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generically and specifically describes

2-butyl -4-chloro-I-[p-(0o-1H

tetrazol - 5-yl phenyl ) -benzyl ] i m dazol e- 5- met hano

pot assium salt and 2-butyl-4-chloro-1-[(2"-

1Htetrazol -5-yl) bi phenyl -4-yl ) net hyl ]i m dazol e-5-carb

oxylic acid. Colums 261-263 of U S. Patent 5,138, 069

descri be general procedures for fornul ati ng conpounds

described in the patent, including capsules, tablets,

ection fornul ati ons, and suspensions. U S. Patent

17TL@(ﬁ§§HEQNVENE%EY|beS the use of these conpounds

ANGIITENSIN'] RECEPTORNRUTAGOWIdTS diuretic, to treat a
patient having hypertension. W2005011646 descri bes

angiotensin Il receptor blocker nitroderivatives,
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are val ent In a vari et
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having ngleptenslemt | y- coval entl y-1inked nitric oxi de groups.
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anglotﬁﬁsgr‘r‘ k#l?f% tof PRER&S wilH d&%%val@ﬂtl;‘? pﬂ?&ﬂ:ﬂ rh@oﬂ@é gl%%B' & arlBiotensin

I ne conpoun a neutra
receptphWP@li%wnbrtwa lmmpadqnﬂm@walémly -finke mltrnlq QXig EMPEonor
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N- oxo- N-ni t rosani

compaRy S R RPHVLE SOi5oY06 P8 Ga0h v RS Eefifatsghlar compound and
optional rtalpyst ae nitrie akidaglooyc| Bexsagtioemseular corapbuatiechich is nitrosated or

nitrosyggtrég?ﬁa?rsbe%n AL hORR 2 V\%&m{] zﬁ#‘an FotéJHrPﬂg&Eé for antagonist, a calcium

i ovascul ar events Ves I ster
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mtrlte% nﬁ%?soi\cl : r ¥x)fsa2m\ép§/| r(?lxmsl, ’a%q %ydngmmmes

WO2005070868 describes combination therapy for treating cyclooxygenase-2
mediated diseases or conditions at risk of thrombotic cardiovascular events which involves ’
administering selected cyclooxygenase-2 inhibitor in combination with a nitric oxide donating
compound such as 5,6-bis(nitrooxy)hexyl acetate, 6-hydroxyhexane-1,2-diyl dinitrate, 5- |
hydroxypentane-1,2-diyl dinitrate, (5R) -5,6-bis(nitrooxy)hexyl 4-nitrobenzoate, (55)-5,6-
bis(nitrooxy)hexyl 4-nitrobenzoate, (2R)-6-hydroxyhexane-1,2-diyl dinitrate, (2S)-6-
hydroxyhexane-1,2-diyl dinitrate, (2S)-propane-1,2-diyl dinitrate, and (2R)-propane-1,2-diyl

dinitrate.



hydr oxypent ane-1, 2-diyl dinitrate, (5R
-5, 6-bi s(nitrooxy) hexyl 4-nitrobenzoate, (5S)-5, 6-
whe@gnrdeooxy) hexyl 4-nitrobenzoate, PCT/US2007/025233

(2R) - 6- hydr oxyhexane- 1,2-diyl dinitrate, (2S)-6-

hydr oxyhexane- 1, 2-diyl dinitrate,

(2S) - propane-1,2-diyl dinitrate, and

(2R) - propane-1,2-diyl dinitrate. W 2008/ 076247

PCT/ US2007/ 025233 SUMVARY OF THE | NVENTI ON The

present invention includes angiotensin Il receptor

ant agoni st bi s(nitrooxy) derivatives, including

2- butyl -4-chl or o-

l-[(2"-(1-Htetrazol -5-yl)bi phenyl -4-yl) et hyl ] -
SUMM AR} D6 BHE INYHENKIMNt e bi s(nitrooxy) derivatives,

' ncl Ud*rHQ &@édt%naaaﬁm%hge{énym IFF&@%@%@ &aéttb%(nmooxy)
Pes of ese orrrs .

th
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sustaingldaishibenyiof these fornts taracpatibet. | i ke, or t he quat er nary ‘

anTanl e §ﬁtlst1§c YU Sh-R%ER: sfaﬁg 5@5{’1 thcgse’defl(/éHTfrbHﬂh&%@hi% acids, e.g.
|

or ani ¢ acl S or ases. es of aci d di tTon
hydroghlpric ydobirieoigceHiirie, S%nb%tpéoswogﬁn@fr& ar@stball%t% the quaternary

ammo BRIMT S:Ads Svhibie Aredoated, & QN éﬁr(ﬁn n’Qﬂr Mlié 8f ergahidtayideloe bases. Examples of

scid agdip B s ST S5 ﬁ;ﬁd@oa[% E%QPE%@M <. penmas bepagyonate

bisulfae Hamgstel Eionat eamphorate atamphgrwtfohatpt aielpestanepropionate, digluconate,

dodecglls%ﬁ’ fate, hﬁ?ﬁ%%%ﬂﬂ)%ﬁy 4 Eﬁﬁar%%' %ﬂt&he)? ddﬁ%%agl?@éﬁph&'ﬁﬁﬁ@ ARnfisulfate,

heptar@a]@y Hexsnpate hayedsach qrmhgdrob{oa@fig,tlydrmqi idet Zhydroxyethanesulfonate,
lactateTBiallane %Htﬁd?l@ﬁilﬂma% Q&ﬁbﬁﬂﬁ@kﬁé&%ﬂbhzﬁt@ NAt&inatd, (v‘lﬁfdtél @lxBlate, pamoate,

r at at e am)at
pectingle FEH 4 o BHAIPESPIRRLT ooy APl BromTBBY oy, sulac,
tartrats,thioc pataee, tasylategtaed undanhoae.eBagelsiabs inmhsleemrbasynsals, alkali metal

salts s@{}ﬂaﬁ%gﬁlﬁgtl%‘ﬁ&a s Sal Llﬁ(ﬁllﬁ@%;{rﬂ%et@mg's%ﬂ %aéaﬁéum and

ts SUC as So um and ot assl um
magnes#|n §altsasalis|WiHEOEARIE HasassHeh %Sa‘th)éCl%‘EFé‘bﬂaé%m% saltsi Nmgthyl-D-

glucarﬁﬁgnﬁlﬁll éﬁl& Sdthta$nins aéis stdht aeglaael lhasm?i soU6Ah adlso, the basic
onex am ne

nros eV o EF e TS g e 57 FuhE s Dflgias. such s
methy§ @tiydrrbpylAhrgbbutyhehldridsi, bromides agleindidesitdalkylsyglfgtes lige dimethyl,

| |
dlethbenglé g@g%mgﬁ%tgg ?]J]]gsclﬁgltﬁh%gﬁgstpélgﬂy dgé;ﬁ dlagllL}}fy+yr1styl and
stearybetlomidasebropridesi @égo@;ﬁ@s, iaedind é@hd% le\qem,enzsé@mfl a?b@%etwl@onndes and
othersdi met hyl , diethyl, dibutyl; and dianyl sulfates, | ong

chain hel iR abet BRuRe Vel kol bR consesive ear
failure) phinatamry hyperteasiay, regal dnsoifféciendyy tenbl ischenheis, enal failure, renal fibrosis,
cardia tir&%ff‘l?’ciency, cardiac hypertrophy, cardiac fibrosis, myocardial ischemia,
cardiomyopathy, glomerulonephritis, renal colic, complications resulting from diabetes such as
nephropathy, vasculopathy and neuropathy, glaucoma, elevated intra-ocular pressure,
atherosclerosis, restenosis post angioplasty, complications following vascular or cardiac surgery,
erectile dysfunction, hyperaldosteronism, lung fibrosis, scleroderma, anxiety, cognitive
disorders, complications of treatments with immunosuppressive agents, and other diseases
known to be related to the renin-angiotensin system, by administering an angiotensin II receptor

antagonist of the invention to a patient having one or more of these conditions.
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The invention also includes a nethod for treating
hypertensi on, congestive heart failure, pul nonary
whymentemsi on, renal insufficiency, renal i scheemi/as2007/025233
renal failure, renal fibrosis, cardiac insufficiency,
cardi ac hypertrophy, cardiac fibrosis, nyocardi al
i schem a, cardi onyopathy, glonerul onephritis, rena
colic, conplications resulting fromdi abetes such as
nephr opat hy, vascul opat hy and neur opat hy, gl aucona
el evated intra-ocul ar pressure, atherosclerosis,
restenosi s post angiopl asty, conplications follow ng
vascul ar or cardiac surgery, erectile dysfunction,

hyper al dost eroni s | un [.brosi s r

DETAIEBUSESCREHAN T THE IS BN, A PREFERIETS EMBODIMENTS
t r eat mephpouhdshofithainvestigipire asgivensigdhie@eptanant@gdist bis(nitrooxy)

d \mgLs ases knomq tp behrelated to the renin-angiotensin

en y%stel‘éar’ﬁ"gbt?e%?ﬁ A8 hg an angiotensin Il receptor

ant agoni st of the invention to a patient having one or

nore of these conditions. - 2908/ 076247

PCT/ US2007/ 025233 DETAJL DESCRI PTI ON OF THE

| NVENTI ON AND PREFERR EMRCDI MENTS Conpounds of the

i nvention are angi ot efisi n | PNPecept or ant agoni st

bi s(nitrooxy) derivgtives having the general fornula:

ONO2 Y / ONO2 R ONORr Y *ONOR1 01 wherein Ris

sel ected fromthe gro confNsking [of G H3C CH3 N O

HBC NO~ HICNO-~O0 NEN HN /N HN /N

ONO,

wherein R is selected from the group consisting of




HBC OHCH3 O~ N H3CNO NNNH3CONO HNNO / N=N

\ HN N -3 WD 2008/ 076247 PCT/ US2007/ 025233 CF2CF3 N
wO®2088%20 H3C 0~ O N=N N N=N HN N O HN Lt LTP@&BBTSN07/025233

N-"~/ NO- ~I ~HBCNHCN\ / HC 30 0, and Y

IS -YL-Y2-Y3-Y4-Y5-; Yl is C(RIR2); R is selected

fromthe group consisting of hydrogen and C 1-4 al kyl;

, and

Yis-Y1-Y2-Y3.-Y4.Y5-;

Y1is C(RIR2);

R1 is selected from the group consisting of hydrogen and C1-4 alkyl;

R2 is selected from the group consisting of hydrogen, C1-4 alkyl, and -OC(0)C1-4 alkyl;

Y2 is O, C(0O), P(O)(OH) or CHp, pro.vided that when Y3 is P(O)(OH), then Y2 is O;

Y3 is O, C(0), P(O)(OH) or CH?, provided that when Y2 is C(O), then Y3 is not C(O), and ' _
further provided that when Y2 is O, then Y3 is not O, and when Y2 is P(O)(OH), then Y3
is O; E
Y4 is O or CH7 or is absent, provided that when Y3 is O, then Y4 is not O;

Y3 is -(CH?2)1-2-(X)0-1-(CH2)(Q-1- or is absent;

X is -O- or -CR3R4-; and

R3 and R4 are independently selected from the group consisting of hydrogen and C]-C4 alkyl;

or a pharmaceutically acceptable salt thereof.
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R2 is selected fromthe group consisting of hydrogen,
Cl-4 alkyl, and -OC(O C1-4 alkyl; Y2 is 0, C(O,
wWOe@BOTY7 or CH2, provided that when y3 is P(Q¢126$2007/025233
then y2 is 0; Y3is 0, C(O, P(O(OH) or CH2, provided
that when y2 is C(O, then y3 is not C(O, and
further provided that when y2 is 0, then y3 is not O,
and when y2 is P(O(OH), theny3 is O Y4 is 0 or CH2
or is absent, provided that when y3 is 0, then y4 is
not 0; Y5 is -(CH2)1-2-(X)0-1-(CH2)0-1- or is absent;
Xis -0- or -CR3R4-; and R3 and R4 are independently
sel ect gfofd Ghbddifiedt, ¥20s CORSCE®) it Af oYV BBRsaRdaGpreviously
-C4 alkyl; or . a pharnaceutlcafly acceptabl e salt
hereof. -4 WD 2008/ 076247 PCT/ US2007/ 025233 In one
enbodi iremiother2mbedinan, ¥8 @ C(Gnd 24k O, ahdiall other valididss are as

. eviously defined. In another enbodi nent, y3
mevw?§§é%§§g£Y2 is 0, and all other variables are as

previ olstnpthpsfeimbodimem, ¥vtGHRI R&IELE@ENE: Y-, ard altprren variables
are as Bevidds(4din&4- Yo-. and all other variables are as

previ ously defined, In another enbodj nent, the _

conpouHariesker embodime i+ e OMPeRgephas i‘%%ﬂéumeq Yi. Y2

Y3 .Y4 Y5 ONO2 O N WN and all varithgBZare as

previ ously defined.?ln her enbodi nent,
compound ha§jkheosgL%
3

defin

O /Y2 /Y4 'I,
Sy YT N ysT oNoD,

H
/N
Ny
A\
N—N
and all variables are as previously defined.

