), 8.35 (2H, brs), 7.30 (2H, dd, J = 7.6, 7.6 Hz), 7.25 (2H
AB, JAB = 7.9 Hz), AZothﬂen(e?!zi{byé{i (bibAfrer- 7. 9 Hz) 7.18 (2H d J =7.3 Hz)

Z\B)Z(\l( 73)1% (1wa%yﬁaa%éyﬁmsw}mvo)ethﬁﬂms‘@%ww}&ﬂﬁf % 2@‘)" ‘ééﬁf‘i( 2H

brs), 3.490(8Hé.5m oaxﬁﬁuﬁ&y-éndlﬂietprodhaﬁpénlrmﬁ@ﬁgl 0{ Wblmrhol} in ddy BMF. 8 Hz)
2.89 (2H, ABXY, IAX =Jax= JAY = JBY

d
Hz), 2.03- 1. G:00mph) wagpuccesstvelniRaiediii- HBNEiéi HM&% mS‘O!L)?QQ HBJri'éé% 164 6,

157.9 (q, -?%10 glmo%él«c“z@ @, Tia@ﬁes@lnn%s"b@uu%n w%?ﬁm%d 01521&1151 pa%%&néh 127. 4,
126.2, 116.9 52 50.3, 48.6, 42.1,

33.4, 32.7, 3betweeniAc aud Q;UM iric@eg (30mE N@@lwnb Wﬁfér térwpgz'gw fmmfh nd:
703. 3289. Exa"ﬂ?é E?(e]rése argtL(? é\lfcfu%%%q?‘e‘ aﬁ}le@wmm& Q{%’O mL}. Th

napht hyl ) pr opanoyf am hooxy) e pcar bamoy| | met h&
15[ bi s( canboxyerebinedBa@nn bilyers wre}samemaeétwh ‘alﬂb‘bi(MﬁétTmP ﬁfﬂ“ﬁ?}é‘il c acid,
trifluoroacet !a(ﬁxe@&s' sgluﬁ(%stof NIEQCB and NA\&JI‘(S % 98 &id each) then dried over MgSQOy,

filtered and concentrated in vacuo to a colorless o1l which was used without further

purification in the subsequent deprotection step.
The protected conjugate (0.100 mmol theoretical) was dissolved in dioxane (1.00
20  mL) then successively treated with H,O (10 pL) and HCI (4.00 mmol; 1.00 mL of a 4 M
solution in dioxane) at 22 °C. The resulting pale yellow solution was stirred 15 h, during
which time a heavy white precipitate formed. Upon complete deprotection, the volatiles
were removed under a stream of N; and the white solid residue redissolved in H;O
containing 0.1% TFA (8.00 mL) then directly purified by HPLC on a Phenomenex Luna
25  Cl18column (21.2 x 250 mm) using a 1%/min gradient from 5-30% MeCN containing
0.1% TFA and 10% H,0 at 20 mL/min. The main product peak- eluting at 20 min was -
collected and lyophilized to a white powder (40.5 mg, 38.5 umol; 38.5%). 'H NMR
(DMSO0-d;, 600 MHz): § 12.49 (1H, brs), 8.84 (1H, brt, J= 5.1 Hz), 8.63 (2H, brs), 7.98-
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O ri 002H 1-0021-1 F3Cl11'0OH Part A - Preparation of

(2R) - N-{244- (am nonet hyl ) phenyl ] et hoxy) - 21(tert -

but oxy) car bonyl - am no] - 3- ( 2- napht hyopr opanam de, trifluoroacetic acid salt
A solution of Boc-DNal-OH (62.0 ng, 0.197 rnnol) in DVMF (1.00 nL) was
successively treated with HOBt (30.0 ng, 0.196 mmol ), i-Pr2NEt (51 pL,
0.293 mml ) and HBTU (75.0 ng, 0.198 mmol) at 22 C. After 0.25 h, the

sol uti on was v.9&&H )i 89786 H) m),dUTE (1Hf brBar 677 38 (X5 50)07. 489(1H) bp 8.86unol ) in

oD L, ) R ST L AR NS 31 AR S A DR by o,
was succeslsi Y@.B%(%ﬁs}a&diﬂ%&fbnﬂ]&SJVIsz),thSe}ak:mH, 03 3)(2639&2101){'E mmd.ogsr{?ig,gr 2'\[/ :(r:l
NSO, i 1'ter B8 -ardt! BohcentME Gesh e dL RS 25 e dE GRE R Un s used
\r/]viéI ?8;; rr; ;Jﬁet Qer.s play, ii §1.8,a83.0n130, me,s;;mzse;qme,rmsa?emmt Smd,gm.s,tleELS T?i g(r) ude
m)f) and treat 2%69%1%0]’852}@9]5#9?3%3&5%%34%59@%@%9“%&5%% %bl % in one
portion at 22HEMSlhkdfeTiiii,NG,s0SEN31 102P8daBowmpatided8wi th 1 atm H2, and
mai ntained 2 h; an additional 0.2 equiv Pd was added after 1 h to ensure
conpl ete conversion. After purging thexampdsid with N2, the suspension was

filtered through a 0.45Acrodi sk then concentrated in vacuo. The residue was
redi ssolved in 1:1 MeCN H20 ( 2-{1B({V)({4-fR((2Re2-ainwedt | y purified by HPLC on

Ph L ) I % i di f
5. 5106 N cont ai riy Bt Eh IR B B BT 0 e
peak el uting at [higcaboxymsthybahinelcthyl amind)ethyl(shibpkyneaihyleminopdreticagybwder

(60.8 my, 0.105 rmol; 64.5%. 1H 8,00 Miz): 5 11.14 (1H, brs),
8.11 (2H brs), 7.85 (1H d, 1:7%“&#2'@,&;%7}.332 il d, J = 8.4 H), 7.80

(1H, d, 15) = 7.6 Hz), 7.71 (1H s), 7. A8pftd~E3K, M, 7.41 (1H d, .7=
8.1 Hz), 7.33 (2H, AB, JAB con o

Me 2
W A

0
"3 x Ngﬁﬁﬂ\’w\k e
Hzn’YN‘o COH
O

Part A — Preparation of N-methoxy-N-methyl(4-{{(phenylmethoxy)carbonylamino]-
15  methyl}phenyl)carboxamide

o]

Mew
OMa NHCbz

A solution of 4-{[(phenylmethoxy)carbonylamino]methyl }benzoic acid (3.99 g,

14.0 mmol; Groves, K.; Wilson, A. I.; Hamiiton, A. D. J Am. Chem. Soc. 2004,
126(40), 12833-12842.) and HOBt (2.57 g, 16.8 mmol) in dry DMF (70.0 mL) was

20 successively treated with i-Pr;NEt {(4.87 mL, 28.0 mmol) and EDC (3.22 g, 16.8 mmol)
at 22 °C. After 0.25 h, the solution was treated with methoxymethylamine hydrochloride
(1.64 g, 16.8 mmol) in one portion. The resulting mixture was stirred 1 h then
partitioned between EtOAc and 0.1 M citric acid (100 mL each) with transfer to a
separatory. funnel. The layers separated and the aqueous layer washed with EtOAc (2 x.

25 50 mL). The combined EtOAc layers were successively washed with 0.1 M citric acid,
0.1 M NaOH and saturated aqueous NaCl (3 x 50 mL each) then dried over MgSOs,

filtered and concentrated in vacuo. Purification by chromatography on silica (40 x 250
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= 7.8 Hz), 7.21 (2H, AB, JAB= 7.3 Hz), 7.14 (IH, brd, J = 7.8 Hz),
4.13-4.09 (1H, m, 3.98 (2H, s), 3.86-3.82 (1H, m, 3.76-3.72 (1H, m, 3.40
(1H, ABXY, JAB = 13.3 Hz, .7Ax = JAY = 6.5 HZ), 2.97 (1H, ABXY, JAB = 13.5
Hz, JBX = JBY = 8.7 Hz), 2.71 (2H, brs), 1.29 (9H, s). HRVS calcd for
C271133N304( M+H) :  464. 2544. Found: 464.2538. 20 Part B - Preparation of
2-([2-(1[ N-({4424(2R) - 2- am no- 3- ( 2-

napht hyl)propammkﬁgh@ﬂe.éa(oenﬁltohﬁunnhﬁwi}r nepmanbateyldarithyl ) {2-

[ bi s(car boxynet hyDam nol et q\é@am no)-ethyl|i car bo rret h pam n‘;o_%?a_}'yetl c acid,

trifl uor oacet hexapes{EIOAg) affor @ﬂ%‘l—i‘s@ cplodepsiog (K F‘S‘Pﬂlﬂ GeH  25A

sol ution of 23y{irs{chdi §0M#z§t6763 (2H, AA’BB’, Jsp = 83Hz JM =1. 9Hz),736-
but ypoxycar bonyl | met hyl } am no) et hgngglr anm no}acet i

74181gnol ), Hoﬁ's@'f(ﬁ@)sf’ TH7gs) 54 463H, shAd (R b[S‘i‘ d&&?“@ﬂﬁ%ﬁwﬁbﬁhes 0 ny,

62.3 gmol ) si nely d) rﬂ}— SWﬁ-ﬁz)\%JFGQ%SBGVLE'MlUl@@heﬂS\M 133.6,1BENEL (19
gL, 110 gm)l) and HBTU The. resul él ng

sol uti on was 4% },rléﬁil’ll2%9t¢§e%6g84‘iﬁgea3% {‘IB-NE‘@KG f?rl%sfﬁiﬂl)lzchn-’tpsld Qessivel y

washed wi th Ogd, M $otigbe acid (3 x 10 nL) and saturated agueous sol utions
of NaHCG3 (3 x 10 nL) and NaCl (10 nL) then dried over MgpSH, filtered and

concentrat ed pgt BaGy&pataBomof/R[@lab@Fiphddy)meéthyiGphet@bnetimedcnbaide f urt her
Spurification in the subsequent deprotection step. The protected

conjugate (62.3 pnol theoretical) was9di ssol ved in dioxane (0.500 nL) then
successively treated with H20 (2 pL)ne’gmtsl (2.00 inrnol; 0.500 m. of a 4
M solution in dioxane) at 22 C. The re iitf*pal e yel | ow sol uti on was
stirred 18 h, during which tinme a heavy white precipitate forned. Upon

conpl ete dépr ot ecméﬂutlmthﬁdﬁf@ﬁl@ﬂﬁ@ﬁé}%ﬂ £ d Afverpolingisr THF é‘topé‘&r}l of N2

d the whit d 10%
VECN (3. 00 ) ot e L R O e L C1 g

col um (21.2 Eu0%0ropwise oeir AGS h; dwingihe agd!adll eheavy Wbm H@CIQB%WE@Q @d¥st ai ni ng
0,19 TEA and 190 120, i P2, ML) L THR TR, BUARYSE eI 2t 20 m

was col | ected and prol
1554. 299 . | 11 ESOH/ES: QMOOG@L)@@MWZQmtBEgz@asésa(twraqsﬂaqane@)sNa@igl@O(ﬂﬂH, brt, J

= 5.7 Hz %é ( aydr: 72 1H,
s), 7.5 0) %5 4 Gé%CBL%H' n'}rms%} ?83 szsﬁ%t&g gl_fhgr%yers se&f‘atgdlr%& zhﬁiu%\ogll Hg ( 8.0
Hz), 7.00 (2HwastBd withBt:O (8 xGOKA), The Q@nb(lmd Etf§} layer@wersﬂm \)vashﬁdwgh(zH s)
(L ABXY, b?ém%rf%%&ﬁ? N 100 T PyRcer MESH Rl i Colgelleg 3
brt, J 5.6 Hz)nvau®Thelcride magial wamﬁm@maznatmhﬁosmbmé%@ mel)(| H,

ﬁgé\{ J JAE)\X =13 ugnﬁ | hg:B%(esTEtéAQ 'ﬁﬁ) man?l p%uét%ﬁltec;ﬂetweeﬂ F0(R500 rkg Jwas 2otRBtelt 2H,

20  and concentrated to an amorphous white powder that was recrystallized from
Et,O/pentane to afford fine colorless needles (1.57 g, 5.54 mmol; 55.6%). Mp 101.0-
103.0 °C. 'H NMR (CDCl;, 300 MHz): & 7.90 (2H, AB, Jap = 8.3 H2), 7.34 (7H, brs),
5.22 (1H, brs), 5.13 (2H, s), 4.40 (2H, brd, J = 6.2 Hz), 2.57 (3H, 5). ’C NMR (DMSO-
ds, 151 MHz): § 197.6, 156.4, 143.9, 136.4, 136.3, 128.7, 128.5, 128.2, 128.1, 127 .4,

25 67.0,44.7,26.6. HRMS caled for C7H;9yNO; (M+H): 284.1281. Found: 284.1280.

Part C — Preparation of Methyl 2-(4-
{[(phepy_lme_t_hgxy)_carbqqylqquq]metl_1y_1}phenyl)gcetate .

MeO,C
NHCbz
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JBX = JAY = JBY = 6.9 Hz). 13C NMR (DVBO- d6, 151 MHz): 8 172.7, 164.6,
164.4, 158.0 (q, J= 32.9 Hz), 136.6, 136.1, 132.9, 132.3, 132.2, 128.7,
128.1, 127.5, 127.4, 127.4, 127.3, 126.2, 125.9, 116.7 (q, J= 297 Hz),

75.7, 54.3, 53.8, 52.2, 51.5, 48.6, 42.1, 2537.0, 33.1. HRMS5 calcd for
C3614- 46N6011 (MtH): 739.3297. Found: 739.32. Exanple 16 2-{7-[ (N { [4-( {
[(I R-1 -(Nnmethoxycarbanoyl)-3 - phenyl propyl]am no } nethyl)phenylj

net hyl } carbanoyl ) Aediinenlof the 4rofudiQf bat 139@ 244, 4.88 mmol) in 3:1

b e e T
(2R) - 2- Am no- NidYehihepgy 4 41 RNV By e@NEKE eIt solution was warmed to 68 °C and
maintained at reflux for 2 h. After cooling to 22 °C, the suspension was filtered through
5 ascintered glass funnel and the filtrate partitioned between Et;0 and H,O (50 mL each)
with transfer to a separatory funnel. The layers separated and the aqueous layer washed
with Et;0 (2 x 50 mL). The combined Et,O layers were dried over MgSOs,, filtered and
concentrated in vacuo to a white solid that was used without further purification in the
subsequent reduction step. 'H NMR (CDCls, 300 MHz): & 7.87-7.80 (5H, m), 7.23 (4H,

10 ), 5.13 (2H, s), 5.04 (iH, brs), 4.36 (2H, brd, J = 5.9 Hz), 3.68 (3H, 5), 3.60 (2H, s).

Part D — Preparation of N-{[4-(2-
hydroxyethyl)phenyl]methyl} (phenylmethoxy)carboxamide

KO
\/\©\,NHCbz

A solution of the product of Part 13C (1.20 g, 3.83 mmol) in dry THF (38.3 mL)
15  was cooled to 0 °C and treated with LiAlH, (3.83 mmol; 3.83 mL of a 1 M solution in
THF) dropwise over 10 min. The resulting solution was stirred 0.25 h at 0 °C to ensure
complete reduction. Excess LiAlH, was consumed by the careful addition of H,O (145
uL). The resulting white suspension was successively treated with 15% aqueous NaOH
(145 pL) and H,0 (435 pL) then stirred for 0.25 h to a fine white slurry. The resulting
20  mixture was filtered through a pad of Celite and concentrated in vacuo. The crude oil
was purified by chromatography on silica using 1:1 hexanes/EtOAc to afford a white
solid (0.670 g, 2.35 mmol; 61.3%). 'H NMR (CDCl;, 600 MHz): § 7.36-7.29 (5H, m),
7.23 2H, AB, Jas = 7.3 Hz), 7.19 (2H, AB, Jas = 7.7 Hz), 5.13 (2H, s), 5.03 (1H, brs),
4,36 (2H, brd, J = 5.5 Hz), 3.84 (2H, t, J= 6.6 Hz), 2.85 (2H, t, /= 6.6 Hz), 1.46 (1H,
25  brs). HRMS calcd for C7H;oNO; (M+Na): 308.1257. Found: 308.1257.

Part E — Preparation of N-({4-[2-(1,3-dioxoisoindolin-2-yloxy)ethyl]phenyl} methyl)-

(phenylmethoxy)carboxamide
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A solution of Boc-DHfe-OH (1.40 g, 5.00 mmol) and HOBt (0.919g, 6.00
rrunol) 5 in dry DMF (25.0 nL) was successively treated with i-Pr2Net (2.09
m., 12.0 nmmol) and HBTU (2.28 g, 6.00 mml) then stirred 0.25 h at 22 C
The resulting solution was treated wth MeONH241Cl1 (0.501 g, 6.00 mml) in
one portion, maintained 0.5 h then partitioned between Et0Ac and 0.1 M HCl
(50 M each) with transfer to a separatory funnel. The | ayers separated and
t he aqueous | ayer Avgsiieel ofitte prddafiAE P42 130 BB001) 1.0Amble2-conbi ned Et 0Ac

haueous Nad - PR eRdioe tibe: AP bl i R L ERmegh 1 o o
concentrated bR HETCUO.5(L)ava¥bBbdled 16 0loCand fdatedOvith DIPAD (A 2XiaxB et/ duhOlA\c) . The

crude net hyl hydroxampte was redi ssolved in dlrgxane $75. 0] % t hen
successi vel y fioayise sichithahtheprangq qolqr finof pyrsists Tappalgyallpw splytiesthus o 100 ol
25.0 nL of sa $5dinkl MsSRdli@R vdimed @92R€) cobentdtied in MAGud 8 dirédtIp Gusfddut i on
was stirred 12.5 h then neutralized with 1.0 M NaOH (100 nL), diluted with
Et 0OAc (100 nipy eimematpgraphy on sidiga vsinge gradient sluberyfremy A et .1 : ppaneBit4c epar at ed
and the aqueous, 4: I i bk The

9 5'193(.51 hegﬁflg rﬁiczgjﬂ%{: ﬁ‘l\@(ﬁler %ﬁqnﬁ%fﬁ%gﬁﬁ w(egb %nﬁ%em&ad

conbi ned Et 0Ac [ayers were ered and concentrated in
vacuo to a cokoncirdmted & 4 whitearysidiinesolid (01384 b 82rmmeknibgrhpBNMR 20 silica
(40 x 210 nm) G093 2 1:9% 6L 7B 24y 736l in 911
CH2C12/ MeQH) . ((?iiz%is,%(a)?%ﬁ%%ﬁ%%f%%ﬁégﬁ%?ngﬁ%g%ﬁ% ﬁrriiié((swésfcol | ect ed and
concentratled (L aE dead- B0 Hand2p kARl & 73 der13(@He39-$ (1H, bre). fftd|
63.3% . ill NMp (OMBQ MER) 7 =& 1303, H,7 99103 1h8u$ 3hkd 6) »
302(1H dd, J:@A& 6.'0ﬁ2é§'§§9§2. 69-2."58&" 5(71'21?—{’3?2,@ﬁli.£gO(F"fmllﬂ‘T'ﬁdddd:,é J= 13.2,
10.1, 6.2, 6. 22xHzN204(MHNg1443.1480Foupd; 4321425. 4 10.0, 7.8, 5.8 Hz). BC NMR
(DMSO-d6, 75 M—lzz:: 8 171.6, 141.8, 128.2, 128.2, 125.7, 63.0, 52.4, 36.8,
31.4. HRVB caP#dFEreparptiometidd2weH) : 209. 1285. Found: 209.1288. Part B -

Preparation o kPRarBo@mydeOmpMeR kDAY adill st OHC
NHAI | oc 5A soFaS??%O&ﬁgghw%h%?ggﬁig%@ﬁnMﬁ? flaB (2. 2183]?%10. O nunol) in dry

CH2A 2 (50.0 L) was treated withQyDRR® i,n periodinane (5.09 g, 12.0
nunol ) inlgne portion at 22 NHCbz

A solution of the product of Part 13E (0.341 g, 0.792 mmol) in 9:1 CHCi;/MeOH

(8.00 mL) was treated with hydrazine hydrate (0.190 mL, 3.92 mmol) in one portion at
22 °C. Within 5 min a white precipitate formed; after 1 h the reaction was complete.
The suspension was filtered through a plug of silica (25 g) then eluted with 9:1

20 CH;Cl/MeOH (750 mL) and concentrated in vacuo to a white solid. The solid was
triturated with Et;O then removed by filtration through a scintered glass funnel. The
filtrate was further treated with HCI (0.8 mmol; 0.2 mL of a 4 M solution in dioxane) and
the resulting precipitate collected, washed with Et;O (10 x 5 mL) and dried to constant
weight in vacuo (0.220 g, 0.653; 82.5%). 'H NMR (DMSO-de, 600 MHz): § 10.94 (2H,

25  brs), 7.78 (1H, brt, J = 5.8 Hz), 7.37-7.28 (5H, m), 7.20 (2H, AB, Jap = 8.4 Hz), 7.18
(2H, AB, Jas = 8.4 Hz), 5.03 (2H, 5), 4.20 (2H, t, /= 6.6 Hz), 4.16 (2H, brd, /= 6.0 Hz),
2.90 (2H, t, J = 6.5 Hz). HRMS caled for Ci7H3oN20; (M+H): 301.1547. Found:
301.1550..

Part G — Preparation of (2R)-N-{2-[4-(aminomethyl)phenyl]ethoxy}-2-[(tert-

30  butoxy)carbonyl-amino]-4-methylpentanamide, trifluoroacetic acid salt
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C. Wthin one mn, rapid dissolution of the oxidant was observed; |eading
to gentle reflux of the reaction mxture. After 5 mn, conplete oxidation
was observed and the resulting suspension diluted with Et20 (50 nmL). The
solids were renoved by filtration 10 through a pad of Celite and the filter
cake exhaustively washed with Et20; final filtrate volume of 500 nlL. The
combined filtrates were concentrated in vacuo to a pale yellow oil then
purified by chronatography on skdica (40 x 265 mmgusing a step gradient
from3:2 -> 2:3 hexanes/ Et OAcMe(/Rf 0.5 nil, he)éjadnes/ Et 0Ac) to afford the
pure product as a colorless ql, {\%,ﬁ '81 mmol ; 98.1% 11-1 NWR (CDC 3,
600 MHz): 8 10.01 (IH, s), 155? 860(2H, AB, JAB = 8.1 Hz), 7.47 (2H, AB, JAB
= 7.9 H), 5.59 (1H, ddt, J = 16.9, 10.7, 5.6 Hz) 5.33 (IH, d, 1= 17.0 Hz),
5.24 (IH, d, J = msdutHﬁ)ofBBC—BQe((DHl (490 mg 0.19768m¢12 i, DMIF (1.06-mLywasl. 5 Hz),

135, 7 1326, RSN e gsn 015G mineh) cha B a0 s 1 3ch
(MrH) 1 220. 096 HEPU 0 rK%Q) 19961fmol A 2PaCt AGer0.531¢ pRIsalutiGwa treated with
(2R) - N- net hoxi)/'1 4- phen

4- -2
enyl oxycar bon eé’FﬁdHﬁ)" {(Bﬁh( H ?EQW‘PDMQ‘?@PBWPaFE‘?ﬁeﬂ’é““WW‘%hI oric
acid salt Ph yag stlrredOSﬁtﬁéhldlﬁxieﬂmvnﬂfﬂ@)h@(zgrrﬂgléﬁa trﬁﬂsfeaaﬂ tca s@ﬁa%tél@' filnhél. g,

0. 850 nunol) and_16B (0.186 g, 0.850 rmg?sl) in {j% % 3861%;1}510 s cool ed
to 0 C then t?fB%mF@d\C\RP'PWM@ﬁB%SS% %th & "ﬁ'ﬁﬁ&‘F‘ 3% rtion.
After 1 h, gl sdphrated Afubdds ol oHNaH@O?@Q{ INﬂDja)ldMSl @ddﬂgtﬁe@dhaemreeactu on

m xture; a dramatic I n¢crease in CgﬂVGI’SI on

serv
treatment pr obBESO-iAEret ARtronessEare it Yagke '3a4P f%“ﬁ& ﬁé@s}ﬁf |“ﬁ‘6‘°'fthe next 2

h, mai nt aipi nﬂlr@xﬁr]puhﬁbdﬁbili![n\/tﬁés@@chﬂ@ﬂﬂe;ﬂ&@&hoﬂ@!épvm entcI ther 4 h total .
reaction time, the, result sol uti gn titioned between FtOAc an
saturat ed aqueous NESEERh ( ateeeéf‘?ﬁ& Wﬁ?’ﬁ“‘g%fﬁf‘ w35 diseygddp MG, ¢ unnel .