In another embodiment, the compound has the structure

N | ONO,

HsC o) N O ..Y2 _.Y4
\Y \Y ~

N /
A\
N

wherein Y1 is C(CH3),, Y2 is O, Y3 is C(O), Y4 is O and Y9 is -(CH?2)1-2-(X)0-1-(CH2)0-1, wherein

X is -O- or -CR3R4-; and R3 and R4 are independently selected from the group consisting of hydrogen
and C1-C4 alkyl;

or a pharmaceutically acceptable salt or hydrate thereof.
-5-



H3CO'/'" N O Y11l .Y& Y1 Y3 Y5 ONO2 ON N~ NN

wherein Y1 is C(CH3)2, y2 is 0, y3is C(O, y4is O
wW@easp2is - (CH2) 1- 2- ( X) 0- 1- (CH2) 0- 1, wher ei n POI/US2000025233

or -CR3R4-; and R3 and R4 are independently sel ected

fromthe group consisting of hydrogen and C 1-C4

al kyl; or a pharmaceutically acceptable salt or

hydrate thereof. -5 WD 2008/076247 PCT/ US2007/ 025233

I n anot her enbodi nent, the conpound is selected from

the group consisting of CI OO O~~~ NY Y OONO2 O

CHs OONO2 N N~NN, and C N ~\ OYONYONO2 O

CH3 O IBLIhE ARk, the cDinPodhd is selected from the group consisting of

, and

ONo2
HyC  CH; ONO,

H
N
/

N
A\Y
N—N

or a pharmaceutically acceptable salt thereof.

In another embodiment, the compound is selected from the group consisting of



or a pharmaceutically acceptable salt thereof. In

anot her enbodi nent, the conpound is selected fromthe
w@e@ap7eaensi sting of -6 WD 2008/ 076247 PCT/US2007/025233

PCT/ US2007/ 025233 H3C H3C' N N H3C OJ" O~ O ONO2

O"-~OON®2 In another enbodinent, the compound is

sel ected fromthe group of conpounds (i) to (Xix)

shown bel ow. -7 WD 2008/ 076247 PCT/ US2007/ 025233

Table (j) Lxyi) d NH3C OZ NNN ONNHz z ONO2

iIx) OONO2 CH3 ONO2Z O ON02 O x) ONO2 0 ONO2 0 ONO2

ONO2
HaC
/
HSCMN ND
HyC

| In another embodiment, the compound is selected from the group of compounds (i) to

(xix) shown below:



W

) EYOV\/\‘AONOZ

H3C CH3 O ONO2 iii) xi) ONO2 ONO2 O O N2

OC(O) CH2CH3 ONO2 iv) xii) ONO2 ~ 0 0 ONO2 _ CH3 CH3
@2@08I02207 ONO2 v) xiii) ONO2 (ONO2 0O O ONO2 CrGr/TSIOM0®5233
vi) ONO2 xiv) ONO2 ONO2 CH3 wvii) O ONO2 ONO2 xv)

ONO2 ONO2 ONO2 CH3 Il 0 ONO2 viii) ONO2 xvi) i ONOR2

OH -8 WD 2008/ 076247 PCT/ US2007/ 025233 Table (xvii)

- (xxiv)

Table (i) - (xvi)
cl

CH, ONO,

ii) % o) o) ) %
: \”/ \/\/Y\ONOQ X \/\O/Y\ONoz
S .
H,C "CH3

CH; O

@)

ONO, ONO,
0 ONO,
i) % xi) %\/”\ /\/\/'\/ONO"‘
ONO, o)
o) ONO,
OC(O)CH,CH; ONO, :
iv) § O : H 0
: ONO, E
H CHa

N02 » o] (=)N02

v) g\\¢/A\Wr/O\\//A\\//N\t//\\oN02“mE\\]/JL\O//\\V//\\“/;\\//ON02

N02 CH3

O
Ol

ONO,
ONO, CHs ﬁ ONO,
“__ONO ~ . i _ONO
\/\/\/ 2 xvi) % /\/\/\/ 2
\/ I\O
OH



z Xxvii) N2 H3C ONCH3 0 ONO2 &z O xviii) N==N 555
ONO2 N\ NH ONO2 xix) ~oyo'*'--~~~~ON02 CH3 0 ONO2

woz008@7624%= ONO2 H3C CH3 0 ONO2 xxi) O Oy ONOXCT/HIS1007/025233
\CH3 O ONO2 xxii) QQN / \ yoNo2 H3C CH3 0 ONO2
xxiii) Qy Q \~v \OON®2 H3C CH3 0 ONO2 xxiv) O
ONO2 X H3 0 ONO2 I n anot her enbodi nent, the conpounds
of the invention are angiotensin Il receptor '
ant agoni st bi s(ni trooxy)
2-butyl-4-chloro-1-[(2'-(1-Htetrazol - 5-yl ) bi phenyl - 4-
yl)met hyl ] -i m dazol e-5- car boxyl at es, havi ng the
structure Table (xvii) - (xxiv)

A

xvii) % @)
Y Y\/_\‘/\ONOQ

‘CH; O ONO,

xviii) % :
. ONO,
ONO,

Xix) % o @) . ,
\l/ T . “ONO,

CHy O NO,

Ol

XX) g o) O\/\/\/\ :

Qlim

HiC CH3 o NO,
xxi) % (o) (o) .
: ONO,
HC CHs; O ONO,
xxii) gXO\‘(O\/\(\
ONO,
H;C CH; o ONO,
Xxiii) EXO O\/\ .
T 5 /\é/\ONOQ
HiC CHs O : ONO,
mv)% © NG e PN
\”/ 0 y ONO,
HsC CHz O ' ONO,

In another embodiment, the compounds of the invention are angiotensin II
receptor antagonist bis(nitrooxy) 2-butyl-4-chloro-1-[(2’-(1-H-tetrazol-5-yl)biphenyl-4-
yl)methyl]-imidazole-5-carboxylates, having the structure



-9 WD 2008/ 076247 PCT/US2007/025233 C ON0O2 2 a N O
YIY YA3Y Y5 ONO2 | YON i I NNNor a

w@b@snaeeut i cal |y acceptabl e salt thereof, wheP€i/ns2027/025233
iIs CH(CH3) or CH2, y2 is 0 or CH2, y3is C(O or CH2,
y4 is 0 or CH2, and y5 is (CH2)2_4 or is absent. In
anot her enbodi nent, the conpound has the structure C
"OND2 O Y2 .Ya N, YLY3Y5"ONO2 YON i |l NNN
and all variables are as previously defined. In
anot her enbodi nent, the conpound has the structure C
ONO2 0, Y2 .Y_ NYL Y3 Y5 ON®2 Y

Cl ONO,

A \
/ 2 4
0] Y A ¢
M ~ Y1 ~ Y3 ~ Y5 ONO2

N

/
\
I N—N

or a pharmaceutically acceptable salt thereof, wherein Y1 is CH(CH3) or CH?2, Y2 is O or CH?, Y3 is
C(O) or CH2, Y4 is O or CH2, and Y5 is (CH2)2-4 or is absent.

In another embodiment, the compound has the structure
Cl : ~ _ONO,

\/\/Q \ 2 N J/
O /Y /Y ‘e,
Sy YT s oND,

and all variables are as previously defined.
In another embodiment, the compound has the structure
ONO,

and all variables are as previously defined.

In another embodiment, -Y1-Y2-Y3-Y4- is selected from the group consisting of

- 10 -



ON i I NNN and all variables are as previously
defined. In another enbodi nent, -Y 1-y2-y3-y4- is
w@edoeoted’ from the group consisting of - 10 VEIT/US2007/025233

2008/ 076247 PCT/US2007/025233 Ss" Oi , and §" YOY

y ~/ CH3 0 CH3 0 and all other variables are as
previously defined. In another enbodinent, y5 is

(CH2)2, (CH2)4, or is absent. In another enbodi nent,

the conmpound i s selected fromthe group consisting of

2@9\2}3\3\ er? NNNN-11 2008/ 076247
PCT/ us26Q7/ @\% \? QNG2 \ﬂ/\éf

CH; O

and all other variables are as previously defined.
In another embodiment, Y5 is (CH2)2, (CH2)4, or is absent.

In another embodiment, the compound is selected from the group consisting of

cl
N
o~ A
ONO,

ONO,

Z
—
e
=7
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NI / NN NNC NOYOYOON® ICH3 OON®2 |IIHNNNN
,and CI N\1 NOyO ONO2 OC H3 OON2 N N NN or
w@2@kardgceut i cal |y acceptable salt thereof. |PCHOSI00E025233
enbodi nent, the conpound is selected fromthe group
consisting of | -[({ [(5R) -5, 6-bis(nitrooxy)hexyl]oxy
} carbonyl)ox y]ethyl 2-butyl-4-chloro- | - { [2" -(I
Htetrazol -5- yl)bi phenyl -4-yl] methyl }-I
H i m dazol e-5-carboxyl ate - Diastereoner A and 1-[({
[ (5R) -5, 6-bi s(nitrooxy)hexyl]oxy } carbonyl)oxy] ethy
12-butyl -4-chloro-1- { [2'-(1 Htetrazol -5-
yl ) bi phenyl - ethyl) -1 Hi
m dazol e- 5- carbo Di astereoner B. |In another
enbodi ne A s AN ) 5, 6-
bls(nltrooxy)hex y}carbonyk@§$ hyI

[ 2 - azol - 5-yl) bi phenyl -

2- butyl -4-chl oro-
4-yl1methyl }-1Himd -5-carboxyl ate - D astereoner
007/ 025233 The

A. - 12 WD 2008/ 07624
conpounds of the present tion may have one or two
up to two ((R) and (S))

chiral centers, prOV|dN ’

or four (R R, (S, S) ; and (S, R) stereoisoners.
This invention includes all of the stereoi soners and
m xtures thereof. Unless specifically nentioned

Cl

N
;o\ . »
\MN OYO\”/O\/\/\-/\ONOQ

CH; O ONO,
I and
N-N ’
Cl
N
7\ .
NN OYO\H/\/\;/\ONOQ
O CHy O ONO,

Z=

N—

or a pharmaceutically acceptable salt thereof.