The |ayers seppajghErhnd felatéd @it 6096 P 8n LANAT (11D HIEE 66 WMuinbl; b BOL%{ # 0e 50 nl) .
The conbined EtO0Ac | ayers were then dried over MgSH, filtered and

concentrat ed pertiomatdd *€oThe fseniéngmutnensiprovis spogeq Witte hetdie, pRd maintained 1
ch Ot 0 3P 9 b A A3, T i 95: AL ANRLAED Ao e L he

pure product as a ol | vvas then rediss n dry Et20
(100 nl) ahd mwdisbdmenwmiqedﬁ@mmm@ﬁo nite residue 3@ redissdived i 10 NR@§He@i on i n

e ot G0 Vel S BB g U7 AP NELAR PHARh1SnE €18 BRI £F | Nt o ed

gl ass funnel I um por e col 1vely
washed with Eﬂﬂl)mhlblesmg:klz@/dun gradlatmfmnt b5-450 MeCNoleowining®. IfaiTF4 apdiRfer (0. 253

0.564 11, 10. 16
?I H, brs)n e gg%ﬁ’ﬁm‘b‘}% %@é’gg%ﬁgﬁe'&g&ﬁt%?LWFESH'E&Q%%L’% oH, S)AB JAB
8.1 Hz), 7. Mpmuzemommtemwdeﬂ(@z mg, D.128mbRk 758%%). B DMR GDMS@M 600=17. 1,
10 6, 5.4 H Jrrlp 5, 1.5
o 20 5 i G e, 12 s B 13h (lam. s S8 7 Bom ABIRLS, G
(214 m, 3.68 8(13121),,6%1)(,1H3br4,7J=fIlélHZmr3sﬁ)9(212,18® 3.98:2.89 (31, ABX3(823AB(1:H 13.6 He,
dadd. a= 13, 5SS = OBty 38 P fuacied Bl Wil | JrE e bakaty
156. 2, 140. 8, 1330112 m)1®B% 3H, 4.30= @5 H_22®8¢(3H,28J&65112@ HRM&%I@ for1 26. 2,
116. 9, 64. 4, Euﬂ_p ? (EKf%OG%,,‘QSFéJ 43380 f48’50 4. Part D - Preparatlon of

2-(7- [(N-{[4 oxycar am)y) 3- 20

henyl pr opyl 0 —ami
L
bi s(car boxyrremwy)pemnomlamw)yténléwh@yb}me@yl)wbquﬂme'a&slét3 c acid salt Ph

[bis(carboxymethyl)amino]ethyl} amino)-ethyl](carboxymethyl)amino}acetic acid, .

trifluoroacetic acid salt
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ri CO2H F3Cl OH 0 cNCO2H 12F? The product of Part 16C (112 ng, 0.250
nunol) was dissolved in 2:1 MeCNVH20 (5.00 nmlL) and successively treated
with 14.2 mg TPPTS (25.0 prnol; 10 nol 9%, Et2NH 25(129 gL, 1.25 nunol) and
2.8 ng P5:1(0Ac)2 (12.5 pnol; 5 nol %9 at 22 C. Conplete deprotection was
observed within 0.25 h. The resulting anber solution was then |yophilized

to renove all volatile conponents. The solids thus obtained were
redi ssol ved in DMF and successively treatHe,d/W't*EmHCBt (45.9 ng, 0.300
mol ), 2(14710tetraaza4710tr|s{ COM

i -Pr2NEt (105 pL, 0.600 rﬂincﬂ)Hand L 0. 300 nmol ) at 22C. After
0.25 h, 5 conplete acyl at iHh WP OBs&rved; only fPHce anounts of
regi oi someric and dineric products formed. The resulting solution was

partitioned bet \/\/ee‘@ﬁ&nolﬁ\%fgqgiséz(gls [g? L each) with transfer to a

separatory funnel ayers 'ed and the aqueous | ayer washed with
Et OAc (2 x 50bmjd)oxyaanlamﬂ}ﬁéthyl$mmb)ethyll]amso}facmmIaerl (Sﬂalsmwmm ol ) HOBYI NaOH (3

NSOt i1 or 08 P PEaHEN P e d e PR R Oy S el 4P Dl s

used wi t hogt (Motrns}rwd@uﬁdcéds |tl‘é£'tedl Qith hBrzﬁEb(Q@QE?I’HO ;d-amaaa SIBTILO( 1.4t ep.
The protected con ugatPe g& t heoretical) was dissol ved |n d| oxane
o

(2.50 nl) thems @l yCt flheate@dn% selytign was gtired b hytheg dijutegwith BPAC o
2.50 L of a 65%15%&‘&\1(:9&51'\18)1 %Q%@-Wﬁ)l Oth%Rn&c:dT@% 1r0‘3§]&§|a§1& E\ﬂur@l@dle yel I ow

solution was stirred h, durin time a |teHPreC|p|tate

f ormed. Upon @q}'ﬂ?ﬂsé?létl%ﬁﬂi?’é@{)v g’ﬁ‘ loclﬁ@ %IN%FF (léénlv}/é?eé drigtpxradiedRaer a

stream of N2 ﬁﬂaeéﬂﬁcmea&téﬂhw&uee&a s edli wroh wathsdwitdRPfemat ai ning 0.1
% TFA (8.00 nL) then partially purified by HPLC on a Phenonmenex Luna C18

col um (2192 R“@ﬁ@‘lmthﬁﬂﬁgq%mmliﬁeﬁt"{j’r% ent from 0-60% MeCN cont ai ni ng
0.1% TFA and 10% ;ﬁﬁ%fcﬁécte%%mhéaaa CX! 91.%1 ﬂﬁbx@n&[)%%ss&%‘in Glokdnk (@50 22 20

nm was col | ect ed yophi I'r"'zed white powder. Fina urification was
perforned usi m§) thhesucdﬂmwlgabat@bmlrrﬂz(h@dﬂmanmﬂﬂfl (Zﬂ@emmdl %5&}@@9&4%% was

col l ected and I Ai L. ze ovvde %99 . NMR
(et hanol - %%W%M'fx a}Q%ZC ( res"&ﬁ‘g P 3{53@[? “ésoéu b “%'535(?%%’1'?5 I—iﬂqﬂg AB =
8.3 Hz), 7. 31wh1%h ﬁﬁle @Il&alw vﬂ‘itc p&c@ﬁaté B:IrtnedT)Upoﬂa céﬁp(cﬁ:]dl:pro&)t;on{lth&@olétﬂ&ﬂ ABq,
JAB = 13. (?5 g' e T dun T ?g f?{;rg}xd € E%e sa%(i %lissoﬁae%l g%%l brs).
3.25 (811, brf"i‘“’?’f df%e("‘ﬁ‘ﬁ Bey "C‘ﬁi )
(et hanol - d4, cd:ﬁalmhé'll)% T AlGi. lﬂ% NIESN (. Q(nnL}]thEn direddy purified by BRRC®pal4l. 1,
131.7, 130.8, ( 3 o, 65.0,
59.1, 56.2, SEp ?‘BF‘}‘*"]%‘% § So?")% i1 ("b"'r"? m’é’ usipg a%%” ‘Gtriﬁ"j‘d'%‘i’grﬁm% A 320 2.
HAMG cal cd f 0MeCBakibthihih @01 % WFAland V4 H38 2020 kbinial: Thelmai BibBuct 3eﬁxarrpl e 17
eluting at 19 min was collected and lyophilized to a white powder (54.4 mg, 54.5 pmol;
20 79.2%). 'HNMR (DMSO-ds, 600 MHz): § 11.80 (1H, brs), 8.92 (1H, brt, J= 5.7 Hz),
8.28 (2H, brs), 7.24 (2H, AB, Jas = 8.4 Hz), 7.21 (2H, AB, Jag = 8.4 Hz), 4.32 (2H, brd,
J=15.6 Hz), 4.23 (2H, 5), 4.00 (2H, ABXY, Jag = 9.6 Hz, Jax = Jay = 7.0 Hz, Jpx = Jpy
= 6.7 Hz), 3.66 (1H, brs), 3.50 (8H, s), 3.38 (4H, brt, J= 5.7 Hz), 3.05 (4H, brt, J= 5.7
Hz), 2.87 (ZH, ABXY, Jax = Jay = 7.0 Hz, Jpx = Jpy = 6.7 Hz), 1.60-1.50 3H, m), 0.90
25 (3H,d,J=6.1 Hz), 0.88 (3H, d, J= 6.1 Hz). “C NMR (DMSO-ds, 151 MHz): § 172.7,
1165.5,164.6, 158.0 (q,J = 31.8 Hz), 136.8, 136.2, 128.8, 127.4, 116.9 (q, J = 299 Hz),
75.9, 54.3, 53.8, 52.2, 48.9, 48.6, 421, 40.0, 33.4, 23.8, 22.2, 22.0. HRMS calcd for
CaoH4eNgO) (M+H): 655.3297. Found: 655.3291.

o]
[ (t enbut ypoxycar bonyl ] net h)a\) cyc/l\c;&cﬁl )aC| 4 X472 ng, 0.300 nmmol ),
114 1y
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2-(7- {[IN({4-[({( I BR-3-phenyl-1-[N

(phenyl met hoxy) car banoyl j propyl i am no) net hyl j phenyl } net hyl ) car banoyl ] net hyl
)- 1,4,7,10-tetraaza- 4, 10-bi s(car boxynet hyl ) cycl ododecyl )aceti c aci d,
trifluoroacetic acid salt Ph 0 Bn0O-14CO2H r \him F3CACH c_1(N ¢ CO2H CO2H 5

Part A - Preparation of (2R)-2-Am no-4-phenyl-N-(phenyl net hoxy) but anam de
Ph A solution of Boc-DHf e-OH (1.40 g, 5.00 nunol) and HOBt (0.919 g,
6.00 mol ) in dry DMVF (25.0 nL) was sBgg@ssiavely treated with i-Pr2NEt
(2.09 nm., 12.0 mmol) and HBTU (2.28 g, 6.00 nml) then stirred 0.25 h at 22
C. The resulting solution was ZL24{[@at{efR-W2R2-BaiobM2HCI (0. 958 g, 6.00

nunol) in one porti n |nt i ne th L one en Et OAc and
0.1 MHO (50 ni ea@ﬁ)" @MW&F@F‘%‘E"“&“@@B@&% cgrﬁ;@m?y laﬁrl} he | ayers
separ ated and tr[Bls@ﬁwe:@u&tHyaa&ﬁirno}a&@t}eﬁmm)dn’ryl]Eiaﬂ:ésy:(na’ihpk)aﬁﬂnor}rac)etlcEarde conbi ned
Et OAc washgs wer e successively washﬁ Hll &AHO 0.1 M NaCOH and
saturated aqueous Nad (3 x 50 I nL™ ‘é‘lfﬂ%“eﬁ‘“ﬁ‘é Btied over M\gS4, filtered
and 15concentrated in vacuo to a white s Llr.;L(,E{rOH— 0.5in 1:1

hexanes/ Et 0Ac). The crude benzyl hydr oxarra‘te was r edi ssol ved in di oxane
(75.0 nL) then successivel§rtreated with Sr H §%%9 gL, 5.00 nmol) and
HC1 (0.100 nol; 25.0 nL of 4y 0 M § ut:l |ox§ﬁe)° at 22 C. The
resul ting sol ution was St iyl t hen neutra¢z'ﬂzed with 1.0 M NaCH (100
m.), diluted with Et 0Ac (100 CITL) and transferred to 20 a separatory funnel.

The | ayers separated and the_aqueoqus Ia er exhaus shed with Et0Ac
(3 x 50 nth). %?‘ﬁé’c%ﬁﬁaﬁ’@ﬂwgtzﬁkyﬁ 2{gdpa “W’é‘?téyl?}’%f‘@’ﬁi] %’\9@%% Ba, filtered and

concentrat ed bGioXPediSonlyParfin§Id- e Gibbtafintidd, Reffuoriacetip it kdled by
chromat ography on silica (50 X 170 mm using 9:1 CHZC12/ MeOH cont ai ni ng

1.0%Et3N (Itr= 013 in 9: Ph I

‘\ H /\/@/\NHZ FiC” TOH
Bod-rN’YN‘o
ol

10 A solution of Boc-DHfe-OH (55.0 mg, 0.197 mmol) in DMF (1.00 mL) was
successively treated with HOBt (30.0 mg, 0.196 mmol), i-Pr;NEt (51 pL, 0.293 mmol)
and HBTU (75.0 mg, 0.198 mmol) at 22 °C. After 0.25 h, the solution was treated with
the product of Part 13F (55.0 mg, 0.163 mmol} in one portion. The resulting solution
was stirred 0.5 h then diluted with EtOAc (25 mL) and transferred to a separatory funnel.

15  The EtOAc solution was successively washed with 0.1 M citric acid (3 x 30 mL) and
saturated aqueous solutions of NaHCO; (3 x 30 mL) and NaCl (30 mL) then dried over

MgSQ,, filtered and concentrated in vacuo to a colorless oil which was used without
further purification in the subsequent deprotection step.
The crude hydroxamate ester (0.163 mmol theoretical) was dissolved in MeOH

20 (1.00 mL) and treated with 10% Pd on carbon (17.4 mg, 16.3 pmol; 10 mol %) in one

portion at 22 °C. The resulting suspension was sparged with 1 atm H», and maintained 1

h. After purging the vessel with N3, the suspension was filtered through a 0.45 pm

Acrodisk then concentrated in vacuo. The residue was redissqived in1:1 MeICN(HzQ

(3.00 mL) then directly purified by HPLC on a Phenomenex Luna C18 column (212 x
25 250 mm) using a 1%/min gradient from 25-51% MeCN containing 0.1% TFA and 10%

H,0 at 20 mL/min. The main product peak eluting at 17 min was collected and
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CH2C12/ MeOH) . The mai n product el uted between 320-480 nL, was coll ected and
25 concentrated to afford an anorphous white powder (1.19 g, 4.18 mol ;
83.7%. NWR (DVBO d6, 600 MHz): 87.41-7.32 (5H, m), 7.28-7.25 (2H, m,
7.17-7.15 (3H, m, 4.81 (2H, s), 3.02 (1H, dd, J= 7.3, 6.1 Hz), 2.55 (2H,
ABXY, JAB = 13.7 Hz, JAx = hoc = 10.3 HZ, JAY = 5.6 Hz, Jay = 6.2 Hz), 1.78
(1H, ddt, J= 13.2, 10.2, 6.1 Hz), 163(1H dddd, J= 13.1, 10.2, 7.5, 5.6

Hz) . 13C NMR @zéﬁﬁoa%ﬂee%ﬁz&e z%oJngl Jqulz%sﬂ 139 NMR sdqu,ka& 2,
128.1, 125.6, 76.6, 52.4 cal cd for Cl7H IQI2AJ(3

285.1598. FourtH2)xB5. 53l brpapi 1 E?H bFS? 8&&%&{1% o8 = 8.2 Hz), 3 @

(2R) - 4- Phenyl N:{ piyenys (7t BeN9 7. %(414:)“? IPS@FPS?}H m), 708(1H brd J 74Hz
enyl oxycar bon)él ani_no) et hﬁy%lr{ghen Danmi noThut anam d }%z?)r och oric

oy ot P s T S At BB ML A gl oo B ORabie Tt ol BP0 0_ 050
mmol ) and 5682(5@(12}@811)92 59-2%5?1}& m_/)rfps:) 1*7%21!{ ¥in)Me 98968 )0 QIRIKS catdfo£ 00l ed to O

Cthen treated with nunol ) in one portion. After |

h, gl acial Acﬁ%!}b@%@”s@dﬂ) 428574 ﬁ‘%‘él‘izsﬁé@ added to the reaction mxture;
a dramatic in se in conv i.on seryed, The AcOH treatnent process
was t hen repegﬁ% TW%&PPF@)iBF“W 2@#3%@‘“{'}% ‘next 2 h, 15 maintaining

alh |ntervabh$}@tbm@5ylmﬁ$bx9}}mm hm}me@ﬁyq)egrbg}nﬁlmg@l}{n.eactl on tinme, the
resul ting sol lﬁal on, was tﬁa}stl Ay 0'3 bet we Et 0Ac ‘Sg‘ sat ur at.ed .agueous
NaHCO8 (50 ni [RigEagoxymetyaminelethyl ) prging)- @@Bﬁ?f’a@%w PRposaeetip agidy o s

separ at ed 1and tdfhieroacpsieatid sdlayer washed with EtOAc (2 x 50 nlL). The conbi ned
Et OAc | ayers were then dried over MgpSH4, filtered and concentrated in vacuo

to a pale yellow oil. Purification by 20w«chroategr aphy on silica (40 x 250
mm) using 98:2 Et0Ac/ MeOH gfforded the puge rﬂrodu@,n asya colorless oil. The

oi | was then redissolved iA dry Et2 Plat)_apd treadted with MI (4.00
nunol; 1.00 nL of a 4.0 Ms uﬂl ditoxane) & 2C. The resul ti ng

suspension was filtered tHMo h% sci ntered gl as$”Funnel of nedium porosity
and the collected solids exhaustively washed with Et20 then dried in vacuo

to an anor phous ZSAMhﬁ&,dyqy@gp bk{RAR%-9, 0.629 nmol; 66.2%. ill NWR
(DVMSO-d6, 600 MHz): * 12.11 (| s), 10.14 (1H, brs) 9.52 (1H, brs), 7.83

(1H, brt, J= éutzl)wyarbomﬂgleﬂwl?aqueﬁml]wo}avetmmd (71.3me( 49 nmyl), HOBYs" - 7. 33
E ﬁﬂ: aui, 32" (1 B85 g0 agipe hodibysephec il o susddh mpri BUZ0R ™ 0 P
dg, J= 10.15, inI5WIaIZ$ucca4519dy {r&ittd weijh i-PMEX ({4, 7dtp,ma]l)=an3 HBTUIL(19.3 Irligl 504. 20
GRS N RS oA PN PPN EE N T e
m, 2. 05 (1H, aﬂmﬂd:essilvdfy dahdd with 0.1 M citric acid (3 x 10 mL) and saturated aqueous
solutions of NaHCOs (3 x 10 mL) and NaCl (10 mL) then dried over MgSQs,, filtered
and concentrated in vacuo to a colorless oil which was used without further purification
20 in the subsequent deprotection step.
The protected conjugate (42.5 umol theoretical) was dissolved in dioxane (0.500
mkL) then successively treated with H,O (2 pL) and HCI (2.00 mmol; 0.500 mL of a 4 M
solution in dioxane) at 22 °C. The resulting pale yellow solution was stirred 18 h, during
which time a heavy white precipitate formed. Upon complete deprotection, the volatiles
25  were removed under a stream of Nz and the white solid residue redissolved in H;O
‘containing 0.1% TFA and 10% MeCN (3.00 mL) then directly purified by HPLC ona
Phenomenex Luna C18 column (21.2 x 250 mm) using a 1%/min gradient from 7-29%
MeCN containing 0.1% TFA and 10% H;O at 20 mL/min. The main product peak
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-{[N-({4-{({(1R) - 3- phenyl-1- W phenyl net hoxy) car banoyl br opyl

m no) et hyl ] phenyl et hyl ) car banoyl | net hyl }-

1,4,7,10-tetraaza-4, 10- bi s(car boxymet hyl ) cycl ododecyl ) aceti ¢ aci d,
trifluoroacet 'eﬁmﬁ’é:ét%%ﬁiﬁvaf&llaﬁéa&@?}d g t@wwtnnypeﬂdem@w 17, 10002/ 1
The product of Part, 178 (13 rra di ssol ve -1 MeCN H20
(5.00 ni) and399%ée§§NW(PMSr% q,éQPMHZh 5114 7§ (Hﬁbtw%@ @Hgd lb-frn%ﬁz) 10 nol
%, Et2NH (128 342H, bé5, 75000H, d%m' 2.3 7 WA LR 288,12, 2 7i0ung] 7200200 %9 at
22C. Conpl ete de;{)rotbgsztl on was_ observed Z\I;)\Atzf?l%n 0. SJ%R The ‘resu t| ng anber

sol uti on was #¥erkers(-YBEhi7 1B £ & 6=rFSlRle- @I?I?/(ilﬂam)l“e”d%ﬁp‘ﬁﬁse’m

The soli dsst hyg) abtimeas aws e ek esalk ved i /RME7and; sUsChRS S J:)g-;treated
with HOBt (45. } @ 51 s 10%45'?{;331 f"’g /i3

-t
Veér t but ypoxycﬁzbé%lﬂlﬁé’ﬁ%ﬁl‘? @écq)oaéﬁo@slymefm SHELS 04 (ks Prnd 56 100 ol )
- PrONEL (10524 cfh 600cIRL - 0 HBTH. i s9030Ga 1unpb s Aizp20L. A Ler

0.25 h, 20 corrpl ete acyl ation was ob anoun

regi oi soneri c | &AEHIRer iCd\IM%HMﬁ%dﬁfs 6#%2) ’f’H@z %e‘ééiztléﬁé 55 %(qr -61’1 3hds

partitioned bﬁzmwz 5999\0136@d11§3§olﬁ§39 mkoen@c?h%]m@lzt lmstq@.n.ségps; 119), as 0,
separ at ory f unnel ers separa aqueous 3m;‘:er washed with

Et 0Ac (2 *0505%8)53- 8TPn%? éPéAﬁs %det%‘h 3 s3GhriIidS clad foe GaaklesOp. 1 M NaOH (3

X 50 nl) and gty aggglzgaqp@.gﬂsm‘jaﬁbgw X 50 nL each), then dried over 25
MySO4, filtered and concentrated in vacuo to a pale yellow oil that was

used wi thout further purification in Ehgngiiiizsequent deprotection step.
The protected conjugate (0.250 nunol theoretical) was dissolved in di oxane
(2.50 nL) then successively t2-gai(¢wv-@uir(RP2-a@thos)(2and HClI (10.0 nrnol;

2.50 nL of a4 M s onlndlox e resul l e yel |l ow
solution vas st r OB eeReRR SRR b RE e Seat S bRl o Vot e
formed. Upén cor{nb(eiraomﬁgt)aﬁmb]@myl}hﬂnelo)ediya(daﬂﬁsmm)&)amma&dc atidler a
stream of N2 and the white solid I’eﬁl due redi S | ved in H20 containing 0.1

% TFA (8.00 nL) then partially purfPYBFHF on a Phenonenex

HOZC™ "N COM

H cozu 0
e aaadite
HNN 0 COH
0

Part A — Preparation of (2R)-N-{2-[4-(aminomethyl)phenyl]ethoxy}-2-[(tert-

8.7, 6.0 Hz). 13C NVR (DVBO-d6, 151 MHz): 8 163.7, 156.2, 140.8, 140.2,
135.6, 133.7, 130.3, 129.6, 128.8, 128.4(2), 128.3, 128.1, 127.0, 126.1,
116.9, 77.1, 64.4, 56.7, 548.5, 43.4, 31.3, 30.3. Part C - Preparation of
2-(7

a

butoxy)carbonyl-amino]-3-(2-naphthyl)propanamide, trifluoroacetic acid salt

X
BocHN" N 0
o

A solution of Boc-DNal-OH (62.0 mg, 0.197 mmol) in DMF (1.00 mL) was
successively treated with HOBt (30.0 mg, 0.196 mmol), i-PrNEt (51 uL, 0.293 mmol)
and HBTU (75.0 mg, 0.198 mmol) at 22 °C. After 0,25 h, the solution was treated with
the product of Part 13F {55.0 mg, 0.163 mmol) in one portion. The resulting solution

20

25  was stirred 0.5 h then diluted with EtOAc (25 mL) and transferred to a separatory funnel.
The EtOAc solution was successively washed with 0.1 M citric acid (3 x 30 mL) and
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5 Luna C18 colum (21.2 x 250 mm using a 2% m n gradient from 0-60% MCN
containing 0.1% TFA and 10% H20 at 20 niL/m n. The mai n product peak eluting
at 21 min was collected and |yophilized to a white powder. Final
purification was perfornmed using the identical columm and nethod. The main
product peak was collected and | yophilized to a white powder (0.110 g, 97.3
unol ; 38.9% . 11-1 NWR (et hanol -d4, 600 10MHz): 8 7.50 - 7.48 (211,|ﬁ,

Zlﬁ 2 - 7.35 (&bhrated aquZou3€01ut1&s 3f)1\lﬂ-l¢ggH(l3)xA%BOM&nd NZCP30 (ml) then djicd c7ve£ 1 -

712, '
= 15.4 Hz), §8 %&er@i@f cogi;ntrate @Clﬁz‘? ag%lo%eéfs tn-}ﬁll-n.\cblwgi us)etéwggo 1H d d,
at=8.5 51 fﬂlther plri BeatioBH, th@iuﬁéequ&t SprdBrionbeg) | 2.63 (211, ABXY, JAB =

NVR (et anol - 04, 18 sakeyckoismas it (161 g betead b isoipd il G0m 1y o

141.1, 13649, 110761n%Fan4§Qat§twaﬁﬁﬂ%Pd d3&bon (129, 16L2,Qm8| 1@.%91 9%)inbR9. 4,
127.7, 118. % Hz), 79.3, 59.3, 56.1, 55. r) 55 0(er

51. 4(br), 51 p_omomat@2 °@ 3T reyfting SUSHRIEDICHAS SPRTESSr Wikl
790. 4134. Foup. ﬁ %11@ ﬁff&f%&a&& A1 hts &Hﬂ%%rﬁ 1E&%B)ve%mammer 2- (N-
Iet ;1 p é% F

nethoxycarbanDy met hyl ) car banoyl | met h K 10-tetraaza-7,
10- bi s( car bom;tateg ﬂvlv}easg@hthdﬁd@cmwtqnovaaﬁltﬁe thrgug l@ﬁémcrredlﬁ@hw sal t

e (0,9, bt AT FRGCIG AR Py tlochn @eper oL o
aci d, tri 10 uodicetepurdiedby HHPEE|on a Phenomenex Luna C18 coiumn (21 x 250 mm) using a

1%/min gradient from 25-51% MeCN containing 0.1% TFA and 10% H,O at 20

mL/min. The main product peak eluting at 18 min was collected and lyophilized to a

white powder (60.8 mg, 0.105 mmol; 64.5%). "H NMR (DMSQ-ds, 600 MHz): § 11.14

(1H, brs), 8.11 (2H, brs), 7.85 (1H, d, J= 7.3 Hz), 7.82 (1H, d, /= 8.4 Hz), 7.80 (1H, d,

15 J=7.6Hz),7.71 (1H,s), 7.48-7.44 (2H, m), 7.41 (1H, d, J= 8.1 Hz), 7.33 (ZH, AB, Jas
=7.8 Hz), 7.21 (2H, AB, Jag= 7.3 Hz), 7.14 (1H, brd, J = 7.8 Hz), 4.13-4.09 (1H, m),
3.98 (2H, s), 3.86-3.82 (1H, m), 3.76-3.72 (1H, m), 3.40 (1H, ABXY, Jag = 13.3 Hz, Jax
= Jay = 6.5 Hz), 2.97 (1H, ABXY, Jag = 13.5 Hz, Jpx = Jay = 8.7 Hz), 2.71 (2H, brs),
1.29 (9H, s). HRMS calcd for C27H33N304 (M+H): 464.2544. Found: 464.2538.

20 Part B — Preparation of 2-{[2-({{N-({4-[2-((2R)-2-amino-3-(2-
naphthyl)propanoylaminooxy)-ethyl]phenyl}methyl)carbamoyl]methyl} {2-
[bis(carboxymethyl)aminolethyt }amino)-ethyl](carboxymethyl)amino}acetic acid,
trifluoroacetic acid salt

HOLC” ™ N"~COH

o ‘) CoH O
NJ\/”V"“N" r-'gc’u\on
HE H L
N O COMH
0

25 A solution of 2-{bis[2-(bis{[(tert-
butyl)oxycarbonyl]methyl}amino)ethyl]amino}acetic acid-(46.:2 mg;, 74:8-pmol), HOBt -
(11.5 mg, 75.1 pmol) and the product of Part 15A (36.0 mg, 62.3 pmol) in dry DMF
(2.00 mL) was successively treated with i-PrNEt (19 pL, 110 pmol} and HBTU (28.4
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HH2 NHBocF3C COH

(2R)-2-[ (tert-Butoxy)carbonyl am no] - 3- (4- cyanoPhenyl) propanoi ¢ acid (0.581
g, 2.00 mml) was dissolved in a solution of 28% aqueous. NH3 in MeOH (1:2
viv, 24 nmL), then carefully treated with 0.6 g Raney N 2800 under a N2

at nosphere. Using a 5Parr apparatus, the headspace of the 250 nL reaction
vessel was repeatedly sparged with H2, then pressurized to 50 psi and

shaken 4 h at 024G ernpa zﬁ@@p*rﬁéx%smvssruabpﬂas dited NaartaRAGEd was ERYAcUat ed
t hen repeat edTny sparq?e with resulting suspension was filtered

through a pad(l§fmigand suscessively weshfeqi Mtbﬂ lé\émnqqm@ xrl@aplpiaphsapsated| )
exhaustivel y Xl@%&ﬁ%’owlén@ o?ﬁﬁJ{éOf@;&t 109Re aﬂfi N%Cﬂ-ﬁlmvtﬂé%ereMr Mgsbj nal wash

volunme. The fittrate 10 was neu ralze W th aci al Ac014 hen dil ut ed
with H20 (100fiiryd and gogsamtrateg)in yacgo treagplarlgsseil wmchﬂa@%@d witguRfurthernal vol ume.

Lyophi | zatgon Hickdng ﬁlglsﬁgséﬂgmm;: ble0Gsh sidpe crude product as a white solid
suitable for Use in %e subsequent coupling step. |If desired, the crude

material may be pliﬂwf})r@@teldyoma@ (623 aurohtinratinabwas dissol\ed dn dioxanafp. 1001, 2 x

250 nm using %mn qr ISRt f. ] 1 TFA and
10% H20 at 20™ ﬁ‘?_%'ﬁ? succefﬂveq ?artledp“r"ogﬂ](?(zﬁg‘iﬁn e: uwi %a2§%r%q%L \of{?/aa?l(\:dol | ect ed
and | yophi | i zeflution irddivkuint)eat D2 oF. OTHereduRting iphle ysldw sblut:Ah Iwasqnmtin&hpcmpng dat a

of this materi onsi stent with hedre orts art,.B
Pr epar at i on Ofvﬁ‘llfh EIIEC ?Flf@_\?’ e “f P@ﬁ)ntaée Qﬁ‘f’?‘fjo 0(1 ﬁgmp te deprotectlon the volatiles
met hoxycan@anwrlaeé:ﬁtwkedl ey $theam of N and the white solid residue redissolved in H,O

20i 4( bar boxy AT CperEAdy e R Prerimpigst b FELG AP sl 1
CO2H NJO (7 ThhdhomerfeoRohaHOR FoBmn(@i1.2 x 250 mnA usiag atl amingkadient from 12-32%
oyei ododecy ) HeERitanaising 01654 S bBHIO B RS TRIMMEE k00 n) ves
successi vel y tla@ata@00 wfird \hasl'dmicteﬁ:bﬁd H(oﬁlﬂhzee t&aemmrpiu)dea@d SEAXC38.2 Antdl; Ny,
0.120 r nm)' ) 54.2%). '"H NMR (DMSO-ds, 600 MHz): § 11.55 (1H, brs), 8.90 (1H, brt, J= 5.7 Hz),
8.47 (2H, brs), 7.90-7.87 (2H, m), 7.84-7.81 (1H, m), 7.72 (1H, 5), 7.50-7.46 (2H, m),
7.38 (1H, brd, /= 8.3 Hz), 7.14 (2H, AB, Jap = 8.0 Hz), 7.00 (2H, AB, Jag = 8.0 H2),
429 (2H, brd, J = 5.5 Hz), 4.23 (2H, ), 3.90 (1H, brs), 3.79 (1H, ABXY, Jag = 10.0 Hz,
Jax =Jay = 7.0 Hz), 3.64 (1H, ABXY, Jas = 10.0 Hz, Jpx = Jay = 6.8 Hz), 3.50 (8H, 5),
20 3.38 (4H, brt, J = 5.6 Hz), 3.22 (1H, ABX, Jas = 13.2 Hz, Jax = 5.6 Hz), 3.16 (1H,
ABX, Jag = 13.2 Hz, Jax = 8.6 Hz), 3.05 (4H, brt, J = 5.7 Hz), 2.56 (2H, ABXY, Jax =
Jex =Jay = Jgy = 6.9 Hz). *C NMR (DMSO-ds, 151 MHz): § 172.7, 164.6, 164.4,
158.0 (g, /= 32.9 Hz), 136.6, 136.1, 132.9, 132.3, 132.2, 128.7, 128.1, 127.5, 127 4,
127.4,127.3, 1262, 125.9, 116.7 (q, J = 297 Hz), 75.7, 54.3, 53.8, 52.2, 51.5, 48.6, 42.1,
25 37.0,33.1. HRMS caled for C3gHasNeOy (M+H): 739.3297. Found: 739.32.

Example 16
2-{7-{(N-{[4-({[(1 R)-1-(N-methoxycarbamoyl}-3-
phenylpropyllamino} methyl)phenyljmethyl} carbamoyl)methyl]-1,4,7,10-tetraaza-4,10-

.- bis(carboxymethyl)cyclododecyl}acetic acid, trifluoroaceticacid salt. ... . .. ..
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25 at 22C. After 0.5 h, the solution was treated with the product of Part
18A (40.8 ng, 0.100 nmmol) and the resulting mxture stirred 0.5 h. The

i nternedi ate conj ugate thus obtained was once again activated with EDC
(22.9 ng, 0.120 nmol ), then stirred 0.5 h before final treatnent with
MeONH2. 11C1 (10.0 ng, 0.120 mml). After 1 h, the resulting m xture was
diluted with EtOAc (100 nL) then transferred to a separatory 5 fiunel and
successively washed with 0.1 M MaCH and sat urated aqueous NaCl (3 x 25 nL
each). The EtOAc sol ution vas ied over MySOH4, filtered and concentrated

in vacuo to a colorless ojl, N susedvvl Pbut further purification in
t he subsequent deprotecti on S eﬁ% conf’ °ﬁga°t“e (0.120 nmol
t heoretical) was dissolved in di oxane ( 4 hen successively
treated with H20 (9 AL) and HCl (4.00 mml n. of a 4 Msolution in

di oxane) at 22C. The resulting pale yell ow ut| on was stirred 14 h,
during which tine a heavy white precipitate forrred Upon conpl ete

deprotection, phi@ -Viebmtdibesf (2RY-S-Anfi®Wafkthtxslaphenabui@amide! N2 and the white
solid residue redissolved in 1120 cont ai ni ng 0.1% TFA (8.00 nL) then

directly purified by HPLC on a Phenonenex Lfina 15 C18 columm (21.2 x 250
mm using a 1% mn gradient fromO0-30% ke containing 0.1% TFA and 1094120
at 20 nmL/mn. The mai n product peak ettt sat 11.5 mn was coll ected and

| yophilized to a white powder (12.8 ng, 23.4 urml 13. 4% [T NWVR

(et hanol -d4, 600 WMHz): 8 7.33 (2H, AB, JAB = é 22 (2H AB, JAB
8.1 Hz), 4 36 (211Asqivtylof§09@H}ﬂsﬂH(bﬂ§; 5@%003@% B(@ﬁwsf‘?ﬁ 087 (3H,

, 3.37 (811;, J m e ,, 7e “ b , d4'f

247- ({N-[ (4-{ (HBFQ)U(Z-'ZQBI ﬁ@ﬁ IEW)GlpméhW%Z%%?}'-cﬁr ﬁ?’rﬁwlﬁﬂﬁqﬁ?wlf'bw&yl ) met hyl i
carbaroy et ulde o k695 316 PSR G bgEodeny ) 2
002H N LI NH 7 phitiftaned b&&@edHEtOAC and 0.1 M HCI (50 ml each) with transfer to a separatory
funnel. The layers separated and the aqueous layer washed with EtOAc (2 x 50 mL).
10  The combined EtOAc washes were successively washed with 0.1 M HCI, 0.1 M NaOH
and saturated aqueous NaCl (3 x 50 mL each) then dried over MgSO,, filtered and
concentrated in vacuo to a white solid (Ry=0.2 in 1:1 hexanes/EtOAc).
The crude methyl hydroxamate was redissolved in dioxane {(75.0 mL) then
successively treated with Et;SiH (799 pL, 5.00 mmol) and HCI (0.100 mol; 25.0 mL of a
15 4.0 M solution in dioxane) at 22 °C. The resulting solution was stirred 12.5 h then
neutralized with 1.0 M NaOH (100 mL), diluted with EtOAc (100 mL) and transferred to
a separatory funnel. The layers separated and the aqueous layer exhaustively washed
with EtQAc (6 x 50 mL). The combined EtOAc layers were dried over MgSO,, filtered
and concentrated in vacuo to a colorless oil that was purified by chromatography on
20  silica (40 x 210 mm) using 9:1 CH>Cl/MeOH containing 1.0% EtN (R;= 0.1 in 9:1
CH;Cl;/MeOH). The main product eluted between 300-420 mL, was collected and
concentrated to afford an amorphous white powder (0.659 g, 3.16 mmol; 63.3%). 'H
- 'NMR (DMSO-ds; 300 MHz): § 7.30-7.14 (5H, m), 3.58 (3H;s), 3.02-(1H; dd;J=7.5; - -
6.0 Hz), 2.69-2.50 (2H, m), 1.80 (1H, dddd, /= 13.2, 10.1, 6.2, 6.2 Hz), 1.64 (1H, dddd,
25 J=134,10.0,7.8, 5.8 Hz). °C NMR (DMSO0-ds, 75 MHz): § 171.6, 141.8, 128.2,
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A sol ution of
2-(1,4,7,10-tetraaza-4,7,10-tris([(iert-butypoxycarbonyl]nethyl)-

cycl ododecypacetic acid (68.7 ng, 0.120 nunol) in dry DMF (1.00 nL) was
successively treated with HOBt (18.4 ng, 0.120 nmol) and EDC (22.9 ny,
0.120 nunol) at 22C. After 0.5 h, the solution was treated with the product
of Part 18A (40.8 ng, 50.100 innol) and the resulting m xture stirred 0.5

h. The interrrntﬁ.zﬁ}g@s.m@jougﬂ 86/8MiS4. PR RISREEd FAE, SNSEOAGAMHY: 203K i2e&t ed Wi th

EDC (22.9 ng, 0.120 mmol ), then stirred 0.5 h before final treatment with
BnONH2FI O ( 1B0wrdigy9-188%20 nmol ). After 1 h, the resulting nixture was

diluted with Et0Ac (100 nL) then transferred.to separ atory .funnel and
successi vel y Rﬁ‘sﬁéc?'%a’faHOID‘.’f]f\"WW'@H’&V‘?@&%HB&O@%'?@j‘gé@ﬂ (3 x 25 10

m. each). The Et OAc sol ution was dr bmwgsm, filtered and

concentrated in vacuo to a colorless o wegh was used wi thout further
purification in the subsequent deprotection step. .o, T r cted

conj ugate ¢0.120 rﬁ‘FRiPt“l“ng}eé’fqu%ﬂo)fP%QB&ﬁ%‘s%llg'ﬁd“q‘?'p’t‘}idﬁ&gﬁéﬁ{(%bgo m.) then
successi vely i §aheebad tWithiHeddMaRindetiodidhe (K9 £,42 Q0ndhidIPin;ond péiflonrde 20f a 4 M

15sol ution in dioxane) at 22C. The resulti rjét; Pal e yell ow sol uti op was
stirred 14 h, “@uWVithig ofmmin rapiddissglutiamohthepiidant yrsabigsyadateadingio e Upon

conpl ete depr Qlage b RlrealtlB niQLAL IAFRPS WK, SorhSI B bRIadbAGRE oBsebied MmO N2 and
the white solid residue redissoived in 1-120 contai ning 0.1% IFA (8.00 niL)

then parti al | jesyting fupregsion dijpadavitEtLO (9nlond he solids warecamoved by fiiraion. 2 x 250
nm) usingig 1%5ﬁgﬂagacﬁai¢eme ot HO ReAlNe MaRicay Waiied ieh 2800 fiddtiftkfe and 10%

H20 at 20 nmL/m n.” The nmai n_product peak eluting at 21 mmwas col | ected and
| yophi | i zed t ¥elamgpd 308 miowkhecompingdfilgigs peric CaRaERiFRtSE VP 13 PRAYHSYng an
i denti cal col e piHTied Y cholnBtograpi¥y dH Jilicd (4Aht BBt mdb @Al B %hrdMReNE&ANt ai ni ng
0. 1% HCO2H and 10% H20 at 20 nL/m n. The main_product peak el uti ng at 14
nmn was col | ed2ed 2a8igxanpeBIAG Ret 05dn & 1 hipxanes BofMgeto affgrdthgppre prgdest ghpk
10.0% . 111 N mnff! 1 . si1hi 7 Hz),
7. 37/? 7.28 (%?‘%‘9@%‘9%1, A’%SM?Q H:ﬁgfkg&gzc)a%ﬁgg%é)(ﬁl@f@(%z?’ JAB):
11.0 Hz), 18. 4786 (2H ABndep = 8.0Biz): 717 (SH4B, Jag=3 4 H2)19159 (BHy ddiyi= 1.9 1913'), 3. 66
- 3.36 (16H, &}, 91— . ~G3l4a8) f50 _ WiH)
686. 3508. Foun H%%%igﬁg}éi%ﬁ?’e’ 5'2@3 (1%‘?%’._5( q[éél(}@z ’[ﬁz(ﬁ?ﬁ)gg%%am no- 4-
met hyl pent anoy Fam héale) rgt(BEH 4 el Hpetthly S Mgt Ry Pi-8(196.3,
[ bi s(car boxy mpidy Pasrh nap gt moh{/b@ﬁ.m)ﬁ@ hesld k£ T ARSI YRATHIN@cet i ¢ aci d,
trifluoroacetic acid ’'salt Me Me"i"-- 'H2NAY O

(M+H): 220.0968. Found: 220.0967.

20  Part C — Preparation of (2R)-N-methoxy-4-phenyl-2-[({4-{(prop-2-
enyloxycarbonylamino)methyl]phenyl jmethyl)amino]butanamide, hydrochloric acid salt

Ph

N
MeO” u
0 NHAlloc

A solution of the product of Parts 16A (0.177 g, 0.850 mmol) and 16B (0.186 g,
0.850 mmol) in dry MeOH (8.50 mL) was cooled to 0 °C then treated with NaCNBH;
25  (0.160 g,2.55 mmol) in one portion. After 1 h, glacial AcOH (0.048 mL, 0.850 mmol)
- was added to the reaction mixture; a dramatic increase-in-conversion was observed.  The -
AcOH treatment process was then repeated two additional times during the next 2 h,

maintaining a 1 h interval between each equivalent, After 4 h total reaction time, the
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(C®2H F3C OH o0 HCO2H Part A - Preparation of

N-({4-[ (1, 3-di oxoi soi ndol i n-2- 5 yl oxy) net hyl ] phenyl

) met hyl ) pr op- 2- enyl oxycar boxam de A sol ution of N hydroxyphthalim de
(3.32 g, 20.3 mmol ), the product of Part 1B (3.00 g, 13.6 nunol), and PPh3
(5.33 g, 20.3 nunol) in dry THF (100 nL) was cooled to O C while stirring
under N2. ADDP (5.13 g, 20.3 mml) was added in one portion and the 10
resul ting yel kgultispioliition Way\pdrtitithed betasdn RO C tughgaerad¢dagecoud NeHEOL (B0 on was

stirred for 23.h then.,heated to 50 C and nt.al ned 5 oling to
22 C, the THE-HE @é‘ﬂ“‘u"r’ﬁl“%f%{é%“é’ﬁ‘&t%%“"eég? %"ué”eﬁ%?“’f’a’f‘tf‘;c:%“edﬁi'% s880 E'20 and
sat ur at ed aquéegersvdshddCat K800 (Ik Sead) Thermmb&&BtOWeyermse vmsdeel with

addi ti onal ed Qv iltered
and concent raPéﬂi'f§60§@G§gFég§W8gr teHL %Vaglr’% 4é pﬁregﬁuo §1 Na@iqsdglb&ow solid
(7.3 g) that vesmasgephydnlsilich (Jowzdoennnpumgﬂlsae&ti)enfMeﬁ)H aféordad blseamue nt
deprotection st 2 25 Part B
_ Preparat | onP Egﬁﬁgcm_a? %QM?Trteésfﬁ:hzl&%y? h%r %lf_ls%(ﬁveid i d&lﬁﬁgoﬁ’? m%%anc(trea?ed

enyl oxycar box aith ¢ k00 mﬂol\"ﬂﬁb hﬂ_eof%OIT(h!eI spludichuintdicodndyar 12 %Dmle 1esg1)mgvas

di ssolved in MeOH (40. Otliﬁtg dr azi ne hydra rrrml) added

in one porti ofUSRES S‘W&?’*"ﬂ@'ﬁf °fr"éeljdf‘i’B<p ?Fé‘?'ﬁ{l% Pfied 0.5 h
then cool ed teol[écl@d btﬂid@mﬁmﬂvasewwieeﬁvuhmm watdvB iintaaio@dn 2mbrphdine wh| te

Funnel "and0t neis pevvise 0788 bt mmalof ks POV IR aBODhERTR 2285 pa
Zghl F:anolr |egc(1m4) , M) 6 (10f, b)Jiotsalyl i, Hes)r 7.83/(1HObrt,Us€6.1 Hz), Mél@r}hyfﬁlgﬂm (ah
A A 5. 810, TH oo O mrst - rEeH s fqfad Al g 089, 4

5.28 (1H, d 328 Ui, 4iqHry wﬁlmi)lﬁwdH,Aq:,sz HB)Hz) 4. B3I2H24, S 55.4, U5 49 (2H,

23211;63233( ié;{éﬁﬁ?)(ﬁ*ézé%%?ﬁﬂ Ejou?‘lgg %?’Rl\g%qg&hér:{gdm Ets)eag?gtl on of

(2R) - 2- [ (tier t ABXQY)E < 83.0Ho) 2 FiJpoE 1.9t yl=JAk 654 f)Rr2dp-216 (1H, m),
enyl oxycarbonyl am 0Pt ayLIPReMY & XELESXBERGE IDRELIS, 151 MHz): 5 1635,
156.2, 140.8, 140.2, 133.7, 130.3, 129.7, 128.4, 128.1, 127.0, 126.2, 116.9, 64.4, 63.6,
56.7,48.6,43.4,31.3,30.4.
Part D — Preparation of 2-{7-[(N-{[4-({[(1R)-1-(N-methoxycarbamoyl)-3-
20  phenylpropyllamino}methyl)phenyl)methyl}carbamoyl)methyl]-1,4,7,10-tetraaza-4,10-

bis(carboxymethyl)cyclododecyl}acetic acid, trifluoroacetic acid salt

0

\((‘/\©\/ co,H FacJLOH
(_ _> D com

co,H

The product of Part 16C (112 mg, 0.250 mmo!) was dissolved in 2:1 MeCN/H,0

(5.00 mL) and successively treated with 14.2 mg TPPTS (25.0 pmol; 10 mol %), Et;NH

25 (129 pL, 1.25 mmol) and 2.8 mg PA(OAc); (12.5 umol; § mol %) at 22 °C. Complete
deprotection was observed within 0.25 h. The resulting amber solution was then

lyophilized to remove all volatile components.
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The product of Part 20B (0.200 g, 0.846 :tuna) was added to N stirring

m xture of 10 Boc-DLeu-CH (254 ng, 1.10 nunol), HOBt (168 ng, 1.10 mol),
HBTU (417 ng, 1.10 mmol), and i-Pr2Net (678 pL, 3.89 nmol) in DMF at 22C
The resulting m xture was stirred overnight then concentrated in vacuo and
t he residue dissolved in EtOAc. The EtOAc solution was successively washed
with 0.1 N HCl, 5% aqueous NaHCO3, and saturated aqueous NaCl then dried
over Na2SO4, fil témedoialsdmobnamed wert edllissolvaddio IMF Fidesuddgssivelydeatedtvithi al was

rified b a P 250 ing a
Dok i g adi eHP5} PSSR RRE? L P Bt 0% fo0 ot 20
m./mn. Pr odubﬁtylmmaabdnyr};gethyla-cyoloﬁmdeqweaceupamd €d2 agd0.pYlophmpl)iiFedNBto a white
Wiy 6 1 1500 LU S d e (1 Ing 3o ity Bt ady AR, PLD 60 0
6.86 (1H, &, dondfletsacklaBottahs obserded; ()ﬂliziracedﬂltoundaffbgmékpmél& &g dbneficHz) , 5. 28

1H, d, J= 16. 4. 73 S 2H, dt,
S 5.4, 1.4 PT?)‘“C‘SZFO’I@“( %Fé‘ea““"i&%’ﬂ%‘?“ was ‘fﬂfﬁi’ b%ﬁee(“% ‘)’"f’ 'gz%%?(
é 80 1) 25 (Rﬁ/lgeréliich) ia?tﬁ?raﬁs@éﬂ,tossapm@toaﬂfuﬁaaﬁ Thk, 1a;am2@p§atb&and tl(ﬁj): e&i:ec(zugg d, =

Hz H cal c or 41 Foun 4

Part D - Prep!ﬂ%ft"fa dd'f“h(%é%‘ ﬁf’f gim%mﬁﬁy‘f )“ﬁﬂ?en%?l%fﬁ%s%{ ?1% tert25
but oxy) car bony R40H (H x 30 WE I cdngndodeNaEiqB ri50 rrdceadh)sméxt drivid ;ovéd
Ei ocHKz Thi Fl M iﬁpﬁ {iﬁ%tsagi‘m Pqut 02t aéi 2!? 1 d “pl&l gﬁt
di ssol ved Pn Ye$0md iilg’@fp coatsat 0 VAR 18 dRiE SN ‘%y f‘r“éaﬁtuse 25.3 gy
TS(P-IC-)i §4214(22ugﬁﬂhérpllﬂﬁmbn%the Eib?disihbx(tiiél;ﬁotpctnonheﬂ.l nunol ), and 5 00 ngy
P C res | n
stirred 0.5 h, F he efpfqt?gerdéza/gjf’#eoéégo Zﬂgoreﬁ%a cr%c?y sg%%nda@!mg]ter(%?
purified by Hmﬁmms@caheﬂ@mwﬂuna) m&mmcmm (12.0 ninol; 2F0mbnod a 411 ng a

1% m n gradi ent from12-37% MeCN containing 0. 1% HCO2H and 0. at 20
nL/ min.  Produsdutopit drxanplpt £4 et T'Eﬁf§s"\’\‘)§'rgé’a%(¥8lll%m<mﬂml"§?6Btﬁ'fq%qﬁ‘ugwgaf ford

a white mygr OWIﬂlﬁk |a'h9ﬁgﬁﬂ1‘l@§fec k3 fdiBled. mﬁiomte,deﬁrfbtezwn thk kblatibR
(DVBO- d6, 600 M) 1H s}, 7.37

6.90 (1H
d, J= 7.9 Hz)wem r%o‘f(eéppdemstw @MBN{‘?HW“&S 501‘53@"61?4155‘%%' = 8.4 I(—|z),

g' 3ﬁ6 gi- 5? (_1Hconﬁml)1g10 3% ’("ﬁf?I 8. @dmL)lthérﬁpalm@@ pﬁﬂf‘bl_dF\l)ﬂ?)HP[JC &bz ﬂheﬁ&nérleid rT) 0. 85

ST 51 28) Dl GEcoRimagat AF 250me veipies 22Aiin graapt rom OGOAGEN [

{ (2R) - 2- Viér t - athAmidg 6 §6BIFAYVAnAMOMOH0 at 20 mL/min. The main product peak eluting at 22
4- et hyl pent angyl am nooxy} net h%/JP phenyl i pet hy|
124

} car banoy et WA ‘Hsgcp lfﬁtgii apfl {yophilized to a whlte powder Final purification was performed
15but ypoxycar Raaythé fiehdtdl dofidd vk etdod! am ﬂaﬁ@mmat)p&{ﬂ( mrcronected and

Cbi L2 (b op BeD o3 oliscemveer Gp e R)E panetAds2on i u fesfaedideee g
(102 my, 0. 16QniHy 744 HHBAB, Jus = 8.3 Hz), 7.41 (2H, AB, Jap = 8.3 Hz), 7.31 - 7.27 (2H, m),
7.20 (3H, m), 4.40 (24, s), 4.16 (2H, ABq, Jap = 13.0 Hz), 3.84 — 3.74 (9H, brm), 3.78
25 (3H,s), 3.35 (8H, brs), 3.25 (8H, brs), 2.72 - 2.62 (2H, m), 2.24 — 2.13 (2H, m). ’C
NMR (methanol-ds, 151 MHz): 8 165.7, 163.0 (q, Jer = 34.6 Hz), 142.0, 141.1, 131.7,
130.8, 129.9, 129.8, 129.4, 127.8, 118.3 (q, Jcr = 293 Hz), 65.0, 59.1, 56.2, 55.6(br),
55.1(br), 51.5(br), 51.1, 51.0(br) 44.0, 33.5, 32.2. HRMS calcd for CasHsiN;Og (M+H):
714.3821. Found: 714.3819.

30 | Example 17
2-(7-{[N-({4-[({(1 R)-3-phenyl-1-{N-
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20 (22.4 ng, 0.166 mml) and the product of Part 20D (55.0 ng, 0.150 nunol)
in dry DM (2.00 nmL) was successively treated with i-Pr2NEt (115 ulL, 0.662
mol ) and HBTU (63.0 ng, 0.166 mmol) at 22C. The resulting solution was
stirred 18 h then heated to 50 C and maintained 0.5 h. After cooling to 22
C, all volatiles were renoved in vacuo and the residue redissolved in

Et OAc. The EtOAc sol ution was successively washed 25 with 0.1 N HC1,

sat ur at ed aquepkylarthoky)earanadyl)dopdCBnina)ncttyElienylhmathgl)daddmoyigmethd PSO4,
filtered and co rated Ji.n.vacuo to I el [T o} . used

W thout f urt her pirieFreaty SP e SnBE R Sl Bty i R
966.0 (100, M+H), 433.6 (60). Part F - sBteparation of 2-
([2-({[N({4-[((2R) - 2- am no- 4- net hyl pent anoyl am nooxy) net hyl ] phenyl

} met hyl ) car banoyl ) met hyl ) {2- F*

[ bi s(car boxynmet hyDam noj et hy } @m no) et hyl | i car boxymet ByDam no} aceti c aci d,
trifluoroacetic acid saltewoMy ™n e pro rc%"? PQEJLOQ,OE (0. 150 =not

t heoretical) was dissolved i rPS:Hz\@L@kﬁS 2 '(*%00 m.) at 22 C then stirred
overni ght. Upon conpl ete deptrotection, Q_Nvo.hglcb:lﬁes were renoved in vacuo
and the reisdue purified by HPLC on a Phengh‘&nbx Luna C18 colum (21.2 x
250 mm using a 2% m n gradient from 0-30%%CN 10 containing 0.1% TFA and
10% H20 at 20 nml/m n. Product-containing fractions were pool ed and

| yophi | i ze8 t BarbAf-Jireparatiopf(@R)3-dmiee--shenyl-NVripheppigdox)BBagmids 86. 5 gnol ;
57.7% . NVR (DVSO-d6, 600 MHz) 8 11.76 (1H, iDs), 8.97 (1H, t, J = 5.7 Hz),
8.25 (3H, brs), 7.35 (4H, ABg, JAB = 8.1 f 4.82 (2H, s), 4.37 (2H, d, .1
= 5.7 Hz), 4.27 (2H, s), 3.50 (9H, brs) I?.38 (4H, t, J=5.6 Hz), 3.06 (4H,
t, J =5.8 Hz), 1.54-1.47 (3H, 15rr),03."¢8E » d, J = 5.5 Hz). 13C NW\R
(DMBO-do, 151 MHz): 8 172.5, 165.4, 164.8, 138.5, 134.0, 128.8, 127.0,

76.7, 54.1, 53.6, 52,0, 48,7, - , . ghcd for
C281144N6011 ( l\/HrH)“:? aihiond ple oy (o f) 53@6’3"1&%#%?%@]?% E%ﬁ’ N (
(4-[ ((2R) - 2- airi dnpDBIR (25.0 mL) was successively treated with i-Pr,NEt (2.09 mL, 12.0 mmol) and
20napht hyl ) pr o) m X%E t hyl. I LAYpgar bamoyl } {2-
[ bi s(car boxyrrg{éﬁgl #éﬁ\g’n‘g‘?oce) H??&)é{\%%)dgf% %t?gagbgﬁxf/rﬁe%%%ﬁ% gécet ic acid,
trifluoroaget irgatctGiith B NH,eHOD@X6E £06.00 ARDY ifr3keldrion, maintained 0.5 h then

partitioned between EtOAc and 0.1 M HCI (50 m} each) with transfer to a separatory

funnel. The layers separated and the aqueous layer washed with EtOAc (2 x 50 mL).