In another embodiment, the compound is selected from the group consisting of

1-[({[(5R)-5,6-bis(nitrooxy)hexyl]oxy }carbonyl)ox ylethyl 2-butyl-4-chloro-1-{{2'-(1H-tetrazol-5-
yDbiphenyl-4-ylJmethyl}-1H-imidazole-5-carboxylate — Diastereomer A, and

1-[({ [(SR)-5,6-bis(nitrooxy)hexyljoxy}carbonyl)oxy]ethyl 2-butyl-4-chloro-1-{ [2'-(1 H-tetrazol-5-
yl)biphenyl-4-ylJmethyl}-1H-imidazole-5-carboxylate — Diastereomer B.

In another embodiment, the compound is 1-[({[(5R)-5,6-

bis(nitrooxy)hexylJoxy }carbonyl)oxyJethyl 2-butyl-4-chloro-1-{[2'-(1H-tetrazol-5-yl)biphenyl-

4-yllmethyl}-1H-imidazole-5-carboxylate — Diastereomer A.
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ot herwi se, reference to one stereoi sonmer applies to
any of the possible stereoisoners. \Wenever the

W@ @BeDi2¢DNEri ¢ conposition i s unspecified, alPCT/US2007/025233
possi bl e stereoi soners are included. The structure
marking "*" indicates the [ocation of a carbon atom
that is a chiral center. As used herein except where
noted, "alkyl" is intended to include both branched-
and straight-chain saturated aliphatic hydrocarbon
groups having the specified nunber of carbon atons.
Commonly used abbreviations for al kyl groups are used

thr OUQIT'H%JE dﬁlggulﬁ??%?ltﬁé [ﬁ'@gelnf)nfvgﬁh&r mafﬁg\tl%n et echéral centers,

repr esen conventi ona I ons | ncI u )
providingforgip tomo §(R)candy§HsIr four{ReR), 5.8 (RxDemtke, Rbsicreaisomers. This

inventid}fint RIIBE ARbT Gt QPe0ifO Rkers and ml)ﬁhmélthéf@éf bﬁnlés@ @B@cﬁﬁ@atl%entloned
rese

other%¥e,ég%éqg%(’)n%?r§;plsgwp %&)ll,rergé} @glé{fﬁ PP chgereogp mers. Whenever
the steCb8ASIRC2Edtposion. is uﬁépeélfﬁhka/ll pos(sﬂolle sté]eo@érrﬁfskayé inclhide. The
structll?r)é%l[lg%lé%ﬁ "Wﬁ%scakesrme focRfion & aa 0 Crﬁon ats ?t 12 akﬁgwgcré:glpegf

I soners, avl ng e Sp eCI
car bonAs ascdmrelﬁbmemwre ncncdi Udkgl" ns intergted to sredudeamdh branched-

and stl;alg}ﬁic}‘nlam sSAtur&ted ahﬁl%?k%)ﬁoca%h#roﬂﬁ%a%% hitd sn[)eg&’lé:ggmu ber of carbon

1S SpeCI - carbornm atons a
atoms| ?ﬁ@a?oné»f ussH aRbreaRtiank far alfiyd gpRuPs TRecused dirppgiaut the specification, c.g.

methyﬁ? ﬂﬁpQﬂéﬁdﬁrlentdd“@ ¢di1\vemﬁdrﬁnatﬂfr@Mhlﬁ’(ﬁ1sGMﬁ@1(ﬁg VO dr@l@?&ea symbol

ana i | scnpnonj trate co P
that s 3 E 1S OGE B £ LFBTRTZT1P. P oot S Y 1 BOICSERed by “EX” or
CHZCHp,qm)pyd roay xuteptdsenged by “Prasr@HyHACHkatyhinay be represented by “Bu”
or CHSCHSEHICRE | 8 0 Hrﬂ(ﬁ” Bor2Cq -OMa k319 Sor XaffipledmedAs liRéhr or

of conmpounds of the present inveition result in an
branchedechamcalley] |ggounsr e luding dhisemprs, Baviegithgtspegjfied nwinber of carbon
atomsc 0]]043 llk!yHinblmﬂSs nAispo/xset-dardatbudyl, 6f andsisepropylpgthyr ahd methyl. If no

eads to a ectati on of a  doubling of ni
numbgrgS Shectiedn AP ST A nisgar [ meRdvaiened iyl eroves
ni trit @hé diviehteicompearsie ofbe @védtian pionle bollaticed NG eeleais®lover mononitrate

analog%g ie'%\fhﬂe m%h%‘?‘t%?e po%%%g?&%%ﬁf#rd%se%fto rafs rgs%ﬁlm F&%t%%tl’lt%rlpecws circulating in

term ne aortic slices,
plasma Wit B9 mekpoaceniyattadothePol- 28 uNb@n&eeﬂwlalt dosing of carenppodsrad the present

mvenu\m kil BrAGHSSctadY qa9§e lme‘asmlmmlr@qméﬂoecénaﬁmasa con51derat10n of
r that conpound Q nononitrates

fo ch are
St°‘°h'@‘i“%‘9t lé‘i‘dst‘%%fhe"lpﬁ‘éa‘fon‘fé’f égg‘ié’“é& B%'Ei”éed'eb“é% e(é""&‘?“i“f?é’f the "‘Vem'o“
howevéd, pioeide @ Akiite ildvel in@kat ndRstharpuwolbldc el malitre vissdebased hkisure of

vessel I’J]a@(agcﬁln 8@t iR fabDiPadrhic Micgso sﬂ(ﬂv lafgR mﬂ%eerﬁe(ﬁts if B 50 (molar

conmpound admi ni stration was obtai'ned from studi s in _
concengptienf s obpavind whicBDyoduatss> 0 %tef wiennaxi mamipossibdd response for that compound)

compafQ TP RRGhitrdQ WIRH £dgrellel RiSthé herehRex pd2ll bh&d bh El%)shﬂ:hxometrlc

the appearance of reactive nitrogen species (R
mh“°%§§bssed usi ng the diam nonapt hal ene derivitization

( DAN) B&sﬁeymca@emaawetﬂ& tHe g%naaldmtmw adihand rdspeit td ke dompound
re test onpo
admini R F P DY RAGY P DAL e o YOG ELa i et compound

to fastédrb v exsg @0 mple| PAXaesubbninalesappearance of reactive nitrogen species (RNS), assessed
using the diaminonapthalene derivitization (DAN) assay. Compounds 1-3 as numbered and identified in

Data Table 1 below were tested, compounds 2 and 3 showed improved RNS levels and improved ECs

values in vessel relaxation assay.
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- 13 WD 2008/ 076247 PCT/ US2007/ 025233 Data Tabl e |
Structure Conpound Nunmber EC50 in vessel d

w0 edoana2eon assay N 0, ON0O2 O 6.0 M NN HN NeCTZUSN07/025233
OOYOONO2 Oii O6 NO2 2 1.0 M NNl HN-N CI N YOYOY
OND2 Ol 0OONO2 31.3 M NIVY HNN Conmpounds 2 and
3 are diastereonmers. RNS |evels for the tested
compounds are shown below in Table 2. CYP inhibition
data for tested conpounds are shown in Table 3. NWR
Compound 2: 1-[([
[ (5R) -5, 6-bi s(nitrooxy)hexyl]oxy}carbonyl)oxy] et hyl
2-butyl-4-chloro-1-1 [2'-(1Ht et Damdlable 1
yl ) bi phenyl -4-yl ] nethyl) -1H i m dazol e-5-carboxyl ate -
D astereoner A (the second di astereoner to

Strl_IQt_UEQ Compound Number EC50 in_vessel_

relaxation assay

1 6.0 uM

O : 2 1.0 uM

Y~ "ONO,
ONO,
3 1.3 uM

Compounds 2 and 3 are diastereomers. RNS levels for the tested compounds are shown

below in Table 2. CYP inhibition data for tested compounds are shown in Table 3.

NMR

Compound 2:

1-[({[(5R)-5,6-bis(nitrooxy)hexylJoxy }carbonyl)oxy]ethyl 2-butyl-4-chloro-1-{[2'-(1 H-tetrazol-5-
yDbiphenyl-4-ylJmethyl}-1H-imidazole-5-carboxylate — Diastereomer A (the second diastereomer to
elute by HPLC chromatography on silica gel — see EXAMPLE 1).

'H-NMR (500 MHz, CD;,CN): § 7.71 (d, J = 7.5 Hz, 1H), 7.65 (t, J = 7.5 Hz, 1H), 7.55 (t, J = 7.5 Hz,
1H), 7.51 (d, J = 7.5 Hz, 1H), 7.10 (d, J = 8.2 Hz, 2H), 6.98 (d, J = 8.2 Hz, 2H), 6.80 (q, / = 5.5 Hz, 1H),
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el ute by HPLC chromat ography on silica gel - see

EXAMPLE 1). "H NWR (500 MHz, CD3CN): S 7.71 (d, J =
wQ2®8M26241 H), 7.65 (t, J 7.5 Hz, | H), 7.55PCT/pS2D0#025233

7.5 Hz, | H, 7.51 (d, J 7.5 Hz, | H), 7.10 (d, J =

8.2 Hz, 2H), 6.98 (d, J = 8.2 Hz, 2H), 6.80 (g, J =

5.5 Hz, | H, - 14 WD 2008/ 076247 PCT/ US2007/ 025233

5.50 (dd, J = 27.2, 16.7 Hz, 2H), 5.32 (ddd, J = 13.0,

6.5, 2.5 Hz, 1 H, 4.79 (dd, J = 13.0, 2.5 Hz, 1 H),

454(dd = 13.0, 6.5 Hz, 1 H, 409(tJ:65Hz,

260(tJ:77Hz 2H) 1. 73 (hex, = 7.5 Hz,

550(%1[3%%2 gﬁﬁz Zﬂ-[)‘S%Z@d{'é”— 1%3;3; 6512?1% (ﬁ-g J7g(dd ? 'g'§0 2.5 Hz, 1H),
4.54 (d§ = 13045 ({h,ew) 409:(t7 565Hz, @H—b26@(t35 (17 Hz3 2H), 7,78 (htx, J = 7.5 Hz,
2H), 1.35)p, JCOMJHH 3i. 581cp[ﬁ175Hz 2H) 149(d J= 5.5 Hz, 3H), 1.4 (hex, = 7.5 Hz,

bi t nyl) oxy] et hyl
210, 158 ks P2 G50l S OISRV SIS AR, 1 carbonyl ) oxy] - ethy

yl) bi phenyl - 4-yl ] nmet hyl } - 1H-i m dazol e- 5- car boxyl ate -
Comp(ﬂ{i_‘ tereoner B (the first diastereoner to elute by
PLC chr omat ography on silica gel - see EXAMPLE 1).
1-[({ [(S - MRis(nBo®x Julbiex yl JORBICAponyH oFy |68y I 2dbutyll-4=chifor- 1 HA 2 -(1H tthtrazol-5-

yl)blphzn)ﬁzt )(l metlé'l}‘ 14: 11511&5'%01e —ckpboxﬂatéz dléIsterel)mer ﬁ (E’ie Iﬁ'?st diasttaeomer to elute

by HPIC %Omtogréphy @ Sd'crq;_gel ﬂqy XahL E( lc?; Se 55 Hz 1 H)
'H-NMR 800 Mitk, CH,eNRS D69 5J & 7HzHz, 2H),,7.62. (63 =(78IHz, 13)77.98¢¥ = 7.5 Hz,

1H), 738?%1(-fd5,ﬁlz lé—ljj,l 0(d %7§0(}_I-|§deIi)J|§D96J((iJ 8%{{5 )}% élg?llt 5.5 Hz, 1H),

5.50 (d@Hj = 28.556.5 Hz, 281), 5.3, BddsiZ = 13268.5, 25 A4, (Hhek79 @d=/ # 1501—&5 Hz, 1H),