The combined EtOAc washes were successively washed with 0.1 M HC], 0.1 M NaOH

and saturated aqueous NaCl (3 x 50 mL each) then dried over MgSOs,, filtered and

15 concentrated in vacuo to a white solid (Re= 0.5 in 1:1 hexanes/EtOAc).
The crude benzyl hydroxamate was redissolved in dioxane (75.0 mL) then

successively treated with Et;SiH (799 pL, 5.00 mmol) and HCI (0.100 mol; 25.0 mL of a
4.0 M solution in dioxane) at 22 °C. The resulting solution was stirred 12.5 h then
neutratized with 1.0 M NaOH (100 mL), diluted with EtOAc (100 mL) and transferred to

20  aseparatory funnel. The layers separated and the aqueous layer exhaustively washed
with EtOAc (3 x 50 mL). The combined EtOAc layers were dried over MgSOy, filtered
and concentrated in vacuo to a colorless oil that was purified by chromatography on

" silica (50 X 170 mm) using 9:1 CH,Cl/MeOH containing 1.0% Et;N (Rr=0.3 in 9:1

CH,Cl,/MeOR). The main product eluted between 320-480 mL, was collected and

25  concentrated to afford an amorphous white powder (1.19 g, 4.18 mmol; 83.7%). 'H
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Part A - Preparation of

(R -Alyl4-(9, 9-di net hyl- 5- (napht hal en-2-yl met hyl ) - 4, 7- di oxo02, 8- di oxa- 3, 6-d
i azadecyl ) benzyl car bamat e Prepared as described in Part 20C, using
Boc-DNal - OH (126 ng, 0.235 nunol; 5 27.8% . |FINWVR (DMSO d6, 600 MHz): 5
11.20 (IH, s), 7.86 (1H, d, 1=8.3 Hz), 7.81 (2H, t, 1= 7.2 Hz), 7.75 (1H,
t, J= 5.7 Hz), 7.71 (1H, s), 7.44-7.50 (2H, m, 7.41 (1H, d, J= 8.6 Hz),
7.22 (4H, ABqQNMRABDMSS-d}, cola MHZJ- D4 1-1BR (3H, m)~7.88-22HZH, HB,EIL'IU&(BH gid, J =

17.4, 10.7, 5. 7 (1 3 Hz
4.62 (2H, ABq,“%béHm &§93EH§]53’4’433(%MH1¥12§5|@§*@311 137?5 P"'a )
|(_|529?—I 4) 111géH|,1\loABz . JayAB .4 Hz,Js 9 62 H)HZ)8 (18, mJ(—ZHZABz @AHZ);173381H-IZ) 1.29
, S). 5 : ! , 135.4,
133 70 132.5, 94815 D15 73r20 A o IR ydsore ol e by P o
ggHg,SNéégs? 17631,028.76.25.2, ﬁn1312563755,3234,56.93371,4?,Hm3ta10d-|m/5116aﬂ‘b@zfor
-~ 18. Fo apD6. 2410. Part B - Preparation of
(2R) - N-([ 4- (nghégﬁy%% %8_ r?gfkgltsl‘%Xy}-Z-Rtertleut oxy) car bonyl am no] - 3- (2
-napht hyl) pr OB3 n%m g‘eparaftlglg ot &Rﬁ&-bﬂen%ﬁll\’t(phenylmethoxy)-2-[({4-[(pr0p-2-
enyloxycarbonylamino)methyl]phenyl }methyl)amino]butanamide, hydrochloric acid salt
Ph

N
BnO” u
0 NHAltoc

10 A solution of the product of Parts 17A (0.270 g, 0.950 mmol) and 16B (0.208 g,
0.950 mmol) in dry MeOH (8.50 mL) was cooled to 0 °C then treated with NaCNBH;
(0.179 g, 2.85 mmol) in one portion. After 1 h, glacial AcOH (0.054 mL, 0.950 mmol)
was added to the reaction mixture; a dramatic increase in conversion was observed. The
AcOH treatment process was then repeated two additional times during the next 2 h,

15  maintaining a 1 h interval between each equivalent. After 4 h total reaction time, the
resulting solution was partitioned between EtOAc and saturated aqueous NaHCO; (50
mL each) with transfer to a separatory funnel. The layers separated and the aqueous
layer washed with EtOAc (2 x 50 mL). The combined EtOAc layers were then dried
over MgSOy, filtered and concentrated in vacuo to a pale yellow oil. Purification by

20 chromatography on silica (40 x 250 mm) using 98:2 EtOAc/MeOH afforded the pure
product as a colorless oil. The oil was then redissolved in dry Et;0 (100 mL) and treated
with HCI (4.00 mmol; 1.00 mL of a 4.0 M solution in dioxane) at 22 °C. The resuiting
suspension was filtered through a scintered glass funnel of medium porosity and the
collected solids exhaustively washed with Et;O then dried in vacuo to an amorphous

25  white powder (0.330 g, 0.629 mmol; 66.2%). 'H NMR (DMSO0-ds, 600 MHz): § 12.11
(1H, s), 10.14 (1H, brs), 9.52 (1H, brs), 7.83 (1H, brt, J= 6.1 Hz), 7.49 - 7.44 (4H, m),

-7.40 - 7.37(2H, m), 7.36 — 7.33(1H, m), 7.30 — 7.27 (4H, m), 7.21 - 7.18 (1H, m), 714 -
- 7.12 (2H, m), 5.92 (1H, ddt, J= 17.2, 10.6, 5.4 Hz), 5.29 (1H, dq, /= 17.2, 1.7 Hz),
5.18 (1H, dq, J=10.5, 1.5 Hz), 4.94 (2H, 5), 4.49 (2H, dt, /= 5.4, 1.5 H2), 4.20 2H, d,J
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Prepared as described in Part 20D (69.0 ng, 0.139 nunol; 60.3% . 1HNMR
(DVSO-d6, 600 MHz): 88.33 (1H, s), 7.86 (1H, d,J= 7.8 Hz), 7.82 (1H, t,
1=8.3 Hz), 7.72 (1H, s), 7.44-7.50(211, n), 7.42 (1H d, .1 = 8.2Hz), 7.31
(41-1, ABg, JAB = 7.9 Hz), 207.12 (1H, d,J= 7.1 Hz), 4.62(21-i, ABg, JAB =
10.8 Hz), 4.12 (1H, m), 3.82 (2H, s), 2.91-3.06 (2H, m, 1.29 (9H, s).

T Co- TN (1o s TR B b G Son 2R Pl H Y. 1 e

3- (2-napht hyl )f&rﬂmﬂykﬁﬂ*ﬂwﬂ BB, yl7)shAny ] ag ey i abdq usyisjaret. hy| | [ 2-

but Y1) oxycar bbriytd RE Toh N Ger o bR MAEaR Db b Prr ¢ 20

LAVS: 1050.0 {300,130/;HR9.65128.8812881Q2), 12875 128.(,42).0, IRant 118.9, 7P1,&aak sd.7,0n of
2{[ 2- ({[N— {4- %gﬁ%lﬁ) ﬁ gm no-3-(2- 5
nght hyl ) p opé prp %y 29) met hyl ] pheny! } net hyI ) car bamoyl i met hyl }{2-

I s(ear boxy th am no}acetic acid,
trifl uoroace{TF ém (ﬂep?ﬁ ?“Qflyz é%l’?ﬁ‘?g d??é 5“’ \ide F3>C/£C]-I P% epared as
described in &&Eﬁy]xﬁ&ﬁm{yﬁﬁrh@mﬁﬂ]pr@ﬁ(lMnol)tﬂélhyl]pﬁh&y%elhybwﬂb&mbﬂ]@%[}- 46, 300

Miz): 8 11.62 I,Q}H’O-tgt}ahza%-l, ?(?-big(%al}lbo:})/meﬂgl)gyc?odlc_)%gcyl)a%étlilcllac{d? Eiﬂugrro%ée’tic Zéig 2-

salt

0
7(( /O\,H \/\N COEH F;CJLOH
f?N\JQ/cozn
10 COzH
The product of Part 178 (131 mg, 0.250 mmol) was dissolved in 2:1 MeCN/H,0
(5.00 mL) and successively treated with 14.2 mg TPPTS (25.0 pmol; 10 mol %), Et2NH
(129 uL, 1.25 mmol) and 2.8 mg Pd(OAc); (12.5 umol; 5 mol %) at 22 °C. Complete
deprotection was observed within 0.25 h. The resulting amber solution was then
15 lyophilized to remove all volatile components.
The solids thus obtained were redissolved in DMF and successively treated with
HOBt (45.9 mg, 0.300 mmol), 2-(1,4,7,10-tetraaza-4,7,10-tris{ [{tert-
butyl)oxycarbonyl]methyl}-cyclododecyl)acetic acid (172 mg, 0.300 mmol), i-ProNEt
(105 pL, 0.600 mmol) and HBTU (114 mg, 0.300 mmol) at 22 °C. After 0.25 h,
20  complete acylation was observed; only trace amounts of regioisomeric and dimeric
products formed. The resulting solution was partitioned between EtOAc and HxO (50
mL each) with transfer to a separatory funnel. The layers separated and the aqueous
layer washed with EtQAc (2 x 50 mL). The EtOAc solution was further washed with 0.1
M NaOH (3 x 50 mL) and saturated aqueous NaCl (3 x 50 mL each), then dried over
25  MgSO,, filtered and concentrated in vacuo to a pale yellow oil that was used without
further purification in the subsequent deprotection step.
The protected conjugate (0.250 mmol theoretical) was dissolved in dioxane (2.50

mL) then successively treated with H,O (23 pL) and HCI1 (10.0 mmol; 2.50 mL of a4 M
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7.95 (3H, m, 7.74 (1H, s), 7.56-7.47 (2H, m, 7.
7.17 (4H, ABq JAB = 8.1 Hz), 4.55 (2H, AB, JAB = 11.0 Hz), 4.33 (2H, d, .1
=57 Hz), 4.26 (2H, s), 3.83- 3.94 (1H m, 3.51 (8H, s), 3.39 (4H t, J=
5.1 Hz), 3.18 (2H, d, J=7.2 Hz), 3.06 (4H, t, J= 4.9 Hz). 13C NWR
(DWVS0-46, 151 MHz): 5172.7, 164.8, 164.7, 138.7, 134.1, 15132.9, 132.3,
132.2, 128.9, 128.2, 128.1, 127.6, 127.5, 127.4, 127.2, 126. g 125. 9,
113.8, 77.0, sutipnimdoxpne)ss 22°C.slhegesuliingale ppllpy solytion Webitired 31 bAixigs 11
(MrH) : 725. 3144ien F%Hgﬂcav;%tgﬂyégl .tﬁéﬁﬂﬁé@ Upbn2omplete deprotectmn the volatiles
([2-({[N-({44((2R) - 2-am no- 3- pheny IB anoyl am noox % (S)henyl

} et hypcar b aanqrmm?pqdq Qstream of N3 and ite solid residue red olved i

[ bii(car bOXVW@éM@R@@ noJ ﬁﬂhg}d doaﬁlmérgsah&h%ﬁmwﬂim Meh@s@kk C acid,

trifluoroacetic acid salt epar at i on of

(2R) - 2- [ (t &r t LB @8epmnkdhy k 258 ﬁsq)ug%ﬁ%ﬁwm gradient ffqp P62 MeCN

enyl oxycar bonxérﬁam;s%d P33tk dn N EAMLDR LB YhiR! qaaﬁamgf paa@dmwg@fw | oc
i

37 (1H, d, J= 8.8 Hz),
1

5Prepared as described in Part 20 usi hg Boc- qPhe- mg 82 rrm)l;
21. 5% 1H NVRIF mrsollested apd byophipized tea Wit ppwdey Final pu ‘%0"(‘15151 "tf"'?j“‘"

Hz), 7.32- 7. lﬁn tﬁ?‘idemcai CB]L\Q(gl &é%ﬂethod Q‘Eeﬁalﬁ Hﬂhct péak%s(c&lleﬁteddddi J= 17 5
10. 5, 5 4Hz), 5. 65 (2|-|

ABgq, JAs = 101ypp}p|h§ed tm,a wgleez}qwdgr (o JlO—g,§7§ ;Hzgl 3849%1)9 HWR@ngthan@?éq p&g
1H, ABg, ,dABy\i HRMS eal cd for
EZ2611332l3 é 72%%(2?@ 78125%%%‘26@1@% 323({ gr Iéﬁ{apllrzastl on @ﬁ

(2R) - N-([ 4- (am),rﬁ;?te{hy’b(dHemyWI lﬁe{m@){ ), [%%é?&lbtﬁ@%;@cafwﬂwéﬂ{%] 3- phen

Sob (har o . ABeni -isaHal 58l er, MG Ag Tl o T AR ARy dﬁw‘“j’@@' e
(111, s), 7. 35 S(ﬁlﬂz),AB@](Sl’llAB) 3 3 (8HHbry), 2.3 Q0L ABKY, Vs 15§ Hz, Jax JBx =
10.0 Hz, Jay = Jay = 7.1 Hz) 2.17 - 2.03 (2H, m) . *C NMR (methanol-ds, 151 MHz): &
15 165.6, 162.93 (q, Jor = 34.7 Hz2), 141.9, 141.1, 136.9, 131.7, 130.8, 130.5, 130.1, 129.8,
129.8, 129.7, 129.4, 127.7, 118.3 (q, Jer = 293 Hz), 79.3, 59.3, 56.1, 55.3(br), 55.0(br),
51.4(br), 51.1,44.0, 33.5, 32.1. HRMS caled for C4;HssN7Og (M+H): 790.4134.
Found: 790.4129.

Example 18
20 2-(4-{[N-({4-[(2R)-2-amino-2-(N-
methoxycarbamoy!)ethyl]phenyl} methyl)carbamoyl]methyl}-1,4,7,10-tetraaza-7,10-
bis(carboxymethyl)cyclododecyl)acetic acid, trifluoroacetic acid salt

COM

{
N o~
o (‘ N COzH
NJI\/N N-j
H \ i
H HO,C FiC” "OH

Me0” NH;
o]

Part A- Preparatlon of (2R) 3-[4- (Ammomethyl)phenyl] 2 [(tert-butoxy)carbonyl-

25 ammo]propanmc acid, tr1ﬂu0roacet1c ac:d salt
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7.03 (1H, d, J= 8.4 Hz), 4.66 (211, ABg, JAB = 10.6 Hz), 3.98-4.04 (1H, m,
3.83 (211, s), 2.85 (1H, dd, J= 13.7, 5.8 Hz), 2.78 (11-1, dd, J= 13.4, 9.5
Hz), 1.32 (91-1, s). LCMS: 400.5 (100, M+H). Part C - Preparation of
tert-Butyl 2-[(2-{[(N-{ [4-( RR)-2-[(tert-butoxy)carbonyl am no] 20

3- phenyl propanoyl ani nooxy} met hypphenyl | met hyl } car banoyf | met hyl ] [ 2- (bi s(\Wenb
ut ypoxycar bonyl i net hyl }am no) et hyl | am no)ethyl){ [(tert-

but ypoxycar bonyl ] met hyl } am no] acet at PMépared as described in Part 20E.
LRVS: 1000.0 (100, M+H). Part 1)- PrratlonEf
2-([2-({[N-({4-[ ((2R) - 2- ami no- 3- "o~ “nugoc FsC

phenyl propanoyl am nooxy) net hyl | phefyl } met hypcar bam)yl | met hyl) (2-

5[ bi s( car boxynet hg%ng g{gh@é,}g@é&@ﬁ;\oﬁ)ﬂm&w& kd-&RREMY dgwmcmbﬁsegl c acid,

trifluoroacetic a | com Ho2c, N. co q—i
Prepared as d28@miroBavas dissedved ipomlytinn 0623 aqusouspN HﬁﬂM‘*@é(VB H R

(DVBO-d6, 300 ;0 ) n 3H,
brs), 7.38- 1 n(:grkfaiih@gatéd]wwth(?%Elene%g\,lQSbbuﬂ_deiaéﬁzgéﬂgsﬂﬂéﬁ Iélgi gH( A

5.6 Hz), 4527Pa(rm,parsyas tig: Igadspageof fip 258 mi reqctipn vessel was repeatedly spargediwigll ¢ 1y

3.06 (4H, t, AR 151
Miz): 8 172, 7' Z’iléeﬂgﬁfl—z‘)i‘%ﬁg%f%kg }g]ié‘fh?ﬁz%sgszo%%u 1@%@1 ey 6,
127.3, 77.0. Behd@ace5@s@yachePtherbepaedsgspRreedipitgN:. 3EhegesulinpmIsesiision Was

C31H421\ 1601 1fpﬂ+%oﬂg? %Pa%B 09?61!3:9{!'(11&# ﬁﬁaj ﬁls réa@ﬁ%kﬁ e@rﬁustwely

2-(7-{[N-({4- ent anoyl am nooxy) net hyl ] pheny |
met hyl ) car banegshed witiesrhal] portiadns 4f I} M;Cﬁ\éﬂz{adg mL final wash volume.” The filtrate

4, 10- bi s(qgr boxynet vl ) Gyg bRdAJEOH 3 e &l 16 (do MO piriqyaci d sal t
concentrated in vacuo; 175 mL final volume. Lyophilzation of this solution provided the
crude product as a white solid suitable for use in the subsequent coupling step. if
desired, the crude material may be purified by HPLC on a Phenomenex Luna C18
column (21.2 x 250 mm) using a 1%/min gradient from 0-40% MeCN containing 0.1%

15 TFA and 10% H,0 at 20 mL/min. The main product peak eluting at 24 min was
collected and lyophilized to a white microcrystalline solid. All spectroscopic data of this
material was consistent with published reports.

Part B — Preparation of 2-(4-{[N-({4-[(2R)-2-amino-2-(N-
methoxycarbamoyl)ethyl}pheny!} methyl)carbamoyljmethyl}-1.4,7,1 0O-tetraaza-7,10-

20  bis(carboxymethyl)cyclododecyl)acetic acid, trifluoroacetic acid salt

COH

{
j,g N/jN/‘cozH
N
R NVAN
HO,C FaC” ~OH

N
MeQ” NH;
0

A solution of 2-(1,4,7,10-tetraaza-4,7,10-tris{[(tert-butyl)oxycarbonyl]methyl}-
cyclododecyl)acetic acid(68.7 mg, 0.120 mmol} in dry DMF (1.00 mL) was
successively treated with HOBt (18.4 mg, 0.120 mmol) and EDC (22.9 mg, 0.120 mmol)

25  at22°C. After 0.5 h, the solution was treated with the product of Part 18A (40.8 mg,
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Part A - Preparation of tert-Butyl

2-(7-T(N-{[44{(2R)-2-[ (tert-but oxy) car bonyl am no] -

4- et hyl pent anoyl am nooxy} net hyl ) phenyl ] et hyl } car banoyl ) net hyl ]-1, 4, 7, 10-
tetraaza-4, 10-bi s {[(tert- but ypoxycar bonyl j met hyl } cycl ododecyl }acetate
5A solution of 2-(1,4,7,10-tetraaza-4,7,10-tris{

Wer t - but ypoxycar bonyl I rret hyl) - cycl ododecyf | acetic acid (128 ng, 0.224
mmol) in dry BNE msobendiby resnlsing mbxters stimes| 05 h r Brtinermepiale compealy @E‘F 3 ng,

0.224 mmol), BRI 84 oﬂcégam%c@v%fledmﬁll DAY 9 mg; 'Oabm‘nn(ol)‘lﬁleﬂfstlr@d%(h nmol ) at
22 C. After 0.25 h, the solution was treated with the product of Part 20D

(55.0 ngy, 0. 13eforerfskltreamment with MREONHsHE (0.0 mg, RIS mmeld| AfterHdnthet i rred 10
overni ght. Af Ee%ﬁlnﬁ Smlkturd QQ iR WA BB t Issgx}r@ghcf%(?mﬁﬁe&d 1IRLphAtRed S h then

concentrated in va uo an e resi in Et0Ac. The Et0Ac
sol ution was $wwecland sugedssivelpwhshdd thblﬂ 10M NaQHaad saterated paucess Nagih €ouds

sol ut i ons of - NAHOR, 1ANE ARGk BBt ANAISONIRR o kBB

concentrated in 0 a pa e yell ow ol was used w thout further
purification wmumea@Am@aqulewmcuW meécmﬂ]@nﬁaﬁhe urifirpion it suPsaBEt00, MrH),
411.2 (65). Fgrotgmongtr paration of 2-(7- {[N—({4 W2R) - 2- am no- 4-

met hyl pent anoyl"am nooxy) et hyl ] phenyl } met hyl ) car banoyl i met hyl }-1, 4, 7, 10-t et
raaza4, 10- bi s(car b&cm@d%dlcpmysﬁt@ﬂbﬂéwpﬁé@meécaé)c‘f’% dissplygd 1961%@&0 B0 aci d

salt M Nqbt %ﬂ%'ﬁwx‘ﬂ%ﬁg lgel%:gdc’: %)%L?a%(g-rgg(womﬁel 96 mlﬂ%rftafiﬁA (0.134

mmol theoreti n successively
treated with IslﬂGnc(ndepkz)nemdz RICI TﬁeeraOtmgpablypll@v 8futivin vob stired 1M bsdiriagi on i n
di oxane) at 22.C. .The.resul.tin

then a1 vol attHaSmEEREI I st PRas AV ol Sk B is Bty Le3RmiET C7T
puri f :) ed by MReleGeratved uﬁtteeleumﬂﬁomeandmﬁ&&nemmmdua teddsodv@BO Hath) using a
oL m . ProdusvRaBhe A g RRLAIONE GierD MEORLY HEEC bPaRleRdl e T T
m crocrystidl | i1 cglomal @1.2-6Z500nmpysing3 Wa/tmmgradn&ﬁ ﬁ@ﬂt)o 3(EHMWN obeBded6, 600
Miz) . 9.01 (1 1"} TF}( and 10% H,0 at 20 mL/min. The main product peak eluting at 11.5 min was

collected and lyophilized to a white powder (12.8 mg, 13.4 pmol; 13.4%). 'H NMR

(methanol-dy, 600 MHz): 8 7.33 (2H, AB, Jag = 8.0 Hz), 7.22 (ZH, AB, Jag = 8.1 Hz),

4.36 (2H, brs), 3.84 (5H, brs), 3.75 - 3.66 (4H, brm), 3.57 (3H, s), 3.37 (8H, brs), 3.31

20  (8H, brs), 3.14 - 3.06 (2H, m). HRMS calcd for Cy7Ha3N709 (M+H): 610.3195. Found:
610.3199.

Example 19

2-[7-({ N-[(4-{(2R)-2-amino-2-[N-
(phenylmethoxy)carbamoyl]jethyl} phenyl)methyl]carbamoyl} methyl)-1,4,7,10-tetraaza-

25 4,10-bis(carboxymethyl)cyclododecyl]acetic acid, trifluoroacetic acid salt
(co,H
o N/WN/\COQH
N’lk/N N
H L/ N
H HO,C FiC” TOH
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55.4 Hz), 7.42 (4H, ABg, JAB = 8.0 Hz), 4.98 (2H, s), 4.49 (2H, d, J= 5.1
Hz), 3.95 (1H, t, J= 6.7 Hz), 3.81 (4H, s), 3.80 (2H s), 3.63 (2H s),
3.15 (12H, s), 2.99 (4H, s), 1.80- 1.66 (3H, m), 0.87 (3H, d,J= 6.1 Hz),
0.85 (3H, d, J= 6.1 Hz). HRMVB calcd for C30H49N209 (M+H): 652.3665. Found:
652. 3669. Exanpl e 24 102- (7- (W ({44((2R)- 2- am' no- 3- ( 2-

napht hyl ) pr opanoyl ar ni nooxy) net hyl | phen | ) carbamoyl I nethyl }-1,4,7, 10 ’
- tetraaza-4, 10- b.@é@wwwhﬂwgwaa@d%a Sf fééthvwl)avexcerbowlrrfeﬂu roacetic

acid salt ”Ql(\% cid?dec ?&Qfé‘é Fsa&"g%l% 5356 Ghof) @2 dry DMF fafotm¥) wasPr epar ati on of

tert-Butyl ert-but oxy) car bonyl amnol 153
- ( 2- napht hyl ) pressssinely reaigd i 9Bh@f5Hy11 . FHenymal) and ERY1(23.9 mg, 0.120 mmol)

Ctortbatyl ) Ba7sE: ke f-2h GELIARAE (Lstbih e poductorren 158 408 )
NCO21- Bu 7B OPP@paobdndthe desiting mexure stifr(5 2 3Fe lntmdla@():@mngﬂt% 6o WH),
453.2 (100). obtained was once again activated with EDC (22.9 mg, 0.120 mmol), then stirred 0.5 h
before final treatment with BnONH,eHC! (19.2 mg, 0.120 mmol). After 1 h, the
resulting mixture was diluted with EtOAc (100 mL) then transferred to a separatory
funnel and successively washed with 0.1 M NaOH and saturated aqueous NaCl (3 x 25
10 mL each). The EtOAc solution was dried over MgSOs, filtered and concentrated in
vacuo to a colorless oil, which was used without further purification in the subsequent
deprotection step.
The protected conjugate (0.120 mmol theoretical) was dissolved in dioxane (1.00
mL) then successively treated with H,O (9 uL) and HCi (4.00 mmol; 1.00 mL of a4 M
15  solution in dioxane) at 22 °C. The resulting pale yellow solution was stirred 14 h, during
which time a heavy white precipitate formed. Upon complete deprotection, the volatiles
were removed under a stream of N, and the white solid residue redissolved in H,O
containing 0.1% TFA (8.00 mL) then partially purified by HPLC on a Phenomenex Luna
C18 column (21.2 x 250 mm) using a 1%/min gradient from 0-40% MeCN containing
20 0.1% TFA and 10% H,O at 20 mL/min. The main product peak eluting at 21 min was
collected and lyophilized to a white powder. Final purification was performed using an
identical column combined with a 1%/min gradient from 0-50% MeCN containing 0.1%
HCO;H and 10% H;0 at 20 mL/min. The main product peak eluting at 14 min was
collected and lyophilized to a white powder (8.2 mg, 10.0 pmol; 10.0%). 'HNMR
25  (methanol-ds, 600 MHz): § 7.39 (2H, AB, Jap = 7.7 Hz), 7.37 - 7.28 (SH, m), 7.19 (2H,
AB, Jap = 8.0 Hz), 4.70 (2H, ABq, Jap = 11.0 Hz), 4.4 (2H, ABq, Jas = 14.8 Hz), 3.84
(14, brt, /= 6.8 Hz), 3.66 — 3.36 (16H, m), 3.11 — 2.91 (11 H, m). HRMS calcd for
C33HasN;0g (M+H): 686.3508. Found: 686.3518.

Example 20
30 2-{[2-({[N-({4-[((2R)-2-amino-4-
methylpentanoylaminooxy)methyl]phenyl} methyl)carbamoyl}methyl} {2-
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Part B - Preparation of 2-(7-{[N({4-[((2R)-2-am no-3-(2-

20napl i t hyppr opanoyi am nooxy) i net hyl ] phenyl }nmethyncarbanoyl]triethyl
-1,4,7:10- tetraaza-4, 10- bi s(carboxynet hyucycl ododecypacetic acid,
trifluoroacetic acid salt 002H N. Ho4 O Prepared as described in Part 23B
(28.6 ng, 26.5 pnol; 39.9%. 1H NVR (DMSO-d6, 600 MHz): 88.98 (I H, t, J=
5.8 Hz), 7.89-7. 79(5H m, 7.52 (2H, d, J= 8.6 Hz), 7.53-7.49 (2H, :
7.33-7.20 (4H, r[)ls(cﬂbﬂ:&n(e%ﬂ)arﬁﬁq]pthﬂ%&mo)bmyﬁ(Cﬁﬁ)yxmt%mm}acgt)c acBl. 38 (2H,
s), 3.80-3.78 (4H, m, 3.59 (1H, gx)iuo%aéééﬁl 7.1 Hz), 3.20-3.09
(12H, ), 2.96 (4H, s). HRVB cal cd'f ko (MeH) : 736. 3665. Found:
736.3663. Exanple 25 2- { [ ( { W({44((2R) -2-am no-3-indol - 2-
yIprppanoylan1nooxy)nethyb,hbenyl } met hyl ) car banoyl | et hyl {2-

10[ bi s(car boxynet hyfl am no eﬂ%jk}a%tﬂ\iethylj(%amboxyjfthyflan1no}acetlc

acid, trifluoroacetic aci d*$allt
8] N\I(\N/\/Nj FaC™ OH

Part A — Preparation of N-({4-[(1,3-dioxoisoindolin-2-
5  yloxy)methyl]phenyl }methyl)prop-2-enyloxycarboxamide

A solution of N-hydroxyphthalimide (3.32 g, 20.3 mmol), the product of Part 1B
(3.00 g, 13.6 mmol), and PPh; (5.33 g, 20.3 mmol) in dry THF (100 mL) was cooled to 0
°C while stirring under N;. ADDP (5.13 g, 20.3 mmol) was added in one portion and the

NHAlloc

10  resulting yellow solution warmed to ambient temperature. The solution was stirred for
23 h then heated to 50 °C and maintained 5 h. After cooling to 22 °C, the THF removed
in vacuo and the residue partitioned between Et;0 and saturated aqueous NaHCO; (500
mL each). The Et;O layer was washed with additional NaHCOj3 solution (2 x 500 mL)
then dried over Na,SOy, filtered and concentrated in vacuo to afford the crude product as

15  ayellow solid (7.3 g) that was used without further purification in the subsequent
deprotection step. LRMS: 389.2 (100, M+Na), 367.2 (100), 323.2 (25).

Part B - Preparation of N-({4-[(aminooxy)methyl]phenyl}methyl)prop-2-

enyloxycarboxamide

HoN. o
NHAlloc

20 The product of Part 20A (1 g) was dissolved in MeOH (40.0 mL) and hydrazine
hydrate (105 mg, 3.3 mmol) added in one portion at 22 °C. The mixture was heated to
reflux, maintained 0.5 h then cooléd to 0 °C using an ice-water bath and maintained 2 h,
The white solid precipitate was removed by filtration through a scintered glass funnel

and the filtrate concentrated to afford the crude product as a pale yellow solid (794 mg)
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(C2H F3C5-1'0H 8 Llcool Part A - Preparation of

(2R)- 21(tert - But oxy) carbonyl am no] - 3-i ndol- 2-yl - N- ({4- [ (prop2- enyl oxycar bon
yl am no) net hyl ] phenyl } met hoxy) propanam de 15 NHAI | oc Prepared as
described in Part 20C, using Boc-DTrp-OH LRMS: 423.5 (100, M+H Boc), 545.5
(15, MtNa). Part B - Preparation of

(2R) - N-{[ 4- (am nonet hyl ) phenyl ] met hoxy) - 2-[ (tert but gxy) car bonyl am no] - 3-i nd
ol - 2- yl pr opanafsuiteble pusitnfor usecin thessubsequent Coupil"@rfé%ﬁ&‘?feg MBEBMS 690 Par t

20D (154 ny, _ : % NMR v B lle22 ,
ors) . 30,80 (MEAG ST Hibkis Faethh Al Ay 0 A @ oyl Bk dioB (T
;7850H2r|)z),67§;o14(waﬁ 5 ABLy), SDARLE, 8.3 1AA)Hz)75 ID(1H184 5302 H206 5T @H, sk, J =

JAB = 11.0 Hz)4',46ﬁbf"’(’fjﬁ,:j’iﬁéﬂgé\)é’gz(%%él(ﬁz]%)‘ %R%qz?%(a %ﬁﬁl‘%‘?‘ﬁﬂ‘.@’g’é% ,:Ac?g: J

= 14.3, 5.9 H2}7.122496oyntiH}37d@38.J = 14.4, 8.8 Hz), 1.33 (9H, s). HRMS cal cd
for C24H30N404 (M+Na): 461.259. Found: 461.259. Part C - Preparation of
tert-Butyl 24Pat{[-Preppfator( §(2R)2-HiepBuexy)dathooyipningl-haryhii(ibi(eropd-

3-indol-2-yl pr ' Liligcar banoyl ) met hyl ] [ 2-
(bis(Rtert- buf%@%ﬁ?‘oﬁ@%‘?ﬁwgwﬁ% y aml‘%\eg) et hyl ) {
Vér t but ypoxycar bonyl | net hypar ni nol acetate HH BocHNMSN ( CO21- BU

Me® Ty
BociN 70
o NHAlloc

The product of Part 20B (0.200 g, 0.846 mmol) was added to a stirring mixture of
10  Boc-pLeu-OH (254 mg, 1.10 mmol), HOBt (168 mg, 1.10 mmol), HBTU (417 mg, 1.10
mmol), and i-Pr,NEt (678 uL, 3.89 mmol) in DMF at 22°C. The resulting mixture was
stirred overnight then concentrated in vacuo and the residue dissolved in EtOAc. The
EtOAc solution was successively washed with 0.1 N HCI, 5% aqueous NaHCOj3, and
saturated aqueous NaCl then dried over Na;SOq, filtered and concentrated in vacuo. The
15  crude material was purified by HPLC on a Phenomenex Luna C18 column (21.2 x 250
mm) using a 2%/min gradient from 40-80% MeCN containing 0.1% HCO,H and 10%
H,O at 20 mL/min. Product containing fractions were pooled and lyophilized to a white
microcrystalline powder (224 mg, 0.498 mmol; 58.9%). 'H NMR (DMSO-ds, 300
MHz): & 11.15 (1H, s), 8.04 (1H,t,J=6.9),7.29 (4H, ABq, Jas = 8.0 Hz), 6.86 (1H, d,J
20 =7.8Hz),591 (1H, ddt,J=17.4,10.6, 5.4 Hz), 5.28 (1H, d, /= 16.3 Hz), 5.17 (1H, d,
J=10.7 Hz), 4.73 (2H, s), 4.49 (2H, dt, J = 5.4, 1 4 Hz), 4.19 (2H, d, /= 6.2), 3.81 (1H,
AB, Jag = 7.9 Hz), 1.60-1.25 (3H, m), 1.37 (9H, s), 0.84 (3H, d, /= 6.9 Hz), 0.81 (3H,
d,J= 6.9 Hz). HRMS calcd for Cy3H3sN30¢ (M+Na): 472.2418. Found: 472.2415.

Part D - Preparation of (2R)-N-{[4-(aminomethyl)phenyljmethoxy}-2-[{rert-
25  butoxy)carbonylamino]-4-methylpentanamide, formic acid salt

Me

e~ . .
BocHN” 0 i
0 NH, H” “OH
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"1CNNI) Ot.)C2t-Bu t-Bu2C..",N'..0Q2t-Bu Prepared as descri bed
in Part 20E to afford the crude product which was used 15 w t hout
purification in the next step. LRMS (ink): 1039.0(100% |[M+tH) Part D -
Preparation of 2-112-({[N-({4-[((2R)-2-am no- 3-i ndol -

yl pr opanoyl am nooxy) net hyl ] phenyl | net hyl ) car banoyl | met hyl ) {2-

[ bi s(car boxymet hyDam no] et hyl ) am no) et hyl | i car boxymet hyDani no acetlc aci d,
trifluoroacetic acihdpdigt of Part 20C OGP #5@uap)) yas dissobpd in 2:1 ffiefar ed as

e g A A 5
bi t), 7.60 ( 1(116 dr, 1]121 mmel)Hni 5.0 nwd(((l)hlp); @2BufollS ke) %) 3 225(3( ahq ABq JAB
: 201( 2 ABfeouigs Yl pogicg s pig Gy an g o g i st nd 3 -
3. 78-3. 72 § 1Hgirdly pified bl 81|P|LC5)\1,3 I&eﬁﬁneﬁléﬁiw{a C13 calubn 32 -z X 25BmhBudidglal dd
b i o ot el i oa B el S50 o
26 2-(4-{[ N (fd7Re2 B)od&t%&ltﬁlﬁm%ﬁla&dﬂk weére pooled and lyophilized to afford a white

10yl pr opanoyl am noo net h e
et Ey Doar bﬁnﬁwf_r%ﬁ%eww feév 075 quppl; 61.7%). 'H NMR (DMSO-ds, 600

7, 10- bi s( car bgyiyed snd A ays! pﬂp@ﬂ?m@,@% @ emi)le 00 (1H, HuoF nace), ugs@id salt
10 s),3.85(2H, 5), 3.82 (1H, AB, Jap = 8.4 Hz), 1.46-1.56 (1H, m), 1.38 (9H, ), 1.46-1.36
(1H, m), 1.36-1.26 (1H, m), 0.85 (3H, d, /= 6.5 Hz), 0.82 (3H, d, J= 6.2 Hz). LRMS :
366.2 (100, M+H), 731.5 (25).

Part E - Preparation of (tert-Butyl 2-[(2-{[(N-{[4-( {(2R)-2-[(tert-butoxy)carbonylamino]-
4-methylpentanoylaminooxy} methyl)phenyl]methyl } carbamoylymethyl][2-(bis{[(tert-

15  butyl)oxycarbony!Jmethyl}amino)ethyljaminojethyl){[(rert-
butyloxycarbonylJmethyl}amino]acetate

Me

Mo

BDGHN’\n’ /\@\/ C()zt -Bu
\H/\N/\/N

CO-Bu
1-Bu0,C._N._COzt-Bu
A solution of 2-{bis[2-(bis{[(rert-

butyl)oxycarbonyl]methyl}amino)ethyl}amino }acetic acid (102 mg, 0.166 mmol), HOBt

20  (22.4 mg, 0.166 mmol) and the product of Part 20D (55.0 mg, 0.150 mmol) in dry DMF
(2.00 mL) was successively treated with i-ProNEt (115 pL, 0.662 mmol) and HBTU
(63.0 mg, 0.166 mmol) at 22 °C. The resulting solution was stirred 18 h then heated to
50 °C and maintained 0.5 h. After cooling to 22 °C, all volatiles were removed in vacuo
and the residue redissolved in EtOAc. The EtOAc solution was successively washed

25 . with 0.1 N HCI, saturated aqueous solutions of NaHCO3, and NaCl then dried over.
Na,SOq, filtered and concentrated in vacuo to a pale yellow oil, which was used without
further purification in the subsequent deprotection step. LRMS: 966.0 (100, M+H),
433.6 (60).
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H HZN CO2H "\-NCO2H F3CL1OH ( CO2H Part A - Preparation of tert-Butyl
2-(10-[(N-([4-(1(2R)-2-[(tert-butoxy)carbonyl am no] 3-i ndol- 2-yl propanoyl am
nooxy} nmet hyl ) phenyl ] net hyl } car banoyl ) net hyl ] -1, 4,7, 10- 15
tetrana-4, 7-bi s([(tert-butypoxycarbonyl ] nmet hyl } cycl ododecyDacet at e
Preapred as described in Part 23A. LRVS: 994.0 (100, M+H), 589.7 (50),
447.6 (100). Part B - Preparation of
( |2 (4-{[ N\ I( { 4phet 2R)’re'p’arﬁiﬂnlri)?ﬁ:?ﬁ{i-(l{l@m({Q[é(?.RX—Q-amino-tl-
yl propanoyl am nqQo met hyl. | phen t C linethyl)~1,4,7,10-tetraaza
7,10-bi s(car bB’ﬁ?&’Fﬁ%%"Y 0865%@%81{1?@%%2?%?%%%51{c%écet ic acid salt
r\i/Th OCO2H R3&k&ddx¢mbihyl)amino]ethyl}amino)ethylj(carboxymethyl)amino}acetic acid,

trifluoroacetic acid salt

Me

Me L
B H
N COzH 9
2 80 P U TG g
[s] NY\N/\\/NW 3G OH
o COH
5 RO.C._-N._-COH

The product of Part 20E (0.150 mmol theoretical) was dissolved in 3:2
TFA/CH,Cl, (3.00 mL) at 22 °C then stirred overnight. Upon complete deptrotection, all
volatiles were removed in vacuo and the reisdue purified by HPLC on a Phenomenex
Luna C18 column (21.2 x 250 mm) using a 2%/min gradient from 0-30% MeCN

10  containing 0.1% TFA and 10% H0 at 20 mL/min. Product-containing fractions were
pooled and lyophilized to afford a white microcrystalline powder (85.0 mg, 86.5 umol;
57.7%). "HNMR (DMSO-ds, 600 MHz) § 11.76 (1H, s), 8.97 (1H, t, J = 5.7 Hz), 8.25
(3H, brs), 7.35 (4H, ABq, Jas = 8.1 Hz), 4.82 (2H, 5), 4.37 (2H, d, J = 5.7 Hz), 4.27
(2H, s), 3.50 (9H, brs), 3.38 (4H, 1, J = 5.6 Hz), 3.06 (4H, t, / = 5.8 Hz}, 1.54-1.47 (3K,

15 m), 0.85 (6H, d,J = 5.5 Hz). ">C NMR (DMSO-d;, 151 MHz): § 172.5, 165.4, 164.6,
138.5, 134.0, 128.8, 127.0, 76.7, 54.1, 53.6, 52.0, 48.7, 48.4, 41.8, 23.4, 22.0, 21.8.
HRMS caled for Ca3HiaNgO;) (M+H): 641.3141. Found: 641.3450.

Example 21
2-{[2-({[N-({4-[((2R)-2-amino-3-(2-
20 naphthyl)propanoylaminooxy)methyl]phenyl }methyl)carbamoyl]methy1} {2-

[bis(carboxymethyl)amino]ethyl }amino)ethyl](carboxymethyl)amino }acetic acid,

H H
; o
HZN/\]r— N...O/\©\/H o '/COzH o )L
0 N\"/\N/\/Nﬁ FsC” "OH
[a)

COH
HO,C._.N._.COM

trifluoroacetic acid salt
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CO2N Parepared as described in Part 23B (13 ng, 11 unol; 8.4%. ill
NMR (DVb0d6, 600 MHz): 8 11.63 (1H, s), 11.03 (1H, s), 8.95 (1H, brs), 8.31
(2H, brs), 7.60 (111, d, J=7.9 Hz), 7.38 (IH, d, J=8.1 Hz), 7.25 (4H,
ABgq, JAB= 7.9 Hz), 7.20 (1H, s), 7.10 5(111, t, J= 7.5 Hz), 7.02 (1H t, J=
7.5 Hz), 4.60 (2H, ABgq, JAB = 10.9 Hz), 4.36 (2H, d, J= 4.5 Hz), 3.75 (IH,
t, J= 6.4 Hz), 3.63 (4H, s), 3.35 (12H, brsé317 (1H, dd, J= 14.4, 7.2
Hz), 3.10 (I H’mw Preparatiorsof (R)-BIA(9,93dimethy B3 naphthgfen-Jpmsthy B4 Hdipgh-

C35H4AN809 (Mt 627. Exanple 27
102- ({24({N-[ " OE(? F%?(ﬁ%zgdec 0- %az%h%dr oxyphenyl ) propanoyl am nooxy] net hyl

} phenyf | net hyl ] car banoyl } net hymg
[ bi s(car boxymet hyDar ni nol et hyl et hyl )(car boxymet hyf | am no) acetic
acid, trifluoroacetic acid salt etft Preparation of

(2R)-2-[(tert-Butoxy)car bonyl am rf‘BT'N 3( 42 hox;(}gngnyl) N-
({4-[ (prop-2-enyl oxycar bonyl am no) net hyI ]1i kenyT } et hoxy) pr opananm de HO H

BocHNThoi NNHAI | o F 0623445
Boc- DTyr - OH (33 Cprepééedas d?g,@@g fﬁ%ﬁ?%@@%&l’%@@zﬁ%&3 11. g4 | H,
s), 9.14 (5H, 233%). #}mwm(mmso -ds, 660 MHR): I§Izl)l 2020, sR7.86 41H. 1, J ARG, Hz)ABSE 7.9
Hz), 7.00 (2H 93 z) J= 8.3
Hz) . 5. 91 (1H§2Pg&r’,]‘ ?1?@2)11;.%%,(”%.&,%% 7)1{%%534 1Y, (@g%ﬁ) 1(4%';&}&(&
Hz), 5.17 (1H/=dd, Hz)77.20(4H, ABqWVakt)8,1 H2)GA1{ AH, dAIBq82BlAB5:911U{ @dﬂ-lz))— 4. 49
(2H, dt, J = , H, )4 13 = 8.4
). 2.62-2. 72@1‘?1’ ?yf% 53@?%&” lﬂﬁﬁi@_l’gﬁiﬁad’f]orl%éfg%e%?\é@?(%%
5222211, Foundis -5Pi2L BE0849 GFar1 B5.3 H2),dpdr(alli bd =2 Hz), 4.1 (1H, ABg, Jue =
(2R) - N- 145 famg nometig JRNERY), | Te1RXY1 581, §FMC NMR (DMSO-ds, 151 MHz): &

1683, 156.1, 155.1, 139.9, 135.4, 133.7, 132.9, 131.8, 128.8, 127.7, 127.5, 127.4, 127.3,

126.8, 125.9, 125.4, 116.9, 78.0, 76.5, 64.3, 53.5, 43.5, 37.7, 28.1. HRMS calcd for

CaoHasN3Og (M+H): 556.2418. Found: 556.2410.

Part B - Preparation of (2R)-N-{[4-(aminomethyl)phenyljmethoxy}-2-[(fers-
15  butoxy)carbonylamino]-3-(2-naphthyl)propanamide, formic acid salt

B H
A N o]
8ocHN el
N oo

Prepared as described in Part 20D (69.0 mg, 0.139 mmol; 60.3%). 'HNMR
(DMSO-ds, 600 MHz): § 8.33 (1H, s), 7.86 (1H, d,J = 7.8 Hz), 7.82 (1H, t, /= 8.3 Hz),
7.72 (1H, s), 7.44-7.50 (2H, m), 7.42 (1H, d, J = 8.2Hz), 7.31 (4H, ABq, Jag = 7.9 Hz),
20 7.12(1H,d,J= 7.1 Hz), 4.62 (2H, ABq, Jag = 10.8 Hz), 4.12 (1H, m), 3.82 (2H, s),
2.91-3.06 (2H, m), 1.29 (9H, s). LRMS: 450.6 (100, M+H).

Part C — Preparation of tert-Butyl 2-[(2-{[(N-{[4-({(2R)-2-{{tert-butoxy)carbonylamino}-
3-(2-naphthyl)propanoylaminooxy} methyl)phenyl)methyl} carbamoyl)methyl}[2-
‘(bis{[(rért-butyl)oxycarbonyl]methyl }amino)ethylJamino} éthyl) {[(rert- -

25  butylDoxycarbonyl]methyl }amino)acetate
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but oxy) car bonyl am no] - 3- (4- hydr oxyphenyl ) propanam de, formc acid salt HO
NH2 HI OH Prepared as described in Part 20D (16.9 ng, 36.6 unol; 59.09% . NVR
(DVB0-4, 600 MHz): 8 8.36 (1H, brs), 7.52 (1H, dt, 1= 7.6, 2.8 Hz), 7.40
(4H, ABq, 10 JAB = 7.7 Hz), 7.00 (2H, d, J =8.1 Hz), 6.93 (111, d, J= 8.3
Hz), 6.64 (2H, d, J 7.9 Hz), 4.68 (2H, ABq, JAB = 10.9 Hz), 3.97 (21-1,
s), 3.91 (1H, AB, JAB = 8.0 FE), 2.73 (114, dd, J = 13.7, 5.9 Hz), 2.66

(1H, dd, J = 13.3, 9.2 Hz) 3 (9H, s). HRMS cal cd for C22H29N305( M+H)

416.2180. Found: 416.2183. :.C , Preparation of tert-Butyl

2-[(2-{[(N-([4- ({(2R) - 2- Rtergoc@,ut\(? onyl am n0y £ty

344- hydr oxyphenyl ) pr opanoyl am nooxy) ne eremyLk thyl}carbanDndethyI][Z
CO,t-Bu

(blsffltert butypoxycarbonyl]nethyl)anlno)g&&glhan&ﬂ@}ethyl)ffltertbutypoxy

car bonyl ] met hyl } am no) acet at e Prepared as described in Part

20E. LRVB: 1016.0 :
of 2- ({24({N\-[ (- {“Qé’%ﬁed¥ggﬁ1crh‘%§§‘ﬁm{ﬁﬁ 1RVRE 18950 (1dbm+ PRk 18 $X80), Brepar at i on

hydroxyphenylyﬁﬁopanoylanlnooxy]nethyl}phenyl)nethyl}carbalnoyl}nethyl)(z-
[ bi s(car boxynet hyDam noj et h &an1n0|et carbo§ met hyDam no) aceti c acid,
trifluoroacet Pat édeemanoi%r '&ﬂé’d{é‘i«%’!@s%ﬂlﬂ‘éa' ¥‘n Part 20F. 114 NWR
(DWVBO- d6, 600 m&hyllples 1} cheliyl)cRbanoyl eﬁﬁrl}({i—H t, J_ 5.3
Hz), 8. 32, §(1HMD‘)”§?&]’J’§%"GM) 31& "Q” }?) YQ]: § 7.00
(2H, d, J= 8. ﬁna@yboxmawllammﬂﬁhyl}Jam@e‘hﬂﬁfafb‘”%’msﬁfﬁ > A’t%“d'c a8 ’AB ='10. 9
Hz), 4.36 (2Hmtgor1)am5a§d;gt) 4.26 (2H, s), 3.66 (2H, bra), 3.66-3.39 (9H,

m, 3.41-3.36 (4H, m, 6 (4H t, J= 5.6 Hz), 2.88 (2H, d, J= 7.6 Hz).
HRVS cal cd for C31H42N6 H)y: 691.2936. Found: 691.2944. Exanple 28 2-{
[2-({ [N(C {4-[((2R) -2- -(3-

o]

HZN/\rr /\Q/ N COZH ) CJLOH
\H/\Nx\/ 3

cozu
HO,C._N._CO:H

Prepared as described in Part 20F (35.0 mg, 32.8 pmol; 43.2%). 'H NMR

10 (DMSO-d;, 300 MHz): 5 11.62 (1H, s), 8.95 (1H, 1, /= 5.6 Hz), 8.44 (3H, brs), 7.82-
7.95 (3H, m), 7.74 (1H, s), 7.56-7.47 (2H, m), 7.37 (1H, d, J= 8.8 Hz), 7.17 (4H, ABq
Jap = 8.1 Hz), 4.55 (2H, AB, Jag = 11.0 Hz), 4.33 (2H, d, J = 5.7 Hz), 4.26 (2H, s), 3.83-
3.94 (1H, m), 3.51 (8H, s), 3.39 (4H, t, J= 5.1 Hz), 3.18 (2H, d, /= 7.2 Hz), 3.06 (4H, 1,
J =49 Hz). "CNMR (DMSO-ds, 151 MHz): 8 172.7, 164.8, 164.7, 138.7, 134.1,

15  132.9,132.3,132.2, 128.9, 128.2, 128.1, 127.6, 127.5,127.4, 127.2, 126.3, 125.9, 113.8,
77.0, 54.3, 53.9, 52.2, 51.6, 48.6. HRMS calcd for C3sHasNgOyy (M+H): 725.3141.
Found: 725.3141.

Example 22

2-{[2-({{N-({4-[((2R)-2-amino-3-
20 phenylpropanoylaminooxy)methyljphenyl} methyl)carbamoyllmethyl} {2-
[bis(carboxyméthyl)amino]ethy!} amino)ethyl}(carboxymethyl)amino}acetic acid,

trifluoroacetic acid salt
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10pyri dyl ) propanoyl am nooxy) net hyl i phenyl } net hyDcar banoyl | net hyl } {2-

[ bi s(car boxynet hyDam no] et hyl } am no) et hyl ] (car boxynet hyDam no}aceti c aci d,
trifluoroacetic acid salt (CO2H 1 F3COH O Li CO2H Part A - Preparation
of (2R)-24(tert-butoxy)carbonylam nol -N-({41(proP-2- 15

enyl oxycar bonyl am no) net hyl i phenyl | met hoxy) - 3- ( 3- pyri dyppr opanam de
Prepared as described in Part 20C, using Boc-PPya-OH LRMS: 485.6 (100,

M+H) . Part B - Prepar n of

(2R)-N-([4-(am nomet hyl ) p | ]yret hoxy) - 2-[ (tert 20
but oxy) car bonyl ami no] - 3- ( 35 PyHd opanam de,~PHrm ¢ acid salt BocHN
ONH2 HA Prepared as des@rm:% (151:0%)@% 0. 338 ml ;

79.9% . LRVS: 401.6 (100, M+H). Part C -oPrQEar bjron of tert-Butyl
2-[(2-{RN-{[4- (((2R) - 2-[(tert-butoxy)carpenydatbhi nok 5
3- (3- pyri dyppropanoyl am nooxy} net hyl )phenlerret hyI } car banoyOnet hyl | [ 2-

(bis{Rtert- buwrgﬂmfgamﬁy{)i@m ﬁlyq:e}namt&a))@ammyminomlpﬁsdwmm _[(prop-2-
V\ér t but ypoxycar bonyl am nol acet at
enyioxyca:bonylammo methyl]phenyl} methoxy)propanamide

I H
encHN’ﬁ-rN‘o
o NHAlloe

5 Prepared as described in Part 20C, using Boc-DPhe-OH (88.0 mg, 0.182 mmol;
21.5%). 'H NMR (DMSO-ds, 600 MHz,): 8 11.19 (1H, s}, 7.76 (1H, 1,J= 4.2 Hz), 7.32-
7.16 (9H, m), 7.02 (1H, d, J = 8.3 Hz), 5.91 (1H, ddd, J = 17.5, 10.5, 5.4Hz), 5.28 (IH,
d,J=17.1Hz), 5.17 (?H, d, J= 11.5 Hz), 4.65 (2H, ABq, Jas = 10.7 Hz), 449 (2H, d,J
= 5.3 Hz), 4.19 (2H, d, J = 6.2 Hz), 4.00 (1H, ABq, Jas = 8.7 Hz), 2.74-2.87 (2H, m),
10 1.32(9H, s). HRMS calcd for Cy¢H33N305 (M+H): 506.2262. Found 506.2254.

Part B — Preparation of (2R)-N-{[4-(aminomethyl)phenylmethoxy}-2-[(tert-

butoxy)carbonylamino]-3-phenylpropanamide, formic acid salt

PN
BocHN/\n’N"O
o NH

Prepared as described in Part 20D (45.0 mg, 0.101 mmol; 57.3%). 'H NMR
15 (DMSO-ds, 600 MHz): & 8.33 (1H, 5), 7.35 (4H, ABq, Jap = 8.3 Hz), 7.30-7.17 (5H, m),
7.03 (1H, d, /= 8.4 Hz), 4.66 (2H, ABq, Jas = 10.6 Hz), 3.98-4.04 (1H, m), 3.83 (2H, s),
2.85(1H, dd, J=13.7, 5.8 Hz), 2.78 (1H, dd, /= 13.4, 9.5 Hz), 1.32 (9H, s). LCMS:
400.5 (100, M+H).
Part C — Preparation of tert-Butyl 2-[(2-{[(N-{[4-({(2R)-2-[(fert-butoxy)carbonylamino]-
20  3-phenylpropanoylaminooxy}methyl)phenyl]methyl} carbamoyl)methyl}{2-(bis{[(tert--
butyl)oxycarbonyl]methyl}amino)ethyl]amino} ethyl){[{tert-
butyl)oxycarbonylJmethyl}amino]acetate

112



Prepared as described in Part 20E. LRMS: 1001.0 (75, MtH), 501.2 (100, 10
M+2H) . Part 1)- Preparation of 2-([2-({[N ({4-WR)-2-am no- 3-( 3-

pyri dyl ) propanoyl am nooxy) et hyl i phenyl } net hyl ) car banoyl | met hyl } (2-

[ bi s(car boxynet hyDam no] et hyl } am no) et hyl i (car boxymet hyDam no} acetic acid,

trifluoroacetic acid salt Prepared as described in Part 20F (3.3
ng, 3.2 grmol; 1.8%. 1H NWR (DVB0Od6, 600 MHz): 6 11.64 (IH, s), 8.95 (1H,
t, J= 5.8 Hz), 8.52 (1H, d, 5.0 Hz), 8.38 (214, brs), 7.81-7.76 (1H m,
7.3877.26 (6H, m),4.69 (2H, , JAB = 11.6 Hz), 4.37 (2H, d, J = 4.7 Hz),

4.27 (2H, s), 4.07 (1H, t, eand N~4 (8H, pPEP 3.39 (414, t, J=
205.7 Hz), 3.19 (214, d, J=7.1 Hz), 306 ybeNJ= 5.9 Hz). HRVB cal cd

for C30H41N7011 (MHH): 676.2937. Found: 676c 2940. cdmsanpl es 29- 36
Synt hesi s of Gadol i ni um Conpl exes Theo £ Ol M,Bg procedure is
representative of the fashion in which gadolinium conpl exes of the
af orenmenti oned ex OEYILRME: a0sD.cNao,agtgy. i zati on data 5are
provi ded in Tabl ewaﬁaa%ég%g%{aiﬁgzn of the prodgct omexaan e 2(24.3 ny,
23. 3 pnol) ian]bLitha‘lala&,&f%ﬁz_QJf[ L((BF(ERy2adngifb-M th GJC13 (7.4 ng, 28 pnol)
in one portion at 22 C. The pH of the solution was adjusted to 5-6 with
aqueous NaOH plesgpispansylamingoxy)pedpiinhenymethiic TQE‘P"XJ-&LJ@YZH% ysis of the
reaction mgxt j ik | dnfindEBER cdrbtdy@athgierdifo Jagstipéidat i on was
conpl et e. nsrhetl{s%?at%gﬁem\;\y/a@ﬂdi I]m}d vvic?h }?}5{ rnMVﬂMg%jcnm( S}erL) and directly
purified by Hpifieogpcetic midst¥nenex Luna C18 colum (21.2 x 250 mm) using a
1.0%4 m n gradi ent of 0-30%/CN at a flowrate of 20 nL/mn; 5 nM NH40Ac
was enpl oyed as the aqueous[ cfhnponent. The mai n product peak eluting at 19
mn was collected and | yophiTiZedito give the titl corrpaﬁund as a

T

mi crocrystal line solid (15. 5wng)y 161§ ) pgol ; 77.@%. Tahle I.
Characterization data for Exanpl%s 29-86—Nexampt-dpr ectr sot
0 COH
HO2C_-N._.COH

Prepared as described in Part 20F (60.0 mg, 59.0 umol; 59.7%). "H NMR
(DMSO-ds, 300 MHz): § 11.62 (1H, s), 8.98 (1H, t, /= 5.8 Hz), 8.43 (3H, brs), 7.38-
10 7.19 (9H, m), 4.60 (2H, ABq, Jap = 10.9 Hz), 4.36 (2H, d, /= 5.6 Hz), 427 (2H, 5), 3.84
(1H, m), 3.51 (8H, s), 3.39 (4H, t, J= 5.1 Hz), 3.06 (4H, t,J = 6.0 Hz), 3.0t (2H, d,J =
6.7 Hz). "*C NMR (DMSO-d;, 151 MHz): § 172.7, 164.8, 164.6, 138.7, 134.7, 134.1,
129.4, 129.0, 128.6, 127.3, 77.0, 54.3, 53.9, 52.2, 51.5, 48.7, 42.0, 38.6. HRMS calcd
for C3;HaNgO11 (M+Na): 697.2804. Found: 697.2824.