4.55 (d%"D: 1&0%45 ﬁE’ 1@ 4-097<t51i'l§5H% H), %55? 197 5~hz 2}71)57"'%1% J=175Hz,

2H)
2H), 1§1L|§p Jf7257H“g§Q 135(.9 17 §5|.I]iz 2 ),1)149@ng(§sz3}~1_-) 17445(l‘p&1 7.5 Hz,
2H), 1.3Hhex AsS Y HZ0PHIROR2 (1, Y& 7N i, 9gen Speci es (RNS) (DAN
Assay) RNS were detected as S-nitrosothiols (RNSGs) in
EDTA—treat ed rat plasma using an HPLC fl uorescent
fos ReactipaNabgemSpehies (RNIADADF Aant ka and Par k (Met hods

E v .

s
HPLC flgorgssentjapsay fased p@g@mem?d@éf(@gghang@adq (Meghgds Enzymol. 1999, 301, 227-
235). Bhedndthais BRBANTH aétledfi%n Q)?%N)resa&fd %E&hﬁpl{ijlh&t{l@ld%i%mk) formed in the

rel ea nedl at e re

reactloggetva%n %ld@%@%ﬂlamﬂqga g\glgp%/ gggﬁ meerllv\%?gmum m01ety oWﬂSNOs
released hy big@t.ogdaapdidaleakdywn efitbe SO indnes hdtehdBion atixtuieheas chromatographed
by revefrJeH m:nfsg ?ﬁ’gb gd‘i{ﬂ@h S;?%ﬁér{g 1g£a€%94j1¥ ?eq?lbgl R%g)g 1{@3} quant‘_ﬁ&

( 20 L) Plrsag 2 ph wasggry A Ga i dn 20 e éh} 8@ black eplypropypne untreated
microtiRk EII&% EDﬁNrera erb pi 1P wki 166 u}OﬁbJ\N 114-@ Q PPMZDA%M'H&]A was added,

was added, . and
and the; HH%%HP%‘E‘%W' el Qﬂa%% B'&E?é“afrl ngtsxmnd it iadhe dark for 10
min. Pt wercCeeh@ifep@dd (2000 e, Slatik) ah@chilléd to 4 °C before HPLC analysis. HPLC was

carried out on an Agilent 1200 system using a chilled autosampler (4 °C). Samples were

chromatographed on a C8 column (Zorbax Eclipse XDB-C8, 4.6 x 150 mm, 5 pm) with isocratic elution
using a mobile phase of 67% MeOH, 0.1% NH,OAc and a flow rate of 2 mL/min. NAT fluorescence
was monitored at 450 nm using an excitation wavelength of 360 nm. Calibration curves were prepared
using NaNO; in control plasma. Typical range of quantitation was 0.1 uM to 30 uM NO,.
Data Table 2
RNS levels — Compounds 1, 2 and 3 and Example 3
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mn. Plates were centrifuged (2000 x g, 5 mn) and
chilled to 4 C before HPLC anal ysis. HPLC was carried
wWo@i0s0m23n Agil ent 1200 system using a chil | edPCT/US2007/025233
aut osanpler (4 C. Sanples were chromatographed on a
C8 columm (Zorbax Eclipse XDB-C8, 4.6 x 150 mm 5 m
Wth isocratic elution wusing a nobile phase of 67%
MeOH, 0.1 % NH4OAc and a flow rate of 2 nL/mn. NAT
fluorescence was nonitored at 450 nm using an
excitation wavel ength of 360 nm Calibration curves
-were prepared using NaNC2 in control plasma. Typical

range of on—was 01 -Mto -30-MNO2-Data Table _

2 RNS | he@y Conppunds 1, 2 ppd 3 and E)ganpl e 3. - | Example3: ..
15 WO 2 PCTHUS20071 05233 —Tmet 123

Exanpl e [ 0 0.4+0] A2+D.12+0. 13| 1.84001325 (.15 + Q.25 0.5
2.8+0.7 L7+1.32 |7 6 12. 4+0.(33 0. 49

2 ar0 08 b 06 6 o BB 5 1p TR F0un |14 218 g | 125

0. 0+0. 04 3. 6+0. 36 01.6+®@.380 0. 0] 5.C¥P3W4A Til met-Dependent| 9.06

I nhi bitijlon Assay Pogl e uman | yver_ Ju cr ¢sone

mg/ L) e preincu (ggftgdﬂat 37é &rtorggl dﬁf gé‘{M of |20

Compound 44 or Conplommqio:i)@ n 1001.6Mopst ass io phesphat .0

buffer (pH 7. 4) with I nmv EDIA~ © mv vgU 2, and an
NADPH- generating systemfor a duration ranging from5
CYP3ADTidk-DépendehhBhibitivauadyl on nmi xtures were dil uted

10-f ol thth sane buff ai nin o

t est 0s 0eo\rf\"a!ong mah ﬁveérﬁmc ?gé"ﬁpé'ir’lﬁt [P %V%‘?Déi%%[“r# C with 10 and
50 pMiofy Sgtmmundri on&smpoyidi nnd 60 mdf ptaassradwctjlmpcbntalbuf[a (pH17.4) @/ith 1 mM
EDTAIFﬁHM p{g aﬁld%ﬁ\ﬁiﬁpH génePa‘ﬁﬁ%%Ie%h%Pg er?J}NrQE #«%59@30 min. The

order rate const ctivation
incubagjen wttﬁwmdlmt%fél%\yﬂm? a%r@oburffﬁb?ﬂntavfénmwaﬂ\fl {getosterone and an

NADPHL @2hératiig siyfi@rln| rm@ﬁmf]umlbd ?@s&{?nlﬁnﬁﬁﬂ €sr3h @ididdhal Yeinm t@ﬁnomtor the extent
- the n I - .ogar i (0] t he renul aCtIVIt as

of estqs{ifort B By RRE Tof Rt Rirurt el Wephi S dstidnarighna 50 v

were c{lRdated figm theAjegatiVe ﬂ’ppmfdhethb;s tokat reyesdepanlysinbf the natural logarithm

of the HeHiQi'nm at:t(i)\nt (%fs OG%YP?f fgﬁll;el u l g%g&}da&?@%négy bethm: g{k:aang, PA).

rate const nt ectl Oy
I'n con%%fﬁﬁ’%’@ﬁzC@%@’H?fd"«@"%&é‘“&‘bﬁ@f‘@f Cb’B%ﬁﬁctwny at 10and 50 uM,

with a Faltemibnﬁﬂﬁ %fld 078 ard3RinkiRT, r&‘&e&VQ?Aﬁb coMphfisoh 2 &mpound 3 was a more

3 ratea cnonstants ~(’)Vb7Pam a;lp ?(Pand 58 uM.

potent ﬁr(l)le depen ent m%lbltor ofrEﬂDSA4 wit

Data Table 3
CYP inhibition — Compounds 2 and 3 _
Compound Rate Constant (k,p; ) Rate Constant (kobs)
at 10 pM (min™) at 50 uM (min™)
Compound 2 0.026 0.037
Compound 3 0.077 0.076
Mifepristone 0.077 0.070

Rate constant of solvent control = O 006/0.007 min™'

The angiotensin II receptor antagonists of the invention are useful for the
treatment and/or prophylaxis of diseases which are related to hypertension.
- Oral dosages of the angiotensin II receptor antagonists, when used for the
indicated effects, will range between about 0.0125 mg per kg of body weight per day
(mg/kg/day) to about 7.5 mg/kg/day, preferably 0.0125 mg/kg/day to 3.75 mg/kg/day, and more
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CYP inhibition - Conpounds 2 and 3 Conpound Rate

Constant (kObs) Rate Constant (k,,bs) at 10 M(mn-")
W@e00807d{m n-') Conpound 2 0.026 0.037 ConppCitSB07/025233

0.077 0.076 Mfepristone 0.077 0.070 Rate constant of

sol vent control = 0.006/0.007 m n" The angiotensin I

receptor antagonists of the invention are useful for

the treatnment and/or prophylaxis of di seases which

are related to hypertension. Oral dosages of the

angiotensin Il receptor antagonists, when used for the

i ndicated effects, will range between about 0.0 125 ngy

prefelﬁﬁlé/ o 2(3fm glﬁa eg 23?3 Eb’ﬁ%//k%a%ri 2%%%%%3%? 8b Qg %Qgg{t would receive

betweﬁ@ﬂ@qddyg/dah and 890 mefizyvesclrveiay o 7egday to 00 me/day, and more

preferE’ﬁF]/ﬁSSﬂ Dy Q2 btBrg/day efaesuadably &eéﬂ@cﬁnﬁﬂfck%ﬁ’ﬁbr b@ce 2 day

adelI]SéI('? 10{}&% Ecg{"\)\'ééﬂmEWO%F %m&gg gﬁg r@@?%ﬁrlagglybetween 1 mg and 300

mg, apd mbey priofeyatily gtvabay 26ong 6 30Y) nigye.gaf mig)rSG mg, 100 mg, 150, 200, 250

and 3(56' ﬁl erﬁgl/ %%%O@n%qﬁy ]altééqot]eﬁgn Tp{eg%or éﬁl&%ﬁ ?{J 2y be be admlmstered in

once
lelde\%iﬂS%ﬁ efifwe. doer ar fouséimesdlaily. Her admwinsoationtwipe efdey goiujtably

prepa&ﬁtﬂm&enmoﬂﬁﬁcdﬁ%n b&BkecA0S Hiraﬁd lO@t-r%’ B@fé’rapféftﬁé’?@&n 0.5 mg
and 15bE 5y Praf%aabggéew%n 1R Rl Lo By ng@%ﬁ& ot @gsPhme. 75 me,

100 mig| 12%ogpindriS&@mg@goni st s nmay be adni ni stered i n
di vi dequgﬁ? 8teﬂ%1ntIWece[St§¥ S{%a% mst£ ?P ttl)]rs 1nven§18n con %e a(l:mlmstered in

adm ni s
such argldpranemtablgtsu Fapsolspand grabeme é‘he angotirrgmarihre:eq&ong]tagomsts are

typicaR¥ %ﬁﬁﬁrﬁgkﬁéd%tal@ﬁ‘@é"mgreﬁléﬁgs maaﬂﬂmgtﬁgz Wh sﬁpib?e gr[a‘?fn%@h@ c¥1 binders as

descrlﬁﬁ(} l\;ggwngo w?m%pwéges I%Wﬁ;@hh%c% @f th mq-lﬁ@tegﬁ@qnet)gﬁgtp gonstituent
compdréd tcethe pétar compodjivni Suitabit filless used emthewdé‘sage Bfms include

mxcroc?rglg?aﬁlrngtrcl:g llﬁgse .?hlgsfue%] g:{ocr%stzﬂ[lpei cee}@& sst %1Falg“1{rg§lg%5b?et§, lactose,
manmmleandt sygpbairtfyradv@rnmrscresteulnaseusdmsw dxqalcgne @heml@tei, factose or
mixtuRed '@Ee’f&df" %u%ﬁl@ b%&e?ﬁhkﬁd@h?ﬁx@ﬁ?ﬁHF%l%hu@ er a tpyl ¥nethyl

describ bel ow. % w/ w expresses e wel
cellulqsf oSt %’é%t@d NRIYF S8SATF BHFNAS BMtcOEuRMReta &%ﬁﬁ;ﬁf @unyegtgeers, natural

and syntHetit g0ARROGH 49 MAciaSuthdaabitl of sddighalgiead, datbdyasehylcellulose, and
polyvm?lsg)%eohfdgﬁgs L{lgr(i:éalljlgs used in these dosage forms include sodium oleate, sodium
stearate, magnesium stearate, sodium benzoate, sodium acetate, sodium chloride, sodium stearyl
fumarate, stearic acid and the like, preferably magnesium stearate. Suitable coating
compositions include aqueous dispersion or organic solution of insoluble polymers such as ethy!
cellulose, cellulose aetate, cellulose acetate butyrate and acrylate copolymers commercially '
known as Eudragit®. Plasticizers include triethyl citrate, dibutyl sebacate, dibutyl phthalate,
triacetin and castor oil. Antitacking agents include talc, kaolin, colloidal silica or mixtures
thereof.