15 Example 23

2-(7-{[N-({4-[((2R)-2-amino-4-
methylpentanoylamincoxy)methyl]phenyl}methyl)carbamoyilmethyl}-1,4,7,10-tetraaza-
4,10-bis(carboxymethyl)cyclododecyl)acetic acid, trifluoracetic acid salt

Me

M H COM
HZN /\“’ ‘0{\©'\;H . r\ r .
) N 3 0

N
N
NT COM FiC” “OH

0 (?N\JV

COM
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(as shown in Exanple #) yield (%9 LRMS (ES') HAMS (calcd. for; found) 29

31 32 33 34 35 36 1 2 23 21 24 20 25

Part A — Preparation of tert-Butyl 2-{ 7-[(N-{[4-({(2R)-2-[(tert-butoxy)carbonylamino)-
4-methylpentanoylaminooxy} methyl)phenyl]methyl }carbamoyl)methyl]-1,4,7,10-
tetraaza-4,10-bis {[(fert-butyl)oxycarbonyljmethyl}cyclododecyl}acetate

Me

Me ? H C02I-BU
BocHN™ (" “0’\©\/H ™ r
o) N N
N \
\g/\i y NGOy
S

GO t-Bu

5 A solution of 2-(1,4,7,10-tetraaza-4,7,10-tris{[(tert-butyl)oxycarbonyl]methyl} -
cyclododecyl)acetic acid (128 mg, 0.224 mmol) in dry DMF (5.00 mL) was successively
treated with HOBt (30.3 mg, 0.224 mmol), HBTU (84.9 mg, 0.224 mmol) and i-Pr;NEt
(146 uL, 0.840 mmol) at 22 °C. After 0.25 h, the solution was treated with the product
of Part 20D (55.0 mg, 0.134 mmol) and i-Pr,NEt (146 pL, 0.840 mmol) then stirred

10  overnight. After 24 h, the reaction was heated to 50 °C, maintained 5 h then
concentrated in vacuo and the residue dissolved in EtOAc. The EtOAc solution was
successively washed with 0.1 N HC, saturated aqueous solutions of NaHCO;, and NaCl
then dried over Na,SOs, filtered and concentrated in vacuo to a pale yellow oil, which
was used without further purification in the subsequent deprotection step. LRMS: 921.0

15 (100, M+H), 411.2 (65).

Part B — Preparation of 2-(7-{[N-({4-{((2R)-2-amino-4-
methylpentanoylaminooxy)methyl]phenyl} methyl)carbamoyljmethyl}-1,4,7,10-tetraaza-
4,10-bis{carboxymethyl)cyclododecyl)acetic acid, trifluoracetic acid salt

Me

Me' T M
HZN/\[rN.OI\Q\/H rcozH
Q N N O
N
KN\}JC%H F,C” TOH
COH

20 The product of Part 23A (0.134 mmol theoretical) was dissolved in dioxane (3.00
mL) then successively treated with H;O (14 pL) and HC1 (12.0 mmo}; 3.00 mL of a4 M
solution in dioxane) at 22 °C. The resulting pale yellow solution was stirred overnight

then all volatiles removed under reduced pressure and the residue directly purified by
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26 51 78 64 43 16 69 55 15 1687.1 (21, 2M+H), 1265.3 (20, 3M+21), 843.8
(100, MY 855.6 (100, M+H), 428.5 (24, M2H) 1614.1 (12, 2M+11), 807.6
(100, M+H), 403.5 (45, M-2H) 1320 (27, 3M+2H), 880.3 (100, MY. 441.7 (72,
Mr211) 891.6 (79, MrH), 736.8 (100), 369.0 (54) 1591.9 (15, 2M-H), 796.5
(100, M+H), 398.9 (55, M-2H) 880.7 (21, M-Na), 869.1 (100, M+H), 435.8 (25,
Mr2H) 1759.2 (10, 2MrH), 880.7 (100, MrH), 440.0 (35, M-2H)

C32H41GAN601 1 HYEE)onPheidhitAex Bubé (18 46lufia421 2 4 BT g S BSBMRA6 71 ;

855. 2681 C301- 0 7.2671; 1..267 N 11( Mt+H)
880. 2147; 880 gﬁ‘é@%%%’% pg o gg’ ! l%ﬁﬁé’%ﬁ“@
C21H41QdN6031 @Mﬂhbt-cz&ﬁmﬂx&lﬁlcuo?@ @e%b@&edﬁﬂf@éﬁﬁﬂfﬂ@ﬁ)ﬂvﬁhﬂe&m&ﬁ@wﬂﬂlﬂﬁb 869. 2099
C35H43CGd/ 4809( M+ 80. 26 Q 5, 3 n f
5 5.4 Hz),7.42 (4H, ABq, Jap = 8.0 Hz), 4.98 (2H, s), 4.49 (2H, d, /= 5.1 Hz), 3.93 (IH, t,

J= 6.7 Hz), 3.81 (4H, 5), 3.80 (2H, s), 3.63 (2H, s}, 3.15 (12H, 5), 2.99 (4H, s), 1.80-

1.66 (3H, m), 0.87 (3H, d, /= 6.1 Hz), 0.85 (3H, d, J= 6.1 Hz). HRMS calcd for

C30Hs9N70y (M+H): 652.3665. Found: 652.3669.

Example 24

10 2-(7-{[N-({4-[((2R)-2-amino-3-(2-
naphthyl)propanoylaminooxy)methyllphenyl} methyl)carbamoyllmethyl}-1,4,7,10-

tetraaza-4,10-bis{carboxymethyl)cyclododecyl)acetic acid, trifluoroacetic acid salt

R
L
co,H

HzN/\Ir /\©\’ﬁ r\N3 o
0 t CO;H FgcJLOH

COzH

Part A — Preparation of rert-Butyl 2-{7-[(N-{[4-({(2R)-2-[(tert-butoxy)carbonylamino]-
15 3-(2-naphthyl)propanoylaminooxy }methyl)phenyllmethyl}carbamoyl)methyl)-1,4,7,10-
tetraaza-4,10-bis{ [(tert-butyl)oxycarbonylJmethyl }cyclododecyl }acetate

socHNf\n/ /\©\,ﬂ

COzl-Bl.l

o (__ _> Z_£O0zBu
c02| -Bu
Prepared as described in Part 23A. LRMS: 1005.0 (60, M+H), 453.2 (100).

Part B — Preparation of 2-(7-{[N-({4-[((2R)-2-amino-3-(2-
20  naphthyl)propanoylaminooxy)methyl]phenyl}methyl)carbamoy{)methyl} -1,4,7,10-

tetraaza-4,10-bis(carboxymethyl)cyclododecyl)acetic acid, trifluoroacetic acid salt
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The follow ng procedure is representative of the fashion in which

gadol i ni um 20 conpl exes of the aforenenti oned exanpl es are prepared.

Radi ochem cal purity values for each conplex are provided in Table 2.
Using a | ead-shielded vial, a solution of the product of Exanple 2 (0.350
ng, 0.336 pnol) in 0.5 M NH40Ac (0.850 nL) was treated with [ 153Gd] GdC13
(75 pL of a 12.5 nCi/pL solution in 0.5 N HCl1l) in one portion at 22C. The

vial was capped using a@EE;B stopper, secured with an alum numcrinp
ring, then heated to 95 ath) 5 and nai nt ained 20 mm After cooling

to 22 C, a 25 pl.. aliquot Wnda #d by HPLC to confirm
conpl ete conversion. The crudeor eac s theg purified by HPLC
on a Phenonenex Cosnosil C18 colum (4. 6 cd,tSh o8 6. 7% mn
gradient fromO0-100 % MeCN at 1 ni/nin with _d&téction using inline | NUS

13- Ram and PDA (220 nm nodul es; 25 mM NRI szvas enpl oyed as the aqueous
10 conponent. Product-containing fractions were coll ected, concentrated
under reduced presmp;saeed&@desaﬂeédyaemm@zgstnhgezammneapimnhﬁwm hod to

57 64 b ecur s BIMPaLRBNIDIP BT b EIRRS T TR, 1550 80 9865 100" 3
39 100 4 40 ), 7.53-7.49 (2H, m), 7.33-7.20 (4H, m), 4.79 (2H, ABq, Jap = 11.6 Hz), 4.45 (2H, s),
5 438 (2H, 5), 3.80-3.78 (4H, m), 3.59 (1H, s), 3.44 (2H, d, J = 7.1 Hz), 3.20-3.09 (12H,
m), 2.96 (4H, s). HRMS calcd for C37HsoN;0s (M+H): 736.3665. Found: 736.3663.

Example 25
2-{[2-({[N-({4-[((2R)-2-amino-3-indol-2-
ylpropanoylaminooxy)methyl]phenyl } methyl)carbamoylJmethyl} {2-

10 [bis(carboxymethyl)amino)ethyl}amino)ethyl}(carboxymethyl)amino}acetic acid,

trifluoroacetic acid salt

: I
N Y
HzN’\;rN‘O . I,c:o,H j)\
0 N

Part A — Preparation of (2R)-2-[(tert-Butoxy)carbonylamino]-3-indol-2-yl-N-({4-[(prop-
2-enyloxycarbonylamino)methyl}phenyl} methoxy)propanamide

|
N7
H H n
BocHN™ 0
15 0 NHAtloc

Prepared as described in Part 20C, using Boc-pTrp-OH. LRMS: 423.5 (100,
M+H-Boc), 545.5(15, M+Na).

Part B — Preparation of (2R)-N-{[4-(aminomethyl)phenyl]methoxy}-2-[(tert-

butoxy)carbonylamine}-3-indol-2-ylpropanamide, formic acid salt
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100 5 41 95.0 6 42 98.7 7 43 99.1 8 44 96.6 9 45 99.3 10 46 74.5 11 47 96.

I
Yoy
BocHN Mo JOL
0 NH, H” “OH

Prepared as described in Part 20D (154 mg, 0.318 mmol; 43.4%). 'H NMR
(DMSO-dg, 600 MHz): § 11,22 (1H, brs), 10.80 (1H, s), 8.26 (1H, s), 7.58 (1H,d,/=7.7
Hz), 7.36 (1H, d, J = 8.0 Hz), 7.31 (4H, ABq, Jag = 8.3 Hz), 7.12 (1H, 5), 7.05 (1H, t, J =

5 7.5Hz),697(1H,t,J="7.5Hz), 6.91 (1H, d, /= 8.1 Hz), 4.64 (2H, ABq, Jas=11.0
Hz), 4.04 (1H, AB, Jag = 7.9 Hz), 3.84 (2H, s5), 2.99 (1H, dd, /= 14.3, 5.9 Hz}, 2.90 (1H,
dd, J='14.4, 8.8 Hz), 1.33 (9H, s). HRMS calcd for C23H30NaO4 (M+Na): 461.259.
Found: 461.259,
Part C — Preparation of fert-Butyl 2-[(2-{[(V-{[4-({(2R)-2-[{rers-butoxy)carbonylamino}-
10 3-indol-2-ylpropanoylaminooxy}methyl)phenyl]methyl}carbamoyl)methyl][2-

(bis{[(tert-butyl)oxycarbonyl]methyl}amino)ethyl}amino}ethyl}{[(rers-
butyl)oxycarbonyl]methyl}amino]acetate

4,

I
#H T H
N CO,t1-Bu
=
(o) N\n/\ N
'
o) CO,t-Bu
+8u0,C._N._.CO,t-Bu

Prepared as described in Part 20E to afford the crude product which was used
15  without purification in the next step. LRMS (mv/z): 1039.0 (100%, [M+H]")

Part D — Preparation of 2-{[2-({{N-({4-[((2R)-2-amino-3-indo]-2-
ylpropanoylaminooxy)methyl]phenyl jmethyl)carbamoyljmethyl} {2-
[bis(carboxymethyl)amino]ethyl} amino)ethyl](carboxymethyl)amino}acetic acid,

trifluoroacetic acid salt

L

H H . P .
N. : o
WO S ¢
o N\[l/\N ,\/N\' FaC™ "OH
0

CO,H

20 Ho:chvcc,zH
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12 48 68.2 13 49 100 14 50 100 15 51 100 16 52 95.4 17 53 80.0 18 54

Prepared as described in Part 20F (47.7 mg, 45.2 pmol; 26.1%). 'H NMR
(DMSO-dg, 600 MHz): § 11.63 (1H, s), 11.02 (1H, s), 8.95 (1H, t,/ = 5.6 Hz), 8.28 (2H,
brs), 7.60 (1H, d, J = 7.9 Hz), 7.38 (1H, d, /= 8.1 Hz), 7.25 (4H, ABq, /g = 8.1 Hz),
7.12 (1H, s}, 7.10 (1H, t, J= 7.4 Hz), 6.91 (1H, 1,J= 7.5 Hz), 4.60 (2H, ABq, Jag = 10.9
5 Hz), 436 (24, d, /= 4.7 Hz), 4.26 (2H, 5), 3.78-3.72 (1H, m), 3.51 (8H, 5), 3.38 (4H, 1, J
=53 Hz), 3.18 (1H, dd, /= 14.4, 72 Hz), 3.10 (1H, dd, /= 14.4, 7.4 Hz), 3.01 (4H,1,J
= 5.4 Hz), HRMS calcd for C33HuN;Op (M+H): 714.3093. Found: 714.3089.
Example 26
2-(4-{[N-({4-{((2R)-2-amino-3-indol-2-
10 ylpropanoylaminooxy)methyl]phenyl }methyl)carbamoyl]methyl}-1,4,7,10-tetraaza-
7,10-bis(carboxymethyl)cyclododecyl)acetic acid, trifluoroacetic acid salt

Lo
L e s U

co,H

o
(_ _> Z_CoMH FgCJLOH

COzH

Part A — Preparation of fert-Butyl 2-{10-[(V-{{4-({(2R)-2-[(tert-butoxy)carbonylamino]-
3-indol-2-ylpropanoylaminooxy} methyl)phenylJmethyl} carbamoyl)methyl]-1,4,7,10-
15  tetraaza-4,7-bis{[(tert-butyl)oxycarbonyl]methyl} cyclododecyl}acetate

L,

BocHN/\“/ /\@\/“ COzl-Bu
O i__ 3 0021. -Bu

COzl Bu
Preapred as described in Part 23A. LRMS: 994.0 (100, M+H), 589.7 (50), 447.6
(100).

Part B — Preparation of (2-(4-{[N-({4-[((2R)-2-amino-3-indol-2-'
20  ylpropanoylamincoxy)methyl}phenyl}methyl)carbamoyljmethyl}-1,4,7,10-tetraaza-
7,10-bis(carboxymethyl)cyclododecylacetic acid, trifluoroacetic acid salt
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H 00214

oy “@Vn o
(__ _> <_coH F;CJJ\OH

COzH

Parepared as described in Part 23B (13 mg, 11 umol; 8.4%). 'H NMR (DMSO-
ds, 600 MHz): 5 11.63 (1H, s), 11.03 (1H, s), 8.95 (1H, brs), 8.31 (2H, brs), 7.60 (1H, d,
J=7.9Hz),7.38 (1H, d, J = 8.1 Hz), 7.25 (4H, ABq, Jap = 7.9 Hz), 7.20 (1H, 5), 7.10
(1H,t,J= 7.5 Hz), 7.02 (1H, t, J= 7.5 Hz), 4.60 (2H, ABq, Jap = 10.9 Hz), 4.36 (2H, d,
J=4.5Hz),3.75 (14, t, J= 6.4 Hz), 3.63 (4H, 5), 3.35 (12H, brs), 3.17 (1H, dd, /=144,
7.2 Hz), 3.10 (1H, dd, J = 14.5, 7.5 Hz), 3.04 (8H, brs). HRMS calcd for C35HagN3Og
(M+H): 725.3617. Found: 725.3627.

Example 27

2-({2-[({N-[(4-{[(2R)-2-amino-3-(4-
hydroxyphenylpropanoylaminooxy]methyl }phenyl)methyl]carbamoyl jmethyl){2-
[bis(carboxymethyl)amino]ethyl}amino]ethyl}(ca:boxymethyl)amino)acetic acid,

trifluoroacetic acid salt
Q.
COzH o
4 Ga UT 1
N,\/N FiC” “OH

cozn
HO,C._.N._.COH

Part A — Preparation of (2R)-2-[(tert-Butoxy)carbonylamino}-3-(4-hydroxyphenyl}-N-
({4-[(prop-z-cnyloxycarbonylamino)methyl]phenyl}mcthoxy)propanamide

QL
BatN" ™ ‘0’\©\/
Q NHAlloc

Prepared as described in Part 20C, using Boc-DTyr-OH (33 mg, 66 pmol; 7.8%).
*H NMR (DMSO-ds, 600 MHz): § 11.14 (1H, 5), 9.14 (1H, s), 7.76 (1H, t, /= 6.0 Hz),
7.27 (4H, ABq, Jap = 7.9 Hz), 7.00 (2H, d,J = 8.2 Hz), 6.93 (1H, d, /= 8.5 Hz), 6.64
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62 100 27 63 100 28 64 100 Exanple 65 Ex-Vivo Bl ood Vessel Binding Assay
Aorta bearing atherosclerotic plaque was obtained from New Zeal and white
rabbits that were ball oon stripped along the abdom nal aorta and pl aced on
a high fat diet 5 (0.5%chol esterol) for 16-22 weeks. Vascular injury was
produced with a 4-F Fogarty catheter along the abdom nal aorta and right

iliofenmoral artery. This procedure generates a I ed % | esion
devel opnent witth da/ T B3RS K1 ¢ide J%oVe{’éh"’b@?Qz}' Sgg&ﬁg %éa% lfgnﬂaﬁa ts.
53001 abel o0 SoeREan a1l dhod T raethara Ul ot el ne (460" L) for 2
-1 abel ed_conpoun iluted in osphat e n or
hat 37.C 10HPhA 18 (@i 470 A4 éﬂ‘gﬁgyﬂv?;%gé%&gy"ﬁﬂt%%%’ Jssay
conmpound st abiriMYealciTer ¢LISSND,0Q6MH): 672783, Fhend: sEMetl wi th phosphate
buffered saline (3 x 10 nmL), then resuspended (10 nL) and incubated at 37 C

an addi g i Oagl P%rt B—PTmaﬁ]g:p@ﬂ(Jlay-mr{m-@mﬁ%dnkwryl)pmm}meihoayhé-[mshihng pr ocessf
repeated and the tissue fin count n a gamme. caunter, The amount o
conpound bounB“t%y)‘fﬁﬁ@“f']ia’"s“wg'3?%3“88’9@?%&8@"?%’"& “perten 1§aaelt 150f the
initial activity according to,the following fornmula: Counts bound to tissue
% Ti ssue Uptake - X 100 Tot al nts in test tube The data for

per cent age conpound bound to pl ajug-hearing aorta (i)s collected in Table 3.

N
BocHN 0
0 e o

Prepared as described in Part 20D (16.9 mg, 36.6 pmol; 59.0%). 'HNMR

10 Ja=7.7Hz),7.00 (2H, d, J = 8.1 Hz), 6.93 (1H,d,J= 8.3 Hz), 6.64 2H,d,J=7.9
Hz), 4.68 (2H, ABq, Jap = 10.9 Hz), 3.97 (2H, 5), 3.91 (1H, AB, Jas = 8.0 Hz),2.73
(1H, dd, J = 13.7, 5.9 Hz), 2.66 (1H, dd, J = 13.3, 9.2 Hz), 1.33 (9H, 5). HRMS calcd
for CasHaoN;Os(M+H): 416.2180. Found: 416.2183.

Part C — Preparation of tert-Butyl 2-[(2-{[(N-{[4-({(2R)-2-{(tert-butoxy)carbonylamino]-

15 3-(4-hydroxyphenyl)pmpanoyiaminooxy}methyl)phenyl]methyl}carbamoyl)methyl][Z-
(bis{[(tert-butyl)oxycarbonyl]methyl}amino)ethyl]amino}ethyl){[(rert-
butyl)oxycarbonyl]methyl}amino]acetate

ey

P .
Bc,cHN/\I';Jl,N.o/\©\/n '!],COZI Bu
\H/\N/\/ ﬁ
O

Co:t'Bu
1+-Bu0,C_N._.COz-Bu
Prepared as described in Part 20E. LRMS: 1016.0 (45, M+H), 458.6 (30, (M-
20  Boc)+2H).
Part D — Preparation of 2-({2-[({N-[(4-{[(2R)-2-amino-3-(4-
hydroxyphenyl)propanoylaminooxy)methyl} phenyl)methyl]carbamoyl}methy1){2-
[bis(carboxymethyl)amino]ethyl }amino]ethyl} (carboxymethylamino)acetic acid,

trifluoroacetic acid salt
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Tabl e 3: Ex-vivo bl ood vessel binding data exampl e # % bound 37 12
19.1 39 15.8 40 7.2 41 28.7 J i ’ 8 98

RGN
o]

H H
: N. CO-H
HZN/I o/\@\/n N( 2 FCJLOH
D O I T
(o]

COH
HO,C._N._.COH

Prepared as described in Part 20F. 'H NMR (DMSO-d;, 600 MHz): & 11.54 (1H,
s), 9.37 (1H, brs), 8.95 (1H, t, /= 5.3 Hz), 8.32, (1H, brs), 8.28 (1H, brs), 7.30 (4H,
ABq, Jap = 8.2 Hz), 7.00 (2H, d, J= 8.2 Hz), 6.72 (2H, d, J = 8.6 Hz), 4.64 (2H, ABq,
S Jas =109 Hz),4.36 (2H, d, J = 5.9 Hz), 4.26 (2H, 5), 3.66 (2H, brs), 3.66-3.39 (9H, m),
3.41-3.36 (4H, m), 3.06 (4H, t, /= 5.6 Hz), 2.88 (2H, d, /= 7.6 Hz). HRMS calcd for
C31HaaNgOy2 (M+H): 691.2936. Found: 691.2944.

Example 28

2-{[2-({[N-({4-[((2R)-2-amino-3-(3-
10 pyridyl)propanoyiaminooxy)methyi]phenyl}methyl)carbamoyl]methyl} {2-
[bis(carboxymethyl)amino]ethyl}amino)cthyl](carboxymethyl)amino}acetic acid,

BN

o
HN;\R,H.O COH 0
AL L
o) N\ﬂ/\Nx\,N\' FaC™ "OH
)

COH
HO,C._ N._-CO:H

trifluoroacetic acid salt

Part A — Preparation of (2R)-2-[(tert-butoxy)carbonylamino]-N-({4-[(prop-2-
15 enyloxycarbonylamino)methy!jphenyl Ymethoxy)-3-(3-pyridyl)propanamide

-
G
T H
BocHN ’\I(N‘O’Q/
8} NHANloC

Prepared as described in Part 20C, using Boc-DPya-OH. LRMS: 485.6 (100,
M+H).

Part B — Preparation of (2R)-N-{[4-(aminomethyl)phenyl]methoxy}-2-[{ter:-
20  butoxy)carbonylamino]-3-(3-pyridyl)propanamide, formic acid salt
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Prepared as described in Part 20D (151 mg, 0.338 mmol; 79.9%). LRMS: 401.6
(100, M+H).
Part C - Preparation of ters-Butyl 2-[2-{[(N-{[4-({(2R)-2-[(tert-butoxy)carbonylamino]-
3-(3 -pyridyl)propanoy]aminooxy}methyl)pheny]]methyl}carbamoyl)methyl][Z-
(bis{ [(tert-butyDoxycarbonylJmethyl }amino)ethyljamino}ethyl){[(ters-
butyl)oxycarbonyl]methyl}amino]acetate

L

=3
Y
B“’:HNWN\O/\@\/H t/GO;I-BU
[0 N\n/\N/\,Nﬁ
(s)

CO;“BU
t'BUOzCVNVCO;’t'BU
Prepared as described in Part 20E. LRMS: 1001.0 (75, M+H), 501.2 (100,
M-+2H).
Part D - Preparation of 2-{[2-({[N-({4-[((2R)-2-amino-3-(3-
pyridyl)propanoylaminooxy)methyl]phenyl}methyl)carbamoyl] methyl}{2-
[bis(carboxymethyl)amino]ethyl}amino)ethyl](carboxymethyl)amino}acetic acid,

trifluoroacetic acid salt
“
N

Y
" N”?j(n‘o COH )
e U
o] N\[(\N/\/Nj FaC OH
[e]

COsH
HO,C-_N._.CO:H

Prepared as described in Part 20F (3.3 mg, 3.2 pmol; 1.8%). 'H NMR (DMSO-
ds, 600 MHz): & 11.64 (1H, s), 8.95 (1H, t, /= 5.8 Hz), 8.52 (1H, d, /= 5.0 Hz), 8.38
(2H, brs), 7.81-7.76 (1H, m), 7.38-7.26 (6H, m), 4.69 (2H, ABq, Jap =1 1.6 Hz), 4.37
(2H, d, J = 4.7 Hz), 4.27 (2H, s), 4.07 (1H, t, J = 5.9 Hz), 3.64 (8H, brs), 3.39(4H, t,J=
5.7 Hz), 3.19 (2H, d, J= 7.1 Hz), 3.06 (4H, 1, J= 5.9 Hz). HRMS calcd for C3oHaN-Oyy
(M+H): 676.2937. Found: 676.2940.
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Examples 29-36
Synthesis of Gadolinium Complexes

The following procedure is representative of the fashion in which gadolinium
complexes of the aforementioned examples are prepared. Yield and characterization data
are provided in Table 1.

A solution of the product of Example 2 (24.3 mg, 23.3 umol) in Milli-Q H;O
(466 pL) was treated with GdCl3 (7.4 mg, 28 pmol) in one portion at 22 °C. The pH of
the solution was adjusted to 5-6 with aqueous NaOH (933 uL ofa 0.1 M solution); direct
HPLC analysis of the reaction mixture using a pH 7 mobile phase indicated
complexation was complete. The solution was diluted with 15 mM NH;OAc (5 mL) and
directly purified by HPLC on a Phenomenex Luna C18 column {21.2 x 250 mm) using a
1.0%/min gradient of 0-30% MeCN at a flow rate of 20 mL/min; 5 mM NH4OAc was
employed as the aqueous component. The main product peak eluting at 19 min was
collected and lyophilized to give the title compound as a microcrystalline solid (15.5 mg,
18.2 pmol; 77.8%).

Table 1. Characterization data for Examples 29-36

precursor .
. yield HRMS
example (;i ::::: #l;‘ (%) LRMS (ES]) (calcd. for; found)
29 1 51 1687.1 (21, 2M+H), 1265.3 (20, CazHayyGdNO ) (M+H)
3M+2H), 843.8 (100, M+H) 8442147, 844.2140
C34HasGdN7 Oy (M+H)
30 2 78 855.6 (100, M+H), 428.5 (24, M+2H) §55.2671; 855.2681
31 23 64 1614.1 (12, 2M+H), 807.6 (100, M+H), C0H4sGAN,Oy (M+H)
403.5 (45, M+2H) 807.2671; 807.2678
12 21 43 1320 (27, 3M+2H), 880.3 (100, M+H), CisHa GANOyy (M+H)
4417 (72, M+2H) 880.2147; 880.2155
C37HGdN; O (M+H)
33 24 16 891.6 (79, M+H), 736.8 (100), 369.0 (54) 891.2671: 891.2677
4 20 69 1591.9 (15, 2M+H), 796.5 (100, M+H), CysH, GdNGD {(M+H)
398.9 (55, M+2H) 796.2147; 796.2148
35 25 55 880.7 (21, M+Na), 869.1 (100, M+H), Cy;H6GdAN, 0y (M+H)
435.8 (25, M+2H) £69.2100; 869.2099
36 26 15 1759.2 (10, 2M+H), 880.7 (100, M+H), CysHasGdNgOy (M+H)
440.0 (35, M+2H) $80.2623, 880.2625

Examples 37-64
Synthesis of ['**Gd)Gadolinium Complexes

The following procedure is representative of the fashion in which gadolinium
complexes of the aforementioned examples are prepared. Radiochemical purity values

for each complex are provided in Table 2.
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63 11.7 Exanple 66 In-Vivo ApoE Mouse Aorta Uptake Studies The

apol i poprotein E (ApoE) knockout nouse is a nodel of 5hyperchol esterolem a
t hat devel ops atherosclerotic |lesions in the brachiocephalic artery, the
aortic arch and the abdom nal aorta. Mce were fed a high-fat diet to
accel erate plaque formati on and conpounds were tested in the mce between
35-42 weeks on diet. Test conpounds were m nic(syterf?d at1 ?6’,%;%“411 nCifkg to
anest heti zed ni ce Usinga legdrifickled pigl g soipvg eqredyrtef Examplaf (088 Bl ood
sanpl es were gld achied oW M N® AR BSRRALY R e ith IFIGAYOATI; (Mjpeatfiaon f or
phar macol ci netic ‘anal ysis and m ce were euthani zed by CO2 at 60 mn for
tissue harvestldnpCi/Theolaimtin0dasHEN inenefropionabi22niG: e x1al was RPYISIREL he | ef t
ventricle exiti i a i ; ke (Ra@pdtht 0 t he
Fanal ' bi f ur cat PR Sy Pl Wi i LA R e bR e

(bl ood, nuscl gd thdinmeined kchitin dter duiolieg to@2 *Aea 2hidagliquotiveanmgmovedpidboduct i ve
organ, lung, sp|ee Lphnoninate arter . I : i.ghed and
assayed for r%’glyéﬁymél& N rgkcé)'?pzet‘aecﬁ(OB)rﬁergg@Idhg?@Bﬁﬁtéagﬁﬁggﬁ% i nj ect ed
dose per gramned pirifed bg HPYC Bhg)Phermienex Qgrirwkib C1&eniuran ¢ HPBonm} vsingds and

aorta to heart _ratios are su b @g Takl&indvith BRESondsint Rife OUSe aorta
upt ake, aort a%‘ﬁé"g?‘f‘ erafisnL o m{’ 5‘('23 (rlg'glI 0S8 exanpl e # aort aé\%t ake (%D g)
aorta: heart apiRaa:4al DG @70 nm) modules; 25 mM NH,OAc was employed as the aqueous
10 component. Product-containing fractions were collected, concentrated under reduced
pressure and analyzed using the aforementioned method to determine radiochemical
purity.

Table 2. Characterization data for Examples 37-64

precuTsor Example # % RCP
(as shown in Example #)

1 37 100
2 38 100
3 39 100
4 40 100
5 41 95.0
6 42 98.7
7 43 99.1
8 44 96.6
9 45 99.3
10 46 74.5
11 47 96.3
12 48 68.2
13 49 100
14 . 50 100 .
15 51 100
16 52 95.4
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10.41.4 16.2 4.2 38 11.60.8 20.5 5.5 39 6.10.4 13.6 11.4 40 3.60.3 8.4 3.4
41 2.00.1 20.4 7.2 42 8.11.1 18.0

17 53 80.0
18 54 100
19 55 100
20 56 100
21 57 96.9
22 58 98.8
23 59 94.5
24 60 100
25 61 100
26 62 100
27 63 100
28 64 100
Example 65

Ex-Vivo Blood Vessel Binding Assay

Aorta bearing atherosclerotic plaque was obtained from New Zealand white
rabbits that were balloon stripped along the abdominal aorta and placed on a high fat diet
5  (0.5% cholesterol) for 16-22 weeks. Vascular injury was produced with a 4-F Fogarty
catheter along the abdominal aorta and right iliofemoral artery. This procedure generates
an accelerated complex lesion development with a lipid rich core covered by a fibrous
cap in rabbits. Harvested aorta sections (0.5 cm) were incubated with 0.135 pCi of
153Gd-labeled compound diluted in phosphate buffered saline (450 uL) for 2 h at 37 °C,
10 The supernatant was removed and analyzed by HPLC to assay compound stability. The
tissue section was then washed with phosphate buffered saline (3 x 10 mL), then
resuspended (10 mL) and incubated at 37 °C an additional 1 h. The supernatant was then
removed, the washing process repeated and the tissue finally counted on a gamma
counter. The amount of compound bound to the tissue was determined as a percentage

15  of the initial activity according to the following formula:

Counts bound to tissue
. % Tissue Uptake =.. == - X 100.
Total counts in test tube

The data for percentage compound bound to plaque-bearing aorta is collecied in
Table 3.
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Table 3: Ex-vivo blood vessel binding data

example # | % bound
37 12.8
38 19.1
39 15.8
40 7.2
41 28.7
42 17.9
43 27.1
44 273
45 14.4
46 0.9
47 6.6
49 9.1
50 242
52 6.9
57 30.6
58 7.3
59 5.2
60 30.9
61 19.9
62 17.1
63 11.7
Example 66

In-Vive ApoE Mouse Aorta Uptake Studies

The apolipoprotein E (ApoE) knockout mouse is a model of

5  hypercholesterolemia that develops atherosclerotic lesions in the brachiocephalic artery,

the aomc arch and the abdommal aorta. Mice were fed a hlgh fat dlet to accelerate
plaque formanon and compounds were tested in the mice between 35 42 weeks on diet.
Test compounds were administered at 0.3-0.4 mCi/kg to anesthetized mice in a single,

bolus injection via the tail vein. Blood samples were collected via the tail between 0-30
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2.50.5 5.3 1.2 55 3.02.3 8.8

min post injection for pharmacokinetic analysis and mice were euthanized by CO; at 60
min for tissue harvesting. The aorta was first flushed with saline through the left
ventricle exiting via the femoral vein then removed from the heart to the renal
bifurcation; additional biological samples were also collected (blood, muscle, liver,

5 kidney, bile, urine, heart, femur, reproductive organ, lung, spleen and innominate artery).
All samples were weighed and assayed for radioactivity; uptake is expressed as a
percentage of injected dose per gram of tissue (%ID/g). Aorta uptake, aorta to blood

ratios and aorta to heart ratios are summarized in Table 4.

Table 4. ApoE mouse aorta uptake, aorta:heart and aorta:blood ratios

aorta uptake
example # 4ID/g) aorta:heart | aorta:blood
37 10.4£1.4 16.2 42
38 11.61+0.8 20.5 5.5
39 6.1+0.4 13.6 114
40 3.6:03 84 34
41 2.0+0.1 204 7.2
42 8.1£1.1 18.0 8.0
43 6.0£1.7 9.0 2.7
44 8.41+0.2 12.5 32
45 9.0+0.2 12.1 2.1
46 0.940.2 4.9 1.1
47 4.7+0.4 4.8 0.7
49 4.940.2 22.9 5.5
50 10.4+2.4 13.5 3.7
52 6.111.2 9.2 20
53 1.540.1 42 0.8
54 2.540.5 53 1.2
55 3.0823 8.8 1.0
56 gs+18 212 S5
57 11.1+0.3 17.8 5.0
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1.0 56 8.51.8 21.2 5.5 57 11.10.3 17.8 5.0 58 6.10.2 17.9 6.5 59 8.21.3
15.4 3.7 60 18.42 4 25.2 9.8

58 6.1+0.2 17.9 6.5

59 8.2+1.3 154 3.7

60 18.4+2 4 25.2 9.8

61 19.310.2 20.4 10.9

62 11.8+1.4 222 5.7

63 8.7£0.4 13.0 6.0
Example 67

In-Vivo Rabbit Aorta Uptake Studies

Atherosclerosis was induced in New Zealand White male rabbits (3 kg) with
aortic balloon endothelial injury (vide supra) followed by feeding a 0.5% cholesterol diet
5  for 22 weeks. Test compounds were administered at 0.01-0.05 mCi/kg to anesthetized
rabbits in a single, bolus injection via the marginal ear vein. Blood samples were
collected from the central ear artery at 0, 2, 5, 7, 10, 15, 30 and 60 min post injection.
Rabbits were euthanized at 60 min post injection for tissue harvesting (blood, muscle,
bile, urine, kidney, liver, spleen, heart, lung, colon, small intestine, stomach, testes and in
10 some cases, sternum, ligament and right ear). Abdominal aorta (upper, middle, and
lower) and left and right femoral arteries were also collected. All samples were weighed
and assayed for radioactivity; uptake is expressed as percentage of injected dose per
gram of tissue (%ID/g). Aorta uptake, aorta to blood ratios and aorta to heart ratios are
summarized in Table 5; a comparative analysis between plaque bearing and non-plaque

15  bearing rabbits is also provided.

Table 5. Rabbit aorta uptake, aoria:heart and aorta:blood ratios

plaque rabbit control rabbit
example # aprta aorta
(%ID/g£SD) aortacheart | aorta:blood (%ID/g£SD) aorta:heart { aorta:blood
37 0.087+0.010 4.6 2.1 - - -
33 0.10320.002 5.1 24 0.19610.023 i1.0 5.1
60 0.108£0.012 4.0 24 0.187+0.022 6.4 3.8
62 - - - 0159 64 32
Example 68

In Vivo Rabbit Aorta MR Imaging
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61 19.30.2 20.4 10.9 62 11.81.4 22.2 5.7 63 8.70.4 13.0 6.0 Exanple 67
In-Vivo Rabbit Aorta Uptake Studies Atherosclerosis was induced in New
Zeal and White nale rabbits (3 kg) with aortic balloon endothelial injury
(vide supra) followed by feeding a 0.5% chol esterol diet 5 for 22 weeks.
Test conpounds were adm nistered at 0.01-0.05 nCi/kg to anesthetized
rabbits in a single, bolus injection via the marginal ear vein. Blood

ggrml SSG\gH e coll %h@sscie&&mwag%d%eéumaiew%maﬁwana/maug rambizsz(g By with 10, 15,
an m n post injection. Rabbits we eut hanj ze ) i n st

i nj ection for 29Misaligohendoheis! ngé%ﬂ?mﬁwﬁé‘w@y Fyding ﬁ?%éhwﬁte&‘ﬁ%ﬁt liver,
spl een, heart forlzllzl%eksmlseﬁves éﬁBﬁliﬁjebtmneﬁhg'eggxgreﬁ:@m&hTheIrﬁ&iileﬁasalﬂEﬂ [ ndéf) sone
cases, sternum |igament and right_ear). nal. aarta (u r, ni e,
and | ower) andygclse Vit et W“&Qt‘“q‘&ﬁnﬁéﬁmg&?%%f‘f (gglm\ri\l? Y s ’éaéé]'f’)"’z@#e" oA
sanpl es wese weiigReA adfte@aSpMeREd e inRALBAANIMbdey werdptRKed b EXpsingsed as
percentage of injected dose ger ?ran1of t.i ssye &%%@?&%% Aorta g$take, aorta
to bl ood rati &823M0 fgkhaf Yiepn 23006716 Paffiy pungs Hack THOEHPPIESSPAIE 5 o
conpar ati ve apehYtidAMRRI idredel 6f leRAvd iRggeiREndYiin (e aorte(rihpoiRped Ny

;g?? :at E| Iozda:. gt?chée \éé@gg%ﬁgltgglo?ﬂy%ﬁeﬁﬁlﬁggiém ga%p ealml’sli etsaair(eeﬁrm?iggdt 1%13?88{ t and

10 It will be evident to one skilled in the art that the present disclosure is not limited
to the foregoing illustrative examples, and that it can be embodied in other specific forms
without departing from the essential attributes thereof. It is therefore desired that the
examples be considered in all respects as illustrative and not restrictive, reference being
made to the appended claims, rather than to the foregoing examples, and all changes

15  which come within the meaning and range of equivalency of the claims are therefore

intended to be embraced therein.

What is claimed is:
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In Vivo Rabbit Aorta MR Imaging Atherosclerosis was induced in New Zeal and
Wiite male rabbits (3 kg) with aortic ball oon endothelial injury (vide
supra) followed by feeding a 0.5% chol esterol diet for 22 weeks. A series
of pre-injection inmages were acquired. The rabbit was then injected with
test conmpound (i.e., Exanple 31) at 0.1 mmol/lcg via the marginal ear vein
5and i mages acqyi f i £ ime intervals. Al imges were acquired
at 4.7 T uzl‘ ng gincﬁ%gggﬁfgﬁ]ﬁgﬁ,gdlogfpggn%i ew, 256 x 256 matrix using a black

bl ood, fl ow suppresseddopFermalH{, net hod. A marked increase of relative

I mage intensity in the aorta (ring-siaged structure) was observed shortly
after injection; sanple inages are DZ%IE edRrR*n FIG 1. 10lt will be evident
to one skilled in the art that tff@¥regent®dis llaosure is not limted to the
foregoing illustrative exanples, and tHat it cg * be enbodi ed in ot her
specific forms w i BRI ereBsSeNtial attributes thereof. It
Is therefore de\gﬁgﬂé%ﬁ%tﬁ@%ﬂga@gﬁpl es be considered in all respects as

i1 lustrati weheseiat not restrictive, reference being made to the appended
clainms, rather than _kqskhé §q)rr@90i ng exanpl es, and all changes 15 which
cone within the meaning and range of equival ency of the[\ | ai ar e
therefore intended t&' Béyér@eme&ul,ﬂm}giwlawla V’éryé’}“@f’r?i‘f?xp’ : l]’_il.A

di agnosti c agent, co i sing: I38is(NL bt leiBE ofSRHs g (R1 ) . X
0 or a pharmace YCEOS‘&I%oggggg?ggﬁg@%?qgﬁi?ﬁ@m}ﬁerei n: Xis N 0, S, or
P; : R? and R can be the same or different and are hydrogen, alkyl, alkenyl,

cycloalkyl, alkylaryl, alkylcarbonyl, aryl, arylalkyl, alkylarylalkyl, alkoxy,
alkoxyalkyl, alkoxycarbonyl, heteroalkyl, heterocyclyl, heterocyclylalkyl, or

carbonyl; and

R*is alkyl, alkenyl, cycloalkyl, alkylaryl, alkylcarbonyl, aryi, arylalkyl,
alkylarylalkyl, alkoxyalkyl, alkoxycarbonyl, heteroalkyl, heterocyclyl, or
heterocyclylalkyl; | '

wherein each R!, R?, R?, and R* is unsubstituted or substituted with one or
more of the following; alkyl, alkenyl, cycloalkyl, alkylaryl, alkylcarbonyl, aryl,
arylalkyl, alkylarylalkyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, heteroalkyl,
heterocyclyl, or heterocyelylalkyl, -NR'’R™, -SH, -S(Pg), -OH, -PRVR%, -
P(O)R?'R%, -CO-H, =0, halo, trifluoromethyl, cyano, -COR®, -C(=O)RY, -
C(=0)N(R*),, -CHO, -CH,OR™,

LOC(=0)R*, -OC(=0)OR*, -OR*, -OC(=0)N(R>),, -NR*C(=0)R*, -
NR¥C(=0)OR?, -NR¥C(=0)N(R**),, NR*SO,N(R™),, -NR*SO,R*, -SO3H, -
SO.R® SR?, -S(=O)RY, -SONR™)z, NR™)z, “NHC(=S)NHR?*, =NOR?, NO,, -
C(=0)NHOR?, -C(=0)NHN(R*)2, -OCH,COzH, 2~(1-morpholino)ethoxy, or a
chelator moiety;

R" and R are each independently selected from hydrogen, Cj0alkyl
substituted with 0-3 R%, aryl substituted with 0-3 R%, Cs.iocycloalkyl substituted with
0-3 R, heterocyclyl-Cy_ioalkyl substituted with 0-3 R”, Cs.1oaryl-Cy-ioalkyl
substituted with 0-3 R® , and heterocyclyl substituted with 0-3 R23;

R2 and R* are each independently selected from -OH, C;.jpalkyl substituted
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Rl is hydrogen, alkyl, alkenyl, arylalkyl, allcylarylalkyl, alkoxyal kyl,
heteroal Il cyl, or heterocyclylal kyl, provided that when X is N, at |east one
Rl is H R2 and R3 can be the sane or different and are hydrogen,

al kyl, al kenyl, cycloallcyl, alkylaryl, alkylcarbonyl, aryl, arylallcyl,

al I cyl aryl al kyl, al koxy, all coxyal kyl, allcoxycarbonyl, heteroallcyl,

het erocycl yl, heterocyclylal kyl, or carbonyl; and R4 is al kyl,
al kenyl, cycl oalwlnﬁxob rE Isawlltute@suﬂybgq#b@m{cyclamm subfidihedl wigyd-3 RZ,
aIIcyIaryIaIkyI coxyal | cyl alkoxycarbonﬁ heter oal | cyl heterocyclyl,

or heterocyclyl thP@yyolyl%etrﬂ@thvé’&‘éWeﬁmthﬁ? RERCs-anl-Goaoalleyl swhstiBded with ed or

substituted w t R 308 QK LBk épil Saﬁgmftéal‘;ﬂ% ag23.al kyl, allcenyl, cycloalkyl,
al lcylaryl, alkylcarbon§n ar l'al lcyl, alk IaryIaIIcyI alkoxy
yis

al koxyal kyI al koxyc%ﬁcb mdhlé@é‘? |selegtpd ﬁm?t—@r @19&1§1P0r0@r3thy1 cyano, -
heterocyclylalk g@%@ 20(. 2422,
CO2H, =0, hal o, t r| f1 lj@(gl’ onet hy?sjé)Nggérﬁ’%HgOZC%ﬁO : été%% RN(’ R24) 2,

-CHO, - CH2OR24, GO(W@{ 4 FRIGEONRE qmmm)zm 42 -
;@mm@sﬁza&ﬂ%%ﬁm fgpspa ol w*w@z%%ma@;@ﬂ@ﬁ% o

Ni n_s) NBR24, , zmHC(HsmHRZ“@(NQ Nmzﬂ(—ommﬁ KR IENRDGH2 CO2H,

2. 0o ehols ol ektymcr et BT Lol A TR BASORRECt 5 s
aryl substitut egbyaohlﬂtyﬁzeﬂlym,ﬁal@ma&gl asl supktitated stihtoud RY, mdthte@ecSrclEiES
Subst i tuted wi th 0- bR s ipEeraserst menyeren: BBk SRl
and Rn are eachamgmgmgmgmﬁﬂkmyﬁa@p@h&mqnﬁgﬁmmguuqﬁhgbggb&&kyﬁmﬁst|tuted
alkoxycarbonyl, heteroalkyl, heterocyclyl, heterocyclylalkyl, or carbonyl;
Pgis a thiol protecting group; and
n’ is an integer from 1-3,
wherein the compound of Formula (I) comprises at least one chelator moiety;
and
an imaging agent bound to the at least one chelator moiety, and
wherein at least one of Rl, RZ, R3, or R* is substituted with the at least one

chelator moiety.

2, The diagnostic agent of claim 1, wherein the imaging agent is an echogenic substance,
an optical reporter, a boron neutron absorber, a paramagnetic metal ion, a
ferromagnetic metal, a gamma-emitting radioisotope, a positron-emitting

radioisotope, or an x-ray absorber.

3. The diagnostic agent of claim 2, wherein the imaging agent is a paramagnetic metal
ion.

4. The diagnostic agent of claim 3, wherein the paramagnetic metal ion is optionally
Gd(II).
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0-3 R23, aryl substituted with 0-3 R23, C340cycloallcyl substituted

0-3 R23, heterocyclyl-CnoaLkyl substituted with 0-3 R23,

atyl- Cmoal kyl substituted with 0-3 R23, and heterocyclyl substituted

0-3 R23; each R23 is independently selected from =0, halo,

| uor onet hyl, cyano, - CO2R24, -C(=0)R24, -C(=0)N(R24)2, -CHO -CH20R24,
-0C(=D)R24, -0C(=0)0R24, - OR24, -0C(=O N(R24)2, _NR24g_ow24, NR24C(=0) 0R24,

- _NR24C(=0) N R24)Ro dia ANR1R0, wAIRAA BO3Rading o080 o SARRiting SR24,
-S(=0) R24, -S02N(R24) 2, (R24) 2, . - NHC(=S) NHR24,  =NOR24, -

- O =0) NHOR24, - RliaispaRIORDoS)ton-Gmittingadisqtons. Selfcfﬁ%wﬂilerﬁf?‘& H¥igting of

G -sal kyl, C24ahkgrgd, 4¢3, Q@éc%g%lahgw(,}d.& 6cycl oal kyl met hyl ,

C2_6al koxyal kyl, aryl 'substituted with 0-2 R24, and heterocyclyl;

each R24 is independently sel ected from hydrogen, allcyl, allcenyl,

eyel oal kyl ¢ al ky k@?ﬁénosﬁé ﬁ)ﬂ SRLBR Q}'\Lrherélﬁl'ﬂe’dlé?g'n&tﬁ:l %Eﬁflhas @éﬂ'&ﬂr@-ﬁe‘!’éc?édl cyl,

al koxy, alkoxyal carbonyl, heteroalltcyl eterocycl yl

het er ocycl yl al k{rbmtbfrgrewbtmayshngcrfg is athiol protecting group; ‘and n' s

an integer from 1-3, inh the conpound of Formula (1) conprises at | east

one chel ator noiety; |magi ng agent bound to the at |east one

chel ator noiety, and erein at |east one of 11.8, R2, R3, or R4 is

substituted with the at Ieas rHa at or noiety. %/[Q'he di agnosti c -agent

of claim1, wherein the imlin a&ent ary echog’émﬁe(s‘llbstance an optical

reporter, a boron neutron absoFber, a~FAramagpetjC /‘arlomn

ferromagnetic netal, a ganmma- emtti ng radioi Sope éron emtting

radi oi sotope, or an x-ray absorber. 3. The di agr\l\m# ent of claim 2,

wherein the imagi ng agent is a paranmagnetic netal . 4. The di agnosti c

agent of claim 3, wherein the paranmagnetic net nis optionally GJd(111).

5. The di agnostic agent of claim?2, wherein the inmaging agent is a

gama-en tting radi oi sotope or positron-emtting radioi sotope selected from

the group consisting of 111h4 62 -u, 64CU, 67Ga, "Ga, and 153od.

W th
Wi th
C6 10
W th
trif

Ph
. ;
HN N0 H(o
2 /\(f)f /\Q\/RW(\Q%O
O’f\’_’;?dwi%o
pe
Ph
j\j ; H CH
~a 3
NN VoA R L
PSS
0 T\,‘”“J
Olo :
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6. The di agnostic agent of claim2, wherein the diagnostic agent has a
structure selected fromthe group consisting of: 0 7. A nethod of
detecting, inmaging, and/or nonitoring a patient conprising the steps of:
adm nistering to the patient a diagnostic agent of claim1; and acquiring
an image of a site of concentration of the diagnostic agent in the patient
by a diagnostic imging technique. 8. The nethod of claim?7, wherein the
met hod conprises detecting, inmaging, and/or toring elastin-rich tissues
in a patient. 9. The netgod of claim?7, mhereLn t he met hod conpri ses
detecting, inmaging, and/o nDnltorlng the presence{pf coronary pl aque,

carotid plaque, iliac/f aque a ‘”hge “ofe rtery plaque,
pl aque of any arterial scutitos, ot i seases of the

arterial wall, and/or uctura changes in |liganents, uterus,
lungs or skin in a pa @ di agnostic agent of claim1, wherein X
is oxygen. 11. The dlagnos i ent of claiml1l, wherein Xis nitrogen. 12.
The di agnostic agent of clai mhereln X is nitrogen; Rl is hydrogen,

al kyl, aryl al kyl, or alkylar§4 R2 and R3 can be,the sane or

different and are hydrogen, alkyl, aIkyIaryI, aryl, arylallcyl,

al kyl aryl al kyl, or heterocyclylalkyl; R4 is allcyl, alkylaryl, aryl,
aryl al kyl, or aIkyIaryIaIkyI whgdein each R, R2, R3, and R4 is
unsubstitutecl or substltute7'§§?% one or

7. A method of detecting, imaging, and/or monitoring a patient comprising the steps of:
administering to the patient a diagnostic agent of claim 1; and
acquiring an image of a site of concentration of the diagnostic agent in the patient by a

diagnostic imaging technique.