2-Butyl-4-chloro-1-[(2’-(1-H-tetrazol-5-yl)biphenyl-4-yl)methyl]-imidazole-5-
carboxylic acid is the active metabolite of 2-butyl-4-chloro-1-[p-(o-1H-tetrazol-5-ylphenyl)-
benzyl]imidazole-5-methanol which is available as a monopotassium salt (also known as
losartan potassium salt). Losartan potassium salt is available commercially as the active
ingredient in COZAAR® (Merck & Co., Inc. (Whitehouse Station, NJ)). The preparation of
losartan potassium salt is described in U.S. Patents 5,138,069, 5,130,439, and 5,310,928.

Tetrazolylphenylboronic acid intermediates useful in the synthesis of losartan potassium salt are
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m crocrystalline cellulose, silicified
m crocrystalline cellul ose, dicalcium phosphate,

wo ae80%247 mannitol, and starch, preferably  PCT/US2007/025233
m crocrystalline cellul ose, dicalcium phosphate,
| actose or mxtures thereof. Suitable binders include
hydr oxypropyl cellul ose, hydroxypropyl nethyl
cellul ose, starch, gelatin, natural sugars such as
gl ucose or beta-l|actose, corn-sweeteners, natural and
synthetic guns such as acacia, tragacanth or sodi um
alginate car boxynet hyl cel | ul ose, and pol yvi nyl

described irn(U isd Pﬁ'@nt 5—2’&?’ BWnAéleéﬁﬂ r%'a{én{sh@lﬁgh doRpge RF&E&ﬁes useful for

i ncl ude sodi um ol’'eate, so magne
making desgrtan éncludsdy SnPaents (%ﬁ?é) 8450 th8dfnl A6 %7"&86 5813814, and

5,859.0hg8.0oride, sodiumstearyl fumarate, st earl C aci d and

the 1i nesi ym st ear ui tab
oot | nESmpBll IR e R Sl itieC o B dtopetpsiom salt as the
starting mgmeriad, ooiningi the cafrespnsdihg bardopylicyavid gs mLBtEp As peitdrying the tetrazole

ring aiﬁlzyj B8S ﬁlgﬁgﬁtgécyl)fgsrﬁté ) ﬁ(ﬁnypo%ﬂh ltlllgt (?sss%ltgﬁl%tf?’nt ﬁnl&m% to the compound

nmers conmer ci al
formed, in $igH Bagisingthe blPineiSQchpmp@unmq foaie anraster and deprotegtieg as in Step

C, and%hﬂiné' thé Gé’sﬁ%atsﬁlt (Q%btﬁe)ﬁotf@ﬁhhﬁdaﬁtﬁ in St I?)CeAlté}nﬁT\QIy, compounds

oi.l itac

ts i.ncl ude ? ah
can beCHSFmaa?cbgqm% }o's?la%p mtasrﬁl%? ag &g staring mgterial, forming the correspondmg
carbox3diBuatiyl as4n Shdpak oprépdr(rg’ a Kid-nktrdxgtdoazound that Jsuujthels Yor Hnking to the

comp&{]I %igg}r‘béﬂltlll §t§B ga 51{@ h% AFISC ﬁvr%g)(x)é h%o?x?d ?) tloﬁm a e%te?cgndvfgrming the
desiredHsalietersztbe pstagsipmenllay in BiepnB)] | i ni dazol e- 5- met hanol

whi ch Afe@¥@bd1fRosn K g
I osa?t an pﬁt gssqagrr}w@sségﬁtmgqﬁﬁ%g?r Fg?ﬁgc%(ﬁtgég E?}Ezsgp\mtyl 1H

as
tetrazqlo-whid; | Zpheny Brfirell eethyllyl idepsimnidaep ey eapyylicicishes thy starting
materlm@éﬁ(rfng a(%hﬁbo&y@@mpohlﬁtttha( Whuitgtle Gsginkirg toQRe starting

compoalgé,c rslukgetgl %hs-%?égg(bg?rgmundéo?%%ﬁ %ggero ta g(a_um S%e&jﬁéi?ed salt (e.g.,
the pogsguwd, sgR8s in JtepmAzol yl phenyl bor oni c aci d i nternedi at es

useful in the synthesis of |osartan potassiumsalt are

-17 WD 2008/ 076247 PCT/ US2007/ 025233 described in

U.S. Patent 5,206, 374. ABKANYIBREI! patents which

descri be procedures useful for making |osartan

include U. S. Patents 4,820,843, 4,870 4,874, 867,
5,039,814, and 5, 8%9,258. Conpounds 3 ﬁld nvention
'can be prepared usi salt? as the
starting material, i ng

car boxylic aC|d as. i rotectingjthe
tetrazole ri/fE : ' bi s- ni trooxy
conmpound tha 2 to the conpound
formed in Step §, U gthebs ni t rooxy conpound to
form an ester ancNeprotecting as in Step

HN.N-_N

Step A: (2-butyl-4-chloro-1-{[2'-(1H-tetrazol-5-yl)biphenyl-4-yljmethyl}- 1 H-imidazole-5-
carboxylic acid (E3174)
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C, and formng the desired salt (e.g., the potassium

salt as in Step D). Alternatively, conpounds can be
w@e@pared’ usi ng | osartan potassi um as the starPCnys2007/025233

material, formng the corresponding carboxylic acid

as in Step A preparing a bis-nitroxy conmpound that is

suitable for linking to the conpound forned in Step

A, using the bis-nitroxy conmpound to forma ester, and

formng the desired salt (e.g., the potassiumsalt as

in Step D). Alternatively, conpounds can be prepared
.using 2-Ethoxy-I-[[2"-(1-trityl-IH tetrazol-5-yl)]

1, 1' - bi phenyl ] - 4-yl ] net hyl\ - 1H benzi m dazol e- 7- car boxy

lic acid as the starting reparing a

bi s-ni trooxy conpound that e for linking to

the starting conpoynd | SO trooxy

compound to form a brm flg the desired salt

(e.g., the potassi ¥ in StOp D). EXAMPLE 1

N2 L,.ONO2 C OO O._LN HN...N Step A

(2- butyl 4-chl oro-1-fHN

[2'-(1Htetrazol - 5- yI)prhﬁenyI 4-yl]Jmethyl)-1H i m dazo

R

cooled to Q&5 AhQdedpatassimiydroxidaégid .0kt bob maﬁd@dsfollovvhé by losartan

potass\ﬁﬂh OO"QSI 0Bl doliRnPpdriodite (854 F P8 Apt) 'dml RUAL KN GRT) chloride
4 o was added fol N'owed b¥) osart an
i

hydfﬁ%é? £ B%rm(ﬁb@dgt 1eaggORBI e Wi Ui byerighisEhereaction
mixtui2. vo&} filedrgd. alrh (A Enivasaddelditd tlcdﬁfﬁlﬂfatdj\ehll&ydﬁag eThd 2ol@tion was

warme% t%%Sr@h%nd%%greh I?gr i %?St iRHeer 5 Bysr ephospshorlc actd (q 26(5 rrg_,) was added,

r eac I on
mamtammg the temperature below +30 °C. The mixture was stirred for 30 min and the product

was filtered, washing with water. The residue was dried in the vacuum oven at 55 °C overnight.
The solid was dissolved in methanol (4 L) and isopropyl acetate (12 L), and charcoal (activated
carbon) (100 g) was added. The mixture was stirred at rt for 3.5 hrs, filtered and concentrated.
The product was redissolved in DCM/MeOH and precipitated with heptane to afford the title
compound as a greenish/brown foam which was used in subsequent steps without further
purification.

Step B: 2-butyl-4-chloro-1-{[2'-(2-trityl-2H-tetrazol-5- yl)blphenyl -4- yl]methyl} 1H-imidazole-
5-carboxylic acid

=N
Na-N-cph,

To a solution of E3174 (234.58 g, 0.54 mol) in DCM (4500 mL) was added
triethylamine (85 mL, 0.59 mol) followed by a solution of trityl chloride (159 g, 0.56 mol) in
DCM (800 mL) and the reaction mixture was stirred at rt overnight. The reaction mixture was
washed with water, dried (MgSO4), filtered, and concentrated in vacuo. Chromatography over
silica eluting with 20-80% acetone/heptane afforded the title compound as an orange solid.

Preparation of (2R)-6-hydroxyhexane-1,2-diyl dinitrate
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m xture was filtered. IPA (90 nL) was added to the

filtrate while stirring. The solution was warned to
wQ2080an2d7 stirred for 2.5 hrs. After 2.5 hrs.,PCT/US2007/025233

phosphoric acid (1200 nL) was added, nmaintaining the

tenperature below +30 C. The m xture was stirred for

30 mn and the product was filtered, washing with

water. The residue was dried in the vacuum oven at 55

C overnight. The solid was dissolved in nethanol (4

L) and isopropyl acetate (12 L), and charcoal

(activated carbon) (100 g) was added. The m xture was

stirred at rt for 3.H P N nd concentr at ed.
The product was redissol ved in: @H and
precipitated with heptane to a dthe title

CONPOUDge Afe SoMpARR »§ ﬁé@%‘d BsO@éIbMISEdClH WBB0USFRORBS AL).
subsequent steps W|t 0 urther purification. Step
B 2- bﬁ prajon Al Ry ﬁbl nitrooxy)hexyl 1-chloroethyl carbonate

[2'-(2tr|tyl 2H-Q| @@I ) N04 yl} rrethyl)
ylic aci

-1 Himdazol e- 5- ﬁﬁl‘ N.
N CPh3 Toasolutlon of TE3. 174 (2 %g, 054 m)l) in
DCM ( 4b@hiorbgthyiechlerd@@thatd (6. 4ﬂl|n¥,l B&Qmﬁnéﬁ&aﬁiadd&i &Bpwise to a -

stu‘red[%%i%lon?ﬂf (?K\)ﬁg h%ﬂ§(§%%% Of‘dﬁl i gtg lafch: 4 . gl?n)?t(lﬁ?srgd tgi’ethylamine
(8.95 més%tzumm@ld imbGM (26femhb) gh() °Cméter éécthecmlumomwasevwasd with water,
dried (MSGH), mtéﬁd‘yﬁ@l @bnceddfrhRd it VR4 ) The réél&lf‘er Wb @Pﬁ g column

concentrat ed i n vacuo. _Chromat 0 rap y over
chromajography oRislica2s! gavpgwithondd hé&xpney Qv the txtlmcpalpound as a

colorlé»9 BHOUBONNMR e500VIBIzgEDEB) 816.4B1( g 8101197 10f), 5.28 (ddd, J = 13.0, 6.2,

NI e LR K ppe

1.82 (d,iJt# 6. 0dmpPbnt8Wels7 btreptiled.63s1 46y 2Had i n
A e A L e

tetrazol-5-yl)biphenyl-4-yl]methyl}-TH 1m1dazole S-carboxylate

"ONO,
ONO,
\\\\(,N cl
Nl 0._0._0
W)~ T T
=N
HN,N.’N

(5R)-5,6-bis(nitrooxy)hexyl 1-chloroethyl carbonate (7.67 g, 23.2 mmol) was
added to a stirred solution of 2-butyl-4-chloro-1-{[2'-(1-trityl-1H-tetrazol-5-yl)biphenyl-4-
yllmethyl}-1H-imidazole-5-carboxylic acid (6.30 g, 9.3 mmol) and Cs2CO3 (3.02 g, 9.3 mmol)
in DMF (186 mL). The solution was stirred at 70 °C for 2 h. Water (50 mL) was added and the
solution was extracted with EtOAc (3 x 100 mL). The combined organic layers were dried
(MgSO0a4), filtered, and concentrated in vacuo. The residue was redissolved in MeOH (186 lﬁL).
After stirring at 70 °C for 2 h, the solution was concentrated in vacuo. The residue was purified
by HPLC chromatography (50x100mm C-18) eluting with 40-100% MeCN/water + 0.05%
TFA. The diastereomers were then separated by HPLC chromatography on silica gel (ChiralPak
AD-H) eluting with 20% MeOH in supercritical CO2 to give the title compound as a white solid.
1H NMR (500 MHz, CD30D) 6 8.06 (d, J = 7.5 Hz, 1H), 7.62 (td, ] = 7.5, 1.0 Hz, 1H), 7.56 (td,
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ClyO-O ONO2 0O ONO2 1-Chloroethyl chloroformate (6.42

m., 58.9 mmol) was added dropwi se to a stirred
waetoshiam of (2R) - 6- hydr oxyhexane-1, 2-di yl di nPCT/ESB07/025233

(12 g, 53.5 mmol) and triethylamne (8.95 nL, 64.2

mol) in DCM (268 nL) at 0 C. After 2 h, the solution

was washed with water, dried (MyS04), filtered and

concentrated in vacuo. The residue was purified by

col um chr omat ography on silica gel eluting with 5-40%

Et OAc/ hexanes to give the title conmpound as a

colorless oil. 1H NWR (500 MHz, CDC13) S 6.40 (q, J =

1=6.5 Poﬁ? dllxi'?]445 d2§3—(éj§lfjlz 1]H)‘71 4;3 J682()H(z?’2 )'d299 (ligrisonz 2H),

6.87 (e 5= Ha, 1), 54341é»14— fé) I(iﬁq%@H; 24 (ddgJ < IB. 036 2, %0 Bz, H), 4.73 (dg,
= 12381..5 Hz8R9) 445 (@a) J 4183.0, 6.563z, 11H464.0 M4 8Hm, SUER.76.(t, J = 7.7 Hz,

2H), t}y«gé{{g(g?gf)m—g iﬁﬁéﬁo‘”—l gf’l%xy%@ﬁ% Dy S HROTYE ) 0%y ethy Hz, 2H),

0.90 (t,dt= a2dz 3Hy] DOMSh@hyH) bupd [73idt hyl }-1 -
H' i m d%ﬁ? Wo ﬁfagtg ?‘E){%S?]EI ted’ angél%uatled% ]j\!lsgrgcg'ners Aand B

Step T RiSsiuge B {150t bR (576-Diromis)bomiony ladeonyhatsthoxy -

carboﬁ)Q) 2-buky114-8lo 20| Miiirfdhzef- I%d]k%éttwl lﬁ‘lpﬁé’ﬂymoyl)tl:traz{ol 1-ide
-(1-trityl-1 Htetrazol-5-yl)bi pherg

yI]rrethyI} 1H i m dazol e- 5- carboxylic agl 30 g, 9.3
mol ) and Cs2COB (3. 9.3 mol) inPEP286 ).
The solution was stirrdqd aN 7QC for 2 hi Water (50
m.) was added and the ‘ugf on_was extradted with

Et OAc (3 x 10
dried (MSO

ayers were
o’ and con enjyrated in vacuo.

~ The residue ol ved i 9 MeOH (186 ni). After

stirring at K O 2 h, the solution was

concentrat ed ®nN, 0. The residue was purified by

HPLC chr omat ograpfly (50x 100mm C-18) eluting with

40- 100% MeCN wat er + 0.05% TFA. The di astereoners

‘é":{e t SsREP A B t%% rp%h%ﬁcnh‘%o 5%{9{?@@%&1%&6]&%‘ of 1-[({[(SR)-
5,6- bi%mgeqxcybhetwlhab/}O&’l@nﬂ@xg]eﬂel 2 hetyt #-chleroclo hig ol HetetgiazokS- ylbiphenyl-4-

yl]metmgtlﬁ 1%9&3'2% -5- Jarﬂdx%&@éf%qg_ : ’mrg@?mAQ6§ n@ﬁ (I"Qe soﬂutron was stirred

at 25 (thar 3 h.’ The reaction mlxture was filtered and tﬁe ﬁltrate was concentrated m vacuo The

residue was redissolved in DCM (6 mL). Heptane was added until the compound began to precipitate.
The solution was concentrated in vacuo to give the title compound as a white solid. 1H NMR (500 MHz,
CD3CN) 8 7.72-7.68 (m, 1H), 7.40-7.33 (m, 2H), 7.33-7.28 (m, 1H), 7.12 (d, J = 8.5 Hz, 2H), 6.87 (d, J
= 8.0 Hz, 2H), 6.88-6.82 (m, 1H), 5.47 (s, 2H), 5.32 (ddd, ] = 13.0, 6.5, 2.5 Hz, 1H), 4.79 (dd, J = 1.3.0,
2.5 Hz, 1H), 4.55 (dd, J = 13.0, 6.5 Hz, 1H), 4.08 (td, J = 6.5, 3.0 Hz, 2H), 1.71 (q, ] = 13.0, 7.7 Hz, 2H),
1.61 (hex, J =22.0, 14.5, 7.0 Hz, 4H), 1.50 (d, J = 5.5 Hz, 3H) 1.49-1.37 (m, 2H), 1.35-1.26 (m, 2H)
0.85 (t,J =7.5 Hz, 3H); LCMS (M+H) found 731.1.

1-[({[(5R)-5,6-bis(nitrooxy)hexyl]oxy }carbonyl)oxylethyl 2-butyl-4-chloro-1-{[2'-(1H-
tetrazol-5-yl)biphenyl-4-ylJmethyl}-1H-imidazole-5-carboxylate formed in Step C was also separated
into two diastereomers using HPLC chromatography on silica gel'(ChiralPak AD-H) column using 25%
MeOH in supercritical CO? (4.6 x 250 mm, 20%MeOH/80% CO2, 2.1nml/min, 100 bar, 40 °C) with

diastereomer A the second in time to elute and disatereomer B the first in time to elute:

Time Area
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-20 WD 2008/ 076247 PCT/ US2007/ 025233 J = 6.5, 1.0 Hz,
1H, 7.44 (d, J =6.5 H, 1 H), 7.17 (d, J = 8.0 Hz,
WQ@R)og/0@290 (d, J = 8.0 Hz, 2H), 6.87 (qgq, J = BCBUSWN7/025233

H, 5.54 (d, J =6.0 Hz, 2H), 5.24 (ddd, J = 13.0,

6.2, 3.0 Hz, | H), 4.73 (dg, J =12.5, 1.5 Hz, 1 H),
4.46 (dd, J = 13.0, 6.5 Hz, | H), 4.14-4.04 (m 1 H),

2.76 (t, J =7.7 Hz, 2H), 1.76-1.59 (m 6H), 1.61 (d,

J =55 Hz, 3H 1.55-1.40 (m 2H), 1.38 (hex, J =7.5
Hz, 2H), 0. 90 (t, J =7.5 Hz, 3H); LCVS (M+H) found

731.1. The two di astereoners were separated and

| -5t
?V?4uag BRI &1 © [9@;1%"@ gng.g "g‘?’?‘gbx ‘5‘)7%%%% oxy}
car boniaptsisprearHoxy - eszf-r'l‘fiﬁhyl) %Hliﬁ%ﬁl

H i m dazol - | -yl] nethyl

bi phenyl - 2-yl ) tetrazol ON02 N C -
QD ,0T0I0 Ke _N N, N, I\}&ngﬁgﬁRiﬁlcar bonate (945 nmy,
6.84 mmol) was added G ution of 1-[({

[(BR)- 5, 6-bis(nitrooxy) hexyl] gég } car bonyl ) oxy]
et hyl 2-butyl -4-chl oro- I P

6-hvdrbky1h@>tahaz oldiv dyr{ ik pheny! -
AyI] h I - daz Ie 5- carboxylate (250 ng, 0.34
solution was stirred at 25
To an ﬁta‘t«mxtrﬂe (100TihE) s@adon oﬁhem&t:nrrleylvoasltrbbtrtzeaEdpmpdreﬁhe described in

woz(foSb’?ds%%F 19‘2%5 %) %C%??E%ﬁ ) b, 2¥§a€ntk9as adgd sﬁ% n‘?lPa‘?e }’@é%g 24.07

was add
mmocadyeding (%éban% 87 prraed)-pi b%\tr@xturemaes sisrediat o ‘\’/Vagor 10 minutes.

Silver @2Ft€ Wak adRA (815242509 5trAmel)Vandt the nhkthlreﬁwgpm%mel adficfowave
apparaiug_éAS I‘Fs?lglatlﬁ(sj, 12%)3 N%h% I_o%er%%w?rgggu\%ﬂ ofl‘f qqu the7 scglatlérglvas
concertrated. BheHesid@¢fwvas puBified bly fldsh chr@m6togaph KB iotdge&3 16 68ixolumn,

TLC réilzl}. ql %xan}/%l%g%;a%"% 1§3§§0§ qgggd ﬂéfhe]t?fﬁocorlﬁ’ ggd(dd

0, 6.5 Hz, | H), 4.08 (td, J = 6.5, 3.0 Hz,
Ste B?Bl)h dr%x hexArfd: 1,2l di 1é§n@se 7. 7 HZ, 2H), 1.61 (hex, J =

)folggore %,F5,@Fbls(mt@oggﬁﬁ(yl}_%nurobenzoate (2.5

g, 6. 7071.11510I-1-)Zat 0819 wad;.ﬁddﬁd(MN) sodounm tdydidide (6.5-rhIY dropwise. The solution was

stlrredz'& g&z F r&pe%{ﬁée?l’g} ?%%Fés? hﬁ'{é?fslgaiu??&{}\&a@rdﬁg&ﬁlw%ﬂfy l&lhﬁé(d of sodium

bicarbprgate é »and gxraskashyyith athy| Jaetater(d 1 25 mlpniThg oeganiclayer was
washeB WitH B, HREIBLrisBdimhERilfatd)asd 8denSfB&IAYRMo, affording the title
compound. '"H NMR (300 MHz, CDCls) &: 5.45-5.38 (m, 1H), 4.94 (dd, 1H), 4.73-4.67 (m,
1H), 4.43 (t, 1H), 3.40-3.36 (m, 2H), 1.75-1.68 (m, 2H), 1.43-1.36 (m, 4H).