8. The method of claim 7, wherein the method comprises detecting, imaging, and/or

monitoring elastin-rich tissues in a patient.
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nore of the follow ng: alkyl, allcenyl, cycloallcyl, alkylaryl,
all cyl carbonyl, aryl, arylallcyl, alkylarylallcyl, alkoxy, alkoxyallcyl,
al koxycarbonyl , heteroallcyl, heterocyclyl, or heterocyclylal kyl, - NR R20,
_SH,_OK pRI9R20, P(0)R21R22, -CX2H, =0, halo, trifluoronethyl, cyano,
-02R24, -C(=0)R24, - C(=0)N(R24)2, -CHO -CH20R24, -0C(=0)R24,
-0Cfr--0)0R24, -0R24, -0C(=0)N(R24)2, - NR249=0) R24, NR24q=0) OR24, -
NR24C&ONAR®4) 2, Thé metBdd of clédiBhlwhereit thbmSBINCcHEHIses detddRag dndging 2mder - SR24,
-s(=0) R24, -so2N(R2 - NR24) 2 NHR2 g=0) NHOR24,
_c(=0) NHN( Re4) 2™ Wor Q%ﬂmﬁen f|°ﬁwa%wlaqvw@f1ﬂmue ﬁlﬁcfée%m P noi et y:
R19 and R2 are e@ﬁbplaqute&aﬂm acu8] EGRf Ak ehmdfegsgpaneuﬁsiﬁabds&nins
substituted with O R23, ary fylsﬁluqult fﬁ% ed WIB?{I’? 0-3 R23 Cnocycl oal kyI

substituted wit ﬁther %Sep&ﬂsof %ﬁ%?r&éyf@ﬂwnd@&ewwwr §%§ﬁ1t°b%%as mlea?n@nts, R23,
C6hoar yl - C1. 10abieyis, 1ahR%h bitit ifflpaMehd O0- 3 R23, and heterocyclyl substituted
with 0-3 R23; R21 and are each i ndependently sel ected from-CH,
Cmoal | cyl substituted with 0-3 R23, aryl substituted vvlth 0-3 1(23,

C340cycl oalyyl clyl-G . thal kyl
substi t ut eo}t%vl tgﬂ%&%@ﬁ@&ﬂ%@ﬂﬁ ‘%ﬁ&éﬁ/a%&%ésé%stl t ut ed with 0-3 R23,

and heterocyclyl substl tuted with 0 3 R23; each R23 is independently
sel ected fregm =@ CO2R24, -(C(=0)R24,
> S 20) N ReAYS. Ei%%gﬁitz#ﬁétﬁ%g{é? ‘%%‘%iﬁ‘ﬂgmg%?’58’}om4 L 01(24,

-00(=0) N(R24) 2, - NR24C(=0) R24, -9%-.24- NK U(=))OR24, - NR24s02N(R2) 2,
_NR24s02- 2 £ S(=0) R24 -S2N(R252, - N(R24) 2,
~NHC( =S) NHRZ4, %%ﬁﬁ%"’ﬁ?ﬁz\%é °fé?§%£} - C(=D) NHN( R24) 2, - OCH2COZH,

2- ( 1- moi phol i no) et haXys nifdpdeal kyl , C24al kenyl C3. 6cycl oalkyl C3_
6cycl oal kyl met hyl , 6 IAf{;oxy yl ryl s ed with 0-2 R24, and
het er ocycl yl ; c%léléﬁy X ?]Jé)lflr %@g@%&éﬁ%@”&&’ct ed from hydrogen,
a: ty: a: kleEy: CyC|RJ76ﬁn|d)H3,caﬁibé<ll)h|b§Mé or cfiif&téﬁt@ﬁd Etéﬂlyihogﬁf,ﬁik.yl,a{lqkrlaflﬁﬂ @yl ,
al kyl aryl al ky y al | cyl, a xycar bony et er oal kyl ,
het er ocycl yl , h@‘iyl?h@' M&Fﬁﬂ‘@ OGSk 1; Pg is a thiol protecting
group; and V\/nerel n ag? ik el§L amwfarﬁl arylhli1, olﬁ]ﬁyla@m(ﬁ(4 is substituted
V\nthachelator m)letﬁ/ L w2 w3 ‘.
erein each R', R°, R°, and R" is unsubstituted or substituted with one or
more of the following: alkyl, alkenyl, cycloalkyl, alkylaryl, alkylcarbonyl, aryl,
arylalkyl, alkylarylalkyl, alkoxy, alkoxyalkyi, alkoxycarbonyl, heteroalkyl,
heterocyclyl, or heterocyclylalkyl, -NR'°R?, -SH, -S(Pg), -OH, -PR°*R%, -
P(O)R*'R%, -CO,H, =0, halo, trifluoromethyl, cyano, -CO,R*, -C(=O)R%, -
C(=0)N(R*"),, -CHO, -CH,OR%,
-OC(=0)R*, -OC(=0)OR*, -OR*, -OC(=0)N(R**),, -NR*C(=0)R*, -
NR*C(=0)OR*, -NR*C(=0)N(R>"),, -NR*SO,N(R™),, -NR*SO,R*, -SO:H, -
SO,R*, -SR¥, -§(=0)R%, -SO,N(R*),, -N(R**),, -NHC(=S)NHR?*, =NOR*, NO,, -
C(=0)NHOR*, -C(=0)NHN(R**),, -OCH,COH, 2-(1-morpholino)ethoxy, or a
chelator moiety;
R" and R* are each independently selected from hydrogen, C.jpalkyl
substituted with 0-3 R?, aryl substituted with 0-3 R%, Cs_jocycloalkyl substituted with
0-3 R, heterocyclyl-Cy.jpalkyl substituted with 0-3 R%, Cg 1oaryl-Cy.jalkyl
substituted with 0-3 R?, and heterocyclyl substituted with 0-3 R?;
R*! and R are each independently selected from -OH, C)_jpalkyl substituted
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13. The di agnostic agent of claim1, wherein: R2 or 1(3 conprises the
follow ng structure, wherein: nis 0-6; and |Ir is alkyl, aryl, cycloallcyl,
or heterocyclyl. 14. The diagnostic agent of claiml1l, wherein: R2 n3 ssss
conprises the follow ng structure, RZ-(s) HHN RY wherein: nis 0-6; 12.Y
I s hydrogen, alkenyl, or alkyl; and le is alkyl, aryl, cycloal kyl, or

het erocyclyl . 15. The di agnostic agent of claim1, wherein: R2ZR3 SI
conprises the faithaw RY, avysubstinited w0 \WHE, dd\cycloalkyl substituted with 0-3 R,

heterocyclyl-C;_jpalkyl substituted with 0-3 R®, Cg.10aryl-C)_palkyl substituted with
0-3 R*, and heterocyclyl substituted with 0-3 R>;

cach R? is independently selected from =0, halo, trifluoromethyl, cyano, -
CO,RY, -C(=0)R¥, -C(=0)N(R**),, -CHO, -CH,OR*, -OC(=0)R*, -OC(=0)OR*, -
OR*, -OC(=0)N(R**),, -NR**C(=0)R*, -NR*C(=0)OR*, -NR¥*C(=O)N(R**),, -
NR¥SO:NR™)y,, -NR*SO:R*, -SO;3H, -SO:R*, -SR*, -S(=0)R**, -SO,N(R™),, -
N(R*),, -NHC(=S)NHR?*, =NOR%, -NO,, -C(=0)NHOR*, -C(=O)NHN(R™,, -
OCH,CO,H, 2-(1-morpholino)ethoxy, C;.salkyl, C,4alkenyl, Cs scycloalkyl, Cs.
scycloalkylmethyl, C; salkoxyalkyl, aryl substituted with 0-2 R%, and heterocyclyl;

each R* is independently selected from hydrogen, alkyl, alkenyl, cycloalkyl,
alkylaryl, alkylcarbonyl, aryl, arylalkyl, alkylarylalkyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, heteroalkyl, heterocyclyl, heterocyclylalkyl, or carbonyl;

Pg is a thiol protecting group; and

wherein at least one of R', R?, R®, and R* is substituted with a chelator moiety.

13.  The diagnostic agent of claim 1, wherein:

RZorR? comprises the following structure,

wherein;
n is 0-6; and

R*is alkyl, aryl, cycloalkyl, or heterocyclyl.

14.  The diagnostic agent of claim 1, wherein:

RZ2 R®

(R1)nx><$$:‘ . .
comprises the following structure,

Rz—'fa) H
n

wherein:
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RY wherein: nis 1 or 2; 12.3" is hydrogen; and Rz is alkyl or aryl. 16.
The di agnostic agent of claiml1, wherein Rl is substituted with the at

| east one chelator noiety. 17. The diagnostic agent of claiml1l, wherein R2
or R3 is substituted with the at |east one chelator noiety. 18. The

di agnostic agent of claim1, wherein R4 is substituted with the at |east
one chel ator moiety. 19. The diagnostic agent of claim1, wherein the
conmpound of Fornula (1) hagoa,structure as in Formula (1), Rz.L. H HNN R4
RY 0 (1) or a pharmaceutically acceptable salt thereof, wherein: R4

is alkyl, allcenyl, cycIdéﬂ?%&#“gﬁﬂngpék94“k¥hQQSyIcarbonyl aryl,
arylalkyl, alkylarylalkyhg ggkfxﬁ?g ﬁmﬁmq@bkga&géﬁgﬂnyl heteroalkyl,
ylal kyr,

het er ocycl yl, or heterocycl substituted with the at |east one

chelator nmoiety; nis 0-6; RY is hydrogen, alkenyl, or allcyl; and le is
al kyl, aryljs cyehoghk¥sti NECRERS VS hatd wherein R4 is unsubstituted
or substltuted m%tﬁ‘%xﬁ %ﬁ&%nre of ¥he #gllomﬁng: al kyl, alLkenyl,

| ,R*al kyl carbonyl, aryl, arylallcyl, alkylarylallcyl,

| koxycar bonyl, heteroallcyl, heterocyclyl, or

het erocycl yl al ky,yx~ 9R20, - SH, -S(Pg) -OH, -PRI9R20, -P(0)R21R22,
-C2H, =0, halo, trifl or@mnwltheﬁymgsmmm4 -C(=0) R24, -C(=0) N(R24) 2,
-CHO -CH20R24, -0C(=0)R24, - C[mboo % of % _oc&0) N(R24) 2, _NR24cfrow24,

cycl oal kyl, al kyl a
al koxy, al koxyal kyl,

NR24C( =0) OR24, - NR24C(=0) N(R24) 2 R s02N(R24) 2, _NR24s02. 44, SOBH,
TS02R24, -SRN, - S(=0)R24, -SOZN(R24)2 4)2 - NHC( =S) NHR24, =NOR24,
NO2, - C(=0) NHOR24,

Ry
wherein:
nis 1or2;
R’ is hydrogen; and
R? is alkyl or aryl.

16.  The diagnostic agent of claim 1, wherein R is substituted with the at least one

chelator moiety.

17.  The diagnostic agent of claim 1, wherein R* or R” is substituted with the at least one

chelator moiety.

18.  The diagnostic agent of claim 1, wherein R* is substituted with the at least one

chelator moiety.

19.  The diagnostic agent of claim 1, wherein the compound of Formula (I) has a structure
as in Formula (I), '

RZ
O,

- N...R
RV O

ey

or a pharmaceutically acceptable salt thereof,
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- C&0) NHI NT(R24) 2, -OCH2CO2H, 2- (|- notpholino)ethoxy, or a chelator noiety,;
12.19 and R2 are each independently selected from hydrogen, C _wal kyl
substituted with 0-3 R23, aryl substituted with 0-3 R23, C3.10cycl oall cyl
substituted with 0-3 R23, heterocyclyl-Cmoal kyl substituted with 0-3 R23,
C6. loaryl -Cl _loal Il cyl substituted with 0-3 R23, and heterocyclyl
substituted with 0-3 R23; R21 and Reach i ndependently selected from-CH,
C | oal kyl substyhtmined with 0-3 R23, aryl substituted with 0-3 R23,

C340cyc| oal kyl substituted with 0-3 R23, hete | kyl bstituted
with 0-3 R23, Csioar¥yliselkghpikegsl cyeigalkyh gk ¥’8 %@Wﬁ QWH’H‘W erocycl yl

substituted wit 14ﬁ2ﬁ alkoxyalkyl€ Rg%@oﬂ hbﬁﬂﬁ&@ﬂ@@t@iolc%/cﬁfﬂebleﬁ ed from =0,

hal o, trifluorone a 0) R4 (R24) 2, - CHO
- CH20R24, - 0Q( o?m&cyclsé@%ﬂogubmed withliept leﬂﬁeeeéaq‘a(t%l% - NR24g=0) R24,
_NR24c52, - ")0- 24, prlyla @4c(=0) N(R2 NR24S02N( R24) 2, - NR24S02R24, - SO3H,
-S2R 24, _sR24, _s(=0)RZ4, 402N(R24)2, N(R24)2, '2 ) NHC(=S) NBR24,

=NOR24, -NC2, _c") NHRORRhydroggn, alkembyoralyland  OcH2 COpH,

'2- (1- nor phol i no) et hoxa: C34cycl oal kyl, C3.

scycl oal | cyl net hyl , O%isgﬁgﬂ(% ﬁlo"i]@ar yii%;g&wt ed wit hqu,mzf 524mand

het erocycl yl ; each R&Her¢g sensit anger Moy ollawingy |

all cenyl, cyclo \

al kyl aryi al kyl gﬁ‘#’]k%‘%’f}yl %tééé'%yﬁwm‘?“t‘%’%é@ﬁﬁ%oﬁv%%‘ é?ﬂﬁ'@ﬁw

het er ocggl ¥_ Ih g_elt(ex;oa}s}(o*gaﬂ@ll laltoxy@rboagl; hﬂﬂyﬂkylahﬂﬂerﬁg(cl)é, <uhbﬂamzclyl?lrkybet [ Ing

group e 20 e]] 0 mul a

(I') has a strucb&%{ éI? §%e§?n8?fa %% ﬂ’(oc}ﬁhg{ ph bguglngflﬁuorgmg {’abl e

?]aljt t her eo:c ] \lAbﬁneJ EOZRT , -C(= Gﬂ{zénd(%Ndfz’ﬁ)szHO)eCHme“oDGﬂ#m}é? .ent alnd are
rogen, a C a a ar

a?/yl algl cyl, al>ll 95? (bﬁig?ll Qﬁw (g(ﬁég% Rz??«ﬁéy@*’kémz a?’%&k@%?ﬁ%nyl Y

het er oal kyl , hengPagyo) R?“);tqtzﬂsmmk%gl}kgﬁ‘som“ cgm;mns(d)zRZ%;nsR%ﬁt- | east one

of Rz and R3 is substjtuted it at | east ope chel,at or apnd R4
'S alkyl. all oy SERPR SO b Mebt . NCERRRE IR SN 1

unsubsti tut ed orc@omtmt omtztt ez gr-maﬁ,ihsmmﬁetﬁcb@ 6 dh@lMdi‘%mé%i( Kyl
al kenyl , cycl oal kyl a/ %ryl yl ear bonyl , yl, arylallcy
al l cyi aryl al kyl, al k%xyn B m«;&ahvesﬂppenam@aﬁyl@@%&ﬂrylhydm%t%aan|

f'gt o ocyel sl OEungﬁﬁlFe'a% LA hﬁgtug%nrtg@n%%%% %?(@ﬂ);oycfogﬁﬁzsuﬂﬁlt&&%th
-cKI NR24, . 2 0 3 R heterocyclyl-C1 10alkyl substituted with 0-3 R™, Cs.paryl-Ci_ipalkyl

substituted with 0-3 R?, and heterocyclyl substituted with 0-3 R%;

R?! and R? are each independently selected from -OH, Cy.jpalkyl substituted
with 0-3 R*, aryl substituted with 0-3 R%, Caqgcycloalkyl substituted with 0-3 R,
heterocyclyl-Cy.iealkyl substituted with 0-3 R%, Cs.jparyl-C;.j0alkyl substituted with
0-3 RZ, and heterocyclyl substituted with 0-3 R*;

each R* is independently selected from =0, halo, trifluoromethyl, cyano, -
CO.R*, -C(=O)R*, -C(=0)N(R*),, -CHO, -CH,OR*, -OC(=0)R*, -OC(=0)OR*, -
OR?, -OC(=0)N(R>*),, -NR¥C(=0)R*, -NR¥C(=0)OR*, -NR¥*C(=0)N(R**), -
NR¥SO,N(R™),, -NR*SO,RY, -SO3H, -SO,R*, -SR*, -S(=0)R*, -SO,N(R™),, -
NR?,, -NHC(=S)NHR?*, =NOR*, -NO,, -C(=0)NHOR?*, -C(=0)NHN(R**), -
OCH,CO»H, 2-(1-morpholino)ethoxy, C,.salkyl, Casalkenyl, Cs ¢cycloalkyl, C;.
scycloalkylmethyl, C; ¢alkoxyalkyl, aryl substituted with 0-2 R*, and heterocyclyl;

each R** is independently selected from hydrogen, alkyl, alkenyl, cycloalkyl,

137



CHO, -CH20R24, -0C(=0)R24, -0C(=0)0R24, -0R24, -0C(=0)N NR24c(=0)0R24,
e( 0)nR24) 2, -NR24S02MR24)2, -NR24S02R24, -S03H, - soje, -sR24,-s(=D)R24,
-S2N(R24) 2, -MR24)2, -NHC(=S)INT11R24, =NOR24, NO2, - C(=0) NHOR24,
-C(=0) NHN(R24) 2, - OCH2CO2H, 2-(1-notpholino)ethoxy, or a chelator noiety;
R19 and R2 are each independently sel ected from hydrogen, Cm al kyl
substituted with 0-3 R23, aryl substituted with 0-3 R23, C3_1locycl oall cyl

substituted w tfiflargl, RE&gicatdeh@) A0l Siylalkyatkglakytbllcg dikdxdy] alkegalkyt,h 0- 3 R23,
C6. 10aryl -CLl.i al kyl su ituted with O- 3, apd heterocyclyl substituted
with 0-3 R23: O%ﬁﬂbwiéﬁ@“@ﬁ%%ﬁﬁ?&ﬁ“é}zﬁ‘dﬁ?ﬂ’wgﬁﬁ”é‘@t"é&“%% NGy

Coal | cyl substit ut e js WAHidl flotéetindFroupl Y| substituted with 0-3 R23,

C310cycl oal kyl substituted with 0-3 R23, heterocyclyl-G _wal kyl substituted
with 0-3 R23, C6-iciaryl-d _mal kyl substituted with 0-3 R23, and

het erocycl yg supgd &iﬁ%ﬁﬁ)% At Orain R2%Bherein the coRPithdSE Boinsuld (YRRENMIAN Y
selected from =0, halo, trifluoronethyl, cyano, - co2R24, )1t C(=0) N(R24) 2,

-CHO, - CH20R24, asipEpmpadl). - 0C(=0) OR24, -oc&zo(R24)2, NR24qg=o)R24, Ni t
(..(0)0R24, -NR24C(=O) N(R24)2, - NR24g@2N(R24)2, _NR24s02.-.tc24, SO3H,
-S02R24, -SR24, -S(1)R24, -SO2N( RZ%)E/ RR4) 2, .2 _ ) NHC(=S)NHR24,
-=NOR24, - N2, -C(=0) NHOR24, -C(=0 (R¥4) 2 - OCH2CO2H,

2- (1-nor phol i no) et hoxy, G .sal kyl, C24afkenyl, C34cycloal kyl, C3_

6cycl oal I cyl met hyl, C2. 6al koxyal I cyl, ar substituted with 0-2 R24, and
het er ocycl yl ; each 1224 is_independent]y sel ected from hydrogen,

al kyl, al kenyl, cycluaphgmacaytiegllgageptable sahfhtentnonyl | aryl, arylallcyl,

al I cyl aryl al kyl gn@ki,coxy, al koxyal kyl, al |l coxycarbonyl, heteroallcyl,

het erocycl yl, heter oc%/cl yl.allcyl, or carbonyl; and Pg is a thjol protecting

group. 21.The di agnoRtand Rigembe b sunepndiffereiitand arehydiget alpbatkends For nul a
(1) has a structifeuas aluhibA! ik 18abdn¥d, aryl, arylalkyl, alkylarylalkyl, alkoxy,

alkoxyalkyl, alkoxycarbonyl, heteroalkyl, heterocyclyl, heterocyclylalkyl, or

carbonyl, and at least one of R? and R is substituted with the at least one chelator

moiety; and

R* is alkyl, alkylaryl, or arylalkyl,

wherein each R?, R?, and R* is unsubstituted or substituted with one or more of
the following: alkyl, alkenyl, cycloalkyl, alkylaryl, alkylcarbonyl, aryl, arylalkyl,
alkylarylalkyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, heteroalkyl, heterocyclyl, or
heterocyclylalkyl, -NR'*R%, -SH, -S(Pg), -OH, -PRR”, -P(O)R*'R*, -CO,H, =0,
halo, trifluoromethyl, cyano, -CO;R?, -C(=0)R*, -C(=0)N(R**),, -CHO, -CH,OR",
-OC(=0)R%, -OC(=0)OR*, -OR*, -OC(=0)N(R>*),, -NR*C(=O)R*, -
NRC(=0)OR%, -NR*C(=O)NR?);, -NR?*SO,N(R™),, -NR*SO,R*, -SO3H, -
SOR%, -SR¥, -S(=0)R%, -SONR™),, -N(R™);, -NHC(=S)NHR”, =NOR*, NO,, -
C(=0)NHOR*, -C(=0)NHN(R™),, -OCH,CO,H, 2-(1-morpholino)ethoxy, or a
chelator moiety;

R and R” are each independently selected from hydrogen, Ci.jalkyl
substituted with 0-3 R%, aryl substituted with 0-3 R*, Cs.jecycloalkyl substituted with
0-3 R®, heterocyclyl-Cy.joalky! substituted with 0-3 R?, Cg.joaryl-Cy.ialkyl
substituted with 0-3 R%, and heterocyclyl substituted with 0-3 R%;

R?! and R® are each independently selected from -OH, Cj.joatkyl substituted
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or a pharmaceutically acceptable salt thereof, wherein: R is alkyl,

al kenyl, cycloal kyl, arylallcyl, alkylarylalkyl, alkoxyalkyl, heteroalkyl,
or heterocyclylal kyl, substituted with the at |east one chelator noiety; n
is 0-6; leis alkyl, aryl, cycloal kyl, or heterocyclyl; and 1(4 is al kyl,
al kylaryl, or arylallcyl, wherein each 1(1 and R4 is unsubstituted or
substituted with one or nore of the follow ng: al kyl, alkenyl, cycloalkyl,

al kylaryl, al | cyigarprHYdryl sﬁbéﬁmtecﬁﬁ/ﬂ: eJ3wP,,c3q$cwba@1Isa$shﬁxyéd with BOR,

aIkoxyaIIcyI alkoxycarbonyl, het er oal | cyI het erocyclyl
het er ocycl yl al | GgErocyghidiaglkyl subsfituted wig)0-3 RC}-pﬁ-w Orptkyls FIESG‘P-F@PF@E

-CO2H, halo, t rm%ﬁlﬁb@@g@@% clﬂ%ﬁ%ﬁﬁjté&i@ g3 r®:fl uoromet hyl , cyano, -CO2R
-0C(=0) R24, -0C(=0) OR24 C(=0) N\(R24) 2, - NR24C¥1 0) R24 -
NR24C( =0) OR24, - ZNWE% 1de,gpendgltiy selected from '=0, halo, trifluoromethyl, cyanoy -

NR24S02N( R24) 2, 4 4 1S 40 24
- SO2N( R2£1)2 )- %Q 5 Cﬁ% m%%ﬁggz % E@éﬁ OJOR™,

- C( =0) NHN( R24) 20R (Mpﬂm.,nbl}%eﬂmm orNa aﬁerpmcaﬁ“)m. ety;

Rl and R2 are eag d 2doh, 52! ok 26

substituted wi t%q%ggw ﬁﬁﬁ Est:%t%%fﬁceig thl%{ B%Q)R Sgh@dggél kyl

substituted witN®B, -RQK;‘(—SB{ERO@MDE& s Ot KHFOMOEubﬁ(F@lNIéH(RM k,h 0-3

R23, C6_10aryl S

substituted wi thg%Hﬁgg’i a I%Qﬁ)%]%) i y Mﬁgg zéa(ﬁ%@f‘@: S’ é&ﬁ%’/% sel ect ed

fCr3 OTO G—ll Cln'loal Fg)dcloglkigkﬁdé?ﬂht@daﬂtmiﬁalk@l- Brygﬂﬂar,s]u?te;ilmﬁuij;R % artiddebtendayblyD- 3 R23,
_10cycl oal | cyl subst W et.er.oc

substituted with o b Endiitadotaelies IR SHRET el BT es s and

nggggggc}¥Ln$ugﬂ@¥iﬁudk¥$f??zpa@dE@aMkw.ﬂhgﬁghmblB&Bxx&ﬂmﬂﬁﬂpﬁndentIy

C(=D) N( R24) 2, - ellexye: &efoa%%(%éé’ﬁlyf Bﬁlb‘?g‘xﬁgf Coghosyl; and

- 0Cf r- ONR24) 2, NR24P§152111110214I0{}JE{2;{J§)@Q&IDR24 - ut 0)R- , - NR24S02 nRz4) 2,
- NR24S02R24, -SO03H, -S02R24, -sRz24,
21.  The diagnostic agent of claim 1, wherein the compound of Formula (I) has a structure
as in Formula (IV),

or a pharmaceutically acceptable salt thereof,
wherein:

Rlis alkyl, atkenyl, cycloalkyl, arylalkyl, alkylarylalkyl, alkoxyalkyl,
heteroalkyl, or heterocyclylalkyl, substituted with the at least one chelator moiety;

nis 0-6;

R” is alkyl, aryl, cycloalkyl, or heterocyclyl; and

R* is alkyl, alkylaryl, or arylalkyl,

wherein each R! and R* is unsubstituted or substituted with one or more of the
following: alkyl, alkenyl, cycloalkyl, alkylaryl, alkylcarbonyl, aryl, arylalkyl,
alkylarylalkyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, heteroalkyl, hetetocyclyl, or
heterocyclylalkyl, -NR'°R?, -SH, -S(Pg), -OH, -PR"R%, -P(O)R*'R*?, -CO,H, =0,
halo, trifluoromethyl, cyano, -CO,R?*, -C(=0)R*, -C(=0)N(R*),, -CHO, -CH,0OR*,
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SN(R24)r, - N(R24)2, -NHC(=S)NHR24, =NOR24, -NO2, - C(=0)NHOR24,

- CHI 1 ONHN( R24) 2, - OCHZCOZH, 2- (1- nor phol i no) et hoxy, CI-Al kyl, C24al kenyl,
C3_6cycl oal I cyl, C3- 6cycl oal kyl met hyl, C2_6al koxyal kyl, aryl substituted
with 0-2 R24, and het er ocyclyl; each R24 is independently sel ected
from hydrogen, al kyl, allcenyl, cycloal kyl, alkylaryl, alkylcarbonyl, aryl,
arylallcyl, allcylarylallcyl, alkoxy, alkoxyallcyl, alkoxycarbonyl,

hﬁt eroal I cyl, hedeFmRY| YC=OFORY cORS!, ybat-mMR>pr -NRATdgeOW™, -and Pg is a

thi ol protecting_ grou 222T@4 $ & L rein the
at | east one ch&Rgcg 8 52 &%ﬁ&& 3‘6@’95@5"@2)2:% %#2?2 -'Sﬁggf-

het er oat orn and s@g@ﬁ“e.snz“o%@jRZ‘DLs@gquﬂg ?ﬁmggﬂmﬁn%f , £NORSt hey,, i s a
chel at or m)lety The dia nosthpaent of claim rein X 1s

ni t r ogen. ?ﬁ‘eomos‘pﬁé)) R o - GR35 2+( O;lin?)ﬁ O OTAnd D2 i s

hydr ogen and th@h@gtggerﬁmbt selected fromthe group consisting of: (

1).0- NA- N-. COZHHO%C4 I\USCOZHHOZC4?UN28COHO il w HO2C4 vnk
7% yO02H Ox are each independently selected from hydrogen, C;_joalkyl

substituted with 0-3 RZ, aryl substituted with 0-3 R%, Cs.ipcycloalkyl substituted with
0-3 R®, heterocyclyl-Cy.jealkyl substituted with 0-3 R%, Ce.10aryl-Cy1palkyl
substituted with 0-3 R?, and heterocyclyl substituted with 0-3 R™;

R and R are each independently selected from -OH, Cy_joalkyl substituted
with 0-3 R%, aryl substituted with 0-3 R%, Cs.yocycloalkyl substituted with 0-3 R,
heterocyclyl-Cy_jgalkyl substituted with 0-3 R%, C¢ jearyl-Cy.jpalkyl substituted with
0-3 R?, and heterocyclyl substituted with 0-3 R%;

each R* is independently selected from =0, halo, trifluoromethyl, cyano, -
CO,R*, -C(=0)R*, -C(=0)N(R**),, -CHO, -CH0R*, -OC(=0)R*, -OC(=0)OR%, -
OR?* -OC(=0)N(R*),, -NR¥*C(=0)R*, -NR*C(=0YOR*, -NR*C(=0)N(R**),, -
NR*SO,NR™),, -NR¥SO,R*, -S03H, -S0.R*, -SR*, -S(=0)R*, -SO;NR™),, -
N(R),, -NHC(=S)NHR?*, =NOR*, -NO,, -C{=0)NHOR*, -C(=0)NHN(R**),, -
OCH,CO;H, 2-(1-morpholino)ethoxy, C;.salkyl, C;4alkenyl, Csscycloalkyl, Cs.
scycloalkylmethyl, Cy. salkoxyalkyl, aryl substituted with 0-2 R*, and heterocyclyl;

each R* is independently selected from hydrogen, alkyl, alkenyl, cycloalkyl,
alkylaryl, alkylcarbonyl, aryl, arylalkyl, alkylarylalkyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, heteroalkyl, heterocyclyl, heterocyclylalkyl, or carbonyl; and

Pg is a thiol protecting group.

22. The diagnostic agent as in claim 1, wherein the at least one chelator moiety has the

structure,

wherein X’ is a heteroatorn and wherein one of D' and D? is a hydrogen and the other

is a chelator moiety.
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O73N3 -0- 4) Ho2ct Ngq H®2C \ t ow Ho2c,,cy N\ (IN ..... 4" . 4. .. 02H
and\ "r wherein o, p, g, r, s, t, and u are each independently 1-6;
and v, w, x, and y are each independently 1-3; or wherein o, r, s, t, and u
are each 1; and p and g are each 2; or wherein o, r, s, t, v, w, x and y
are each 1. 25. The diagnostic agent of claim1, wherein at |east one le is
hydr ogen. 26. The di agnostic agent of claim1l, wherein Xis sulfur. 27. The

di agnost i c 23gentrh@fiagdodtidtgknt vfieeARi20, wherdin Bh Gafdidegens

24. The diagnostic agent of claim 22, wherein one of D' and D? is hydrogen and the other

is selected from the group consisting of:

5\ ’H‘N’ﬁ\cozﬂ E/H}igﬁv_\N/H?002H

HOZC/HFN’G l)\C()ZH (&N NE)W
Ho,c /é) HOZC‘H/ \_Q/)X\H;COZH

> 3

0
(\KN/H;N’Q)\COZH \H}L /@\002'{

° ﬁ

Hozc\e,)/ \—é/ COZH

and ;

wherein

o, P, g, T, 8, t, and u are each independently 1-6; and v, w, x, and y are each
independently 1-3; or

wherein o, 1, s, t, and u are each 1; and p and q are each 2; or

wherein o, 1, s, t, v, w, X and y are each 1.
25.  The diagnostic agent of claim 1, wherein at least one R is hydrogen.

26.  The diagnostic agent of claim 1, wherein X is sulfur.

27.  The diagnostic agent of claim 1, wherein X is phosphorus.
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