INTERMEDIATE 2

(2R)-6-hydroxyhexane-1,2-diyl dinitrate
The title compound was prepared as described in WO2005070868(A1).
INTERMEDIATE 3

HO ONO,
ONO,

(25)-6-hydroxvhexane-1.2-diyl dinitrate
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into two di astereoners using HPLC chromat ography on
silica gel (Chiral Pak AD-H) columm using 25% MeOH in

waapenoiti cal C02 (4.6 x 250 nm 20%veCOH 80% BORUSDN7/025233
nm /mn, 100 bar, 40 C) with diastereoner A the second
intime to elute and disatereonmer B the first in tine
to elute: Tine Area -21 WO 2008/076247
PCT/ US2007/ 025233 Diastereoner B 7.80 mn 142.9
nv. Mn (47.526% Diastereonmer A 9.52 min 155.0 mV. M n
(51.568% | NTERMEDI ATE I  HO ONO  ONO2
6- hydroxyhexane-1, 2-diyl dinitrate Step A

D, [ 0 an

The BB ef BRI A B Yo 1. y

4-nitrobenzoate (pr epar]é@ BME&Eégﬁl bed in

WD2005070868( Al)) (5HIE g~ t -20 C was
added silver nitrate (4.09 g, I) and i odi ne
(6.11 g, 24.07 mol ). The m xt P'gzvvas stirred at -20 C

3-(2- h(/@rrox}ghgiﬁbllto%ﬁne 1 SLdiVEdinitiatd at e was added (8.52 g,
and the mxture was heated in a m crowave

The tlt]ﬁﬁb@p(ﬂ,{ng gvae ’g@prﬁrpchm @élowmg @e@roceqiﬁé forjipterapediate) I gxcgps that the reagent
hex-5-én-1-4E4-BigtobdnkoatRsh fepigeed @& atallORx yeas 1 4Garberdosd! 'BNMRN800 MHz,

CDC]%%%' o5t Db sSSP neBacty SHLIIRGT & A Pl 38T 210

7/3, Rf: 0.30), affordINGERMEDATES conpound. Step B:
6- hydr oxyhexane- 1, 2- gioy] 4 nitrate To a

t et rahydr of ur an/ et hanol 1 P(12 mSN%?oI ution of

5, 6- bi s(ni trooxy) hexyl 4-nitroB¥Rzo0ate (2.5 g, 6.70

(2R)- 3-;;;-@% c}ro ,xgthogﬁ(ég opd Healdﬁj, 81){1 (%m?ratN sodi um hydroxi de (6.5 ni)

stirred at room
The titke@nppouart wae pfepare@bhlipwing Theeprenstiure fayexamesdt andtbad wi t h
WOZO@SO?@I&G%EA nexggpt ?&g{h@ rfréaggit Galhep: qto@ v/(ag-gpm:éd l%@d(a]lyloxy)ethanol
extracted with ethyl acetate (3 he organi c :
| ayer was washed with brine, dr| ed over sodi um
sul fate, and concentratnantRMBmgma,é affording the
title conmpound. 'H NWR CDC13) 8:5.45-5.38
(m | H, 4.94 (dd, | 73 4. ONQ@m  1H), 4.43 (t,
IH9 3.40-3.36 (m 2H), 1.75- 1088.(m 2H), 1.43-1.36

6- hvdrg)xy 4, mlmetwﬁgbﬁg I IAQ-I:'E:Tiv% dinitrate

Step A: 2.2-dimethylpent-4-enal '

A 2-L round-bottom flask was charged with p-cymene (800 mL), allylic alcohol (290 mL, 4.27 mol),
isobutyraldehyde (588 mL, 6.40 mol), and p-toluenesulfonic acid (2 g). The flask was fitted with a Dean-

Stark apparatus, and the mixture was refluxed for 36 hours to remove water azeotropically. The Dean-
Stark apparatus was removed and replaced by a Rashig-ring packed column. The mixture was distilled to
collect the fraction at 93—135 °C. The distilled fraction was washed with water to remove allyl alcohol,
dried over sodium sulfate, filtered and redistilled. The fractions distilled before 180 °C were discarded,

and distillate at 180-205 °C was collected to give the title compound as a yellow oil.

Step B: 1-methoxy-3,3-dimethylhexa-1,5-diene

To a freshly prepared tetrahydrofuran (300 mL) solution of lithium diisopropylamide (0.19 mol) under
nitrogen at 0 °C was added dropwise in 30 minutes a tetrahydrofuran (200 mL) solution of '
diphenyl(methoxymethyl) phosphinoxide (49.5 g, 0.2 mol). After stirring for 15 minutes at 0 °C, a
tetrahydrofuran (100 mL) solution of 2,2-dimethylpent-4-enal (24.5 g, 0.22 mol) was added dropwise in

20 minutes to the cherry-colored mixture. After 15 minutes, the mixture was warmed to room
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HO ONO, ONO2 (2R)-6-hydroxyhexane-1,2-diyl dinitrate
The title conpound was prepared as described in

w80 H2F0868( A1) . | NTERVEDI ATE 3 HO ONO2  ONPRI/US2007/025233
(2S)-6-h dy roxyhexane-1,2-diyl dinitrate -22 WD
2008/ 076247 PCT/ US2007/ 025233 The title conpound was
prepared as described in W2005070868( Al ).
| NTERVEDI ATE 4 HO-~O-~ONO2 ONO2  3-(2- hydr ox,
e~y) propane-1,2-diyl dinitrate The title conpound was
prepared by follow ng the procedure for internedi ate
1, except that the reagent hex-5-en-1-yl

temperﬁfu% :Ir{dQEee Eéfggtef fo%%oﬁr@ p&?&%g %Wgs @(J(Q/Eé i@iﬁ)\ég‘nt g%{%edatgre cé-larged with
water (2hmly), g coofei® Ofgdlndqpﬂgorqps 8@ripgd The respltingsolid was fikeregyywashed with

hexanéd |'Qnd discaiBed3 198 filthates3Hdte I ERMaldiAN& & 10HP02 °c (1 59 mmHg) to glve the
3- (2- hydr oxyet hoxy) propane-1, 2-di y

t“kc%ﬂWWT1§?é°¥H%*Pﬂtle conpound was prepared by follomnng
the procedure for exanples 4 and 6 in

Ste Cvg%g%gg&o&gxﬁf$*, except that the reagent

=5-€elN-1 - repl aced by 2-(allyloxy)ethanol.
In a 5SQ0MNAIERVEDDbATEN AaskdGudindacid @l ; 30%) was added to a stirred tetrahydrofuran (150
mL) st SF Ph¥ettbx §-3BLAREAYINBEX BA@rend (1589F ¥l 1 FnBih.t AALShe mixture had been

stirred for 1 hour, it was gradually poured into saturated sodium bicarbonate (ca. 500 mL), and then
extracted with diethyl ether (4 x 200 mL). The combined extracts were washed with brine, dried over

sodium sulfate, and filtered. Evaporation of the solvent gave the title compound as a pale yellow liquid.

Step D: 3.,3-dimethylhex-5-en-1-ol
In a 1-L 4-necked round-bottom flask, 3,3-dimethylhex-5-enal (14.20 g; 0.113 mol) was dissolved in

absolute ethanol (420 mL). Then the mixture was cooled to 5 °C in an ice-bath and, under nitrogen
atmosphere, sodium borohydride (3.3 g; 0.087 mol) was added cautiously in 10 minutes. After the
mixture had been stirred for 1 hour, it was poured into 5% ammonium chloride, diluted with water, and
extracted with dichloromethane. Extracts were dried over sodium sulfate and evaporated, then the white
solid was filtered away, while the pale yellow oil was distilled at 55-56 °C (4 mmHg) to give the title

compound as a foul smelling, colorless liquid.

Step E: 3.3-dimethylhex-5-enyl 4-nitrobenzoate
In a 500-mL, two-necked round-bottom flask, 3,3-dimethylhex-5-en-1-ol (5.30 g, 0.041 mol) and
triethylamine (16 mL, 0.057 mol) were dissolved in dichloromethane (110 mL), and then the mixture was

cooled, under nitrogen atmosphere, in an ice bath to 5 °C. A dichloromethane (10 mL) solution of 4-
nitrobenzoyl chloride (9.1 g, 0.049 mol) was added dropwise in 20 minutes. After the mixture had been
stirred at 5-10 °C for 1 hour, water was added. The organic layer was washed with acid, water, brine,
dried over sodium sulfate, and filtered. After evaporation of the solvent, the crude product was purified
by column chromatography (silica gel; ethyl acetate/hexanes 1/9 as eluant) to give the title compound as a

yellow liquid.

Step F: 6-hydroxy-4.4-dimethylhexane-1.2-divl dinitrate

The title compound was prepared by following the procedure for intermediate 1, except that the reagent

hex-5-en-1-yl 4-nitrobenzoate was replaced by 3,3-dimethylhex-5-enyl 4-nitrobenzoate.
INTERMEDIATE 7
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Step A 2, 2-dinethyl pent-4-enal A 2-L round-bottom
flask was charged with p-cynene (800 mL), allylic
w@bk@ehnd2471290 ni, 4.27 nol), isobutyral dehydeP¢B882001/025233
6.40 nol), and p-toluenesulfonic acid (2 g). The flask
was fitted with a Dean- Stark apparatus, and the
m xture was refluxed for 36 hours to renove water
azeotropically. The Dean- Stark apparatus was renoved
and replaced by a Rashig-ring packed colum. The
m xture was distilled to collect the fraction at
93-135 C. The distilled fraction was washed with water
to renove allyl al cohqjlo/\dr/i\ed/‘sz,sﬁb sodi um sul f at e,
filtered and redistill ed. Theg ctidns distilled
before 180 C were di scarded, oedlstlllate at

(2R)-389dROp&atRS] eQliVIekhifdtet O Qi Ve the title conpound as

elTow ol . Step B;. | -nethoxy-3, 3-di net hyl hexa- |
step Al e 3l RT3 2 il Do algerara fiotonitioatey dr of ur an ( 300

To a niethanslqRed mD)sobftioh iof Ethyl 2 £ 3-KORF NP insetiiyile, 3(&0)&ﬂmm3yl]acrylate (153 g,
76.7 nymcgﬁ\f/as ar&d tc{ lg)?/re%%la%l}lglfoa c\g%o? gl ggG) "Iq]E (I‘)Jg.VYLl({n mlx{l]lreT was stirred under an
atmospfiepshef iy {iro aest q'ygl)(lyghgt "Fisel c)atap'hb\gphﬁmmd G fijtza@ios agd thg solvent was removed

in vacﬁ@éltdrharﬁlﬁ;&ﬁ'ﬁpl@tdv&r dilikd aff@xrdeé-t':—he 'ﬁh@ U(;rﬁp%uﬁ& ® ﬁVIRa(400 MHz, CDCl3): 6 4.05~

d
4.15 (m, %df‘ﬁ%ﬂﬂﬂ (H’e?ﬂt{) 4 58n%d”g @24% 293(%4%9%?69) 1§30 -9QdeedfD: 1.33 (s, 3H),
126 (SJBERMI A &t, VR 6.28z,BH)Ut es to the cherry-col ored mi xture.
After 15 mnutes, the mxture was warned to room -23
V\D 2008/ 076247 PCT/ USZOO?/ 025233 tenperature and then
B -f - eolwas cool ed to room

- Toa sﬁs%mﬁfnq;f 'ﬁfh?um thf’?ﬁlglﬂg h%rﬁé (1. 5 6(rgrgolmaﬁnhﬁﬂaxsqg&lh§ﬂofuran (100

under vigorous stirrin e resu

SOl |
L) wigpaddesl FHoBBE 2 WBYBE T Eplut 3%@@, o e (4D S ety 3-dioxolan-
4-ylpfobhioaRl(6.80 YETET mmbl)Qcd ‘Edurﬂl@ndmdbg‘em Ithegadion Lﬁimﬂa%s @med at room

155 . 0 Qi he 0
temper%mrc? o%@té}le%r_\{c&eﬁgph )}‘Ieﬁnglg %@q?errlﬂ 4 énSLéﬁag m‘? aqueous sodium
hydroxideifidh o) tThewhiita siid veadIréroevied b Glteitién} 8ndithe leﬂﬁ@ wagaencentrated in

vacuo. a?ﬁ@gsih% j)tahﬁlgﬁegl l;eﬁa Jeﬁ"MEéF ESfo grﬁa& %91 é '”ﬂ{é organic phase

hexa- 1, I ene @g?
was washed githpyine, dm@dt(é?dutrnémfﬁ%taaﬁ éoqﬁalaraﬁréewa%? mrf fhg titlg compound.

'H NM¥® (300 Mz, mlgraﬂg%igl 1&(1)@1021&)93 651hm59 GRLHS, @ts%)d%j 59, Lmn) 1.61-1.69 (m,
car and then extracted wth
4H), 1332 ﬁgﬁ?n‘?{ 3%4 x 200 nmL). The conbi ned extracts were
washed with brine, dried over - sodiumsulfate, and
at j e the title

The tithe qg)nm)plmghhaw ph@ﬁneg bé fpl]owmg stap ofIheLsyz;mg%%q{fe@;ermedlate 6, except that the
reagenf 9‘3%&9*15&03 -Ed- %kwa&eﬁa&ﬁ"ﬁ?@hﬂﬁ)@’? @lnﬁm -1 é-llﬂ)xgﬁn-@eyl]propan-l ol.

'H NMR 400 i, OO 4 B30 e 2 4%3?‘123%'(1352/%&4%”2% 138 gm0,

4.05—43m,m, QHYISI54n3.57 @ am), 1.82-1.95 (m, 2H), 1.62-1.82 (m, 2H), 1.41 (s, 3H), 1.35 (s, 3H).

Step D: (4R)-4,5-bis(nitrooxy)pentyl 4-nitrobenzoate
To a chloroform solution (25 mL) of nitric acid (3.30 mL, 51.7 mmol) at 0 °C was added 3-[(4R)-2,2-
dimethyl-1,3-dioxolan-4-yl]propyl 4-nitrobenzoate (1.60 g, 5.17 mmol). After 1 hour, the reaction was

quenched by adding it slowly to an ice mixture with sodium bicarbonate. It was extracted with ethyl

acetate, and the combined organic extracts were washed with brine, dried (magnesium sulfate), filtered,

and concentrated in vacuo. The crude product was carried out to the next step without further

purification. 'H NMR (500 MHz, CD;CN) & 8.30 (d, J = 8.9 Hz, 2H), 8.20 (d, J = 8.9 Hz, 2H), 5.48-5.56
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at nosphere, sodi um borohydride (3.3 g; 0.087 nol) was
added cautiously in 10 mnutes. After the m xture had
whewsos24Tred for 1 hour, it was poured into 5PET/US2007/025233
amoni um chloride, diluted with water, and extracted
wi th di chl oronet hane. Extracts were dried over sodi um
sul fate and evaporated, then the white solid was
filtered away, while the pale yellow oil was distilled
at 55-56 C (4 nmHg) to give the title conpound as a
foul smelling, colorless liquid. Step E
3, 3-di net hyl hex-5-enyl 4-nitrobenzoate In a 500-nL,
(m, 1}2%84‘@8‘9@3 QOWHPQH)OJmfdd@S)% 63, 13 O Hz, IH), 4.48.t, /= 4.5 He, 2H) 3.80-
di et hyl hex- 5-"en-1 - g, 0.041"nol) v
392(@#“chylan1ne (16 m, O 057 nDI) mere dlssolved |n
di chl oronet hane (110 nL), and then the m xture was
c under ni trogen. atnosphere, in an ice bath to 5
step ESORSEn E sol ution of 4-
The tithei compbigrdzay prephried by dlofeng thapro@d@e Jorrephmplesasn WHRROAS070868(A1),

excethﬂa&) &\éﬂr eﬂt r@%j%% &Eﬁ@'ﬁ%{(y)ﬁgfﬁ n‘tl%%el{'ﬂ)&% Wa g:gﬁgedqg(%HR)-4 5-

|rre ter was a

bls(nltmgﬁmwlﬂw@bemtw\d& AR (§0p IM%?&: CEP-Chbe 842 (dgr { @6, 6.6 Hz, 1H), 4.84
(dd, J drieeth. oMer B odidiau st b2t ©.0 BRAH 3.3 96 6. A HZEIH), 1.82 (q, /= 7.4 Hz,

p of the solvent, the crude product was
2H), 1§X‘a¥ %@HZ&Ey col um chr onat ography (silica gel; ethyl

acet at e/ hexanes 1/9 as eluant) to give the title
compound as a yellow I;
6- hydr oxy- 4, 4- dlnethylgg§gﬁef%§§ glyl dinitrate The
title conpound was pre oNbowi ng the procedure
for intermediate 1, except tlmio,t he reagent
hex 5-en-1-yl 4- nltrobenzoate was repl aced by
25)-4 1%=diyh dimitydte 4- ni t r obenzoat e. | NTERVEDI ATE
Step A/ f@&ﬂz &“Qi:%&%’l%ia%ﬁaﬁ@ tk{ffEQQY!oB&ggé HO ONC2 ONG2

(ZR) - 5- ay ea/gentane- Z-di Ttrate Step A
The tlt@tCﬁylpound was prepar y following step E of the synthesis of intermediate 6, except that the

reagent33,B-(fhiekiythe=50dnTE bhWds rbplated b ta3h-an2 hyarbx REfyPaDainthlR 1 3-dioxolane.

B S éﬂd X0 G B2 PH AT e 280, 429 (0.0

= 6.2 HZl BHB 4g4 (dd76 =7%.07810) Bz, WH3, 3asbded J EOPe, Bl HadHY R0 (ms 2H) 0134 (s, 3H),
138(4§HP g). The reaction m xture was stirred under an

at nosphere of hydrogen overnight. The catal yst was

renoved by filtration, and the solvent was renmoved in

Step BY 2548 4- SRV RORbAGHAR M W¥Roaii | i ca af forded the title
S 4,05- 4.15

o AOALA X L TR PN, N
ethyl] 4-nitroBdrkoatd (48@-g] 190 nfnml) Rdd)heatdd 3H0(’S forBHjoprs. The reaction was then cooled

to room temperature. Ethyl acetate (100 mL) was added, and the solution was carefully basified using

sodium bicarbonate. The organic layer was separated, and the aqueous layer was extracted twice with
ethyl acetate (100 mL). The combined organic layers were washed with water and brine, dried over
sodium sulfate, filtered, and evaporated. The crude alcohol was recrystallized from diethyl ether/n- -
hexane to give a white solid. 'H NMR (300 MHz, CDCl,) & 8.31 (d, /= 8.9 Hz, 2H), 8.21 (d, /= 8.9 Hz,
2H), 4.65 (ddd, J =5.7, 8.4, 11.2 Hz, 1H), 4.52 (dt, J/ = 5.7, 11.2 Hz, 1H), 3.92 (tt, / = 3.5, 7.4 Hz, 1H),
3.74 (dd, J = 3.5, 11.1 Hz, 1H), 3.56 (dd, J = 7.4, 11.1 Hz, 1H), 2.36 (bs, 2H), 1.94 (m, 2H).

Step C: (35)-3.4-bis(nitrooxy)butanyl 4-nitrobenzoate
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1.26 (s, 3H), 1.21 (t, J = 6.8 Hz, 3H). Step B:

3-[(4R) -2, 2-di net hyl -1, 3-di oxol an-4-yl | propan-|-ol To
wa@2@sspewsi on of |ithium al um ni um hydride (1.BOr/ys2007/025233

35.6 nmol ) in anhydrous tetrahydrofuran (100 nL) was

added dropw se a tetrahydrofuran solution (30 nL) of

ethyl 3-[(4R)-2, 2-di net hyl - 1, 3-di oxol an-

4-yl ] propanoate (6.00 g, 29.7 nmol) at O C under

nitrogen. The reaction m xture was stirred at room

t enperature overnight, then quenched with the addition

of water (1.4 nL) and 10% aqueous sodi um hydroxide

At -782’%; t% a%)ref‘d (ﬁr E\ﬁor%'e&gnes(@b 'nfﬂ,) w&lJnWrﬁQg m(rlcf dc J (_'?g%tﬁllg%as added

was conceéentr at N Vvacuo.

Concefﬁ@sqddwl@fmldééﬁtmlt)n dhed @@?%@ﬂl%%etbwemb acglig (4/6, 20 mL)

solutlcﬂtdFYjS)@QlQllﬁ}(ﬁox(yg&aml-)l mt?d?o@nz@ﬁtgf(mig ¢, Phasel) W@%d%@ﬁi?@dee The
entrat ed

um sul f
resctica 19 € BT 40 RIS (9 MBI R0 I R (o0nen acded, and he
organib/lyer sepACHS), waShed wiB-whtet 3or{ng) driEH-I))n s@liob swBfa@9filtered aid)concentrated. The

re51du<,3wg 4pu?1ﬁ§§ %gluré{f@hro atggraghy o% 1{&1 (2047|_°o' 40% él?yl gx?etatgiﬁbn hexane) to give

the titlg corprpd 25 0 odk. TEARYR-QA0OMHE XAl 834/(ch Hr Sz, 2H), 8.21 (4, J = 8.8 Hz,
- 2H), 5‘53'@4;& rebeNgsatL 11hQ.doi id, 9 COIMOVNE, \aF 4B eRasPd2 by (()dd, J=62,12.3
ow ng step E of the syntheS|s of internediate
HZfz}@xcept that the reagent 3, 3-dinethyl hex-5-en-1-0ol was
replaced by
- - e ine s I oxol an-4-yl ] propan-1-ol
Step D~ bq 1t §ra830(dJ:84HZZH) _
The tige gq_mp@undjw&s Igeparpﬁ by ddjowing 4@pB afdthe gynthesjs of intermediate 1, except

that thg- rQ&eﬂt 46- tﬁzf(hltl%'d)(y)h% At Ritrobe hZBatelis re%}a% By 8355‘

bis(rigty sl S oboso g THNR St GBGRY ﬁféb%qq@satle— 28,64,
13.0 HY IH)GhB@((ﬂf gr=m.801310 Hzn 1H254 Sﬂ_Odde =I6.4,r1i30 He|j KHX 3.83Qtd, J=2.7,

s Wyt (05900585, 96 4 22

(1.60 g, 5.17 mmol ). After 1 hour, the reaction was

quenched by addi ng it ?N?EMEIQIA@I‘E pce mixture with

sodi um bi car bonat yas_gxtracted with ethyl

acetate, and the co J_gre gani ¢ extracts were washed
ma

with brine, dried ( suI f i ed, and
concentrated i n vacuo. C;% od)ggjﬁg?carri ed
- out to the next stgp™ 3 (t) Ification. "H
NVR (500 MHz, p .3 = 8.9 Hz, 2H), 8.20
(d, J =8.9 8- 56 25 V\D 2008/ 076247
PCT/ US2007/ 0 NG H, 4.84 (dd, J = 3.2, 13.0
Hz, 1 H), 4.71 (dd), dN= 6.8, 13.0 Hz, 1 H), 4.48 (t, J
= 4.5 Hz, 2H),p@RcB0-N3.92 (m 4H). Step E
(2R) - 5- hydroxypentane 1,2-diyl dinitrate The title ,
1-methyb iyd dmitropaenopy)egaomed] okyl ethel 2-ethbxygl -{ [Re(1priod-¢ Heteteazbla§-ylbiphenyl-4-

Vl]metﬁ\%‘ff"i'gI b%ng mlcﬂzc\ﬁ@ % 95%‘31\%98( Al),

An orange suspension of mercuric oxide (1.17 g, 5.39 mmol) and 2-ethoxy-1¥{ [2'-(1-trityl-1 H-tetrazol-5-

I =-

yl)biphényl-4-yl]methyl}41H—benzimidazole-7-carboxylic acid (7.36 g, 10.8 mmol) in dry
tetrahydrofuran (95 mL) was stirred at room temperature for 24 hours. Then 2-chloroisopropyl p- -
nitropheny]l carbonate (prepared as described in US 5,684,018) (1.40 g, 5.39 mmol) was added, and the
reaction was stirred at room temperature for about 7 days and monitored by TLC (hexane/ethyl acetate
6/4). The mixture was diluted with dichloromethane, washed with water, and the organic layér was dried

over sodium sulfate and concentrated under reduced pressure. The residue was purified by flash
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except that the reagent (5R)-5, 6-bis(nitrooxy)hexyl
4-ni trobenzoate was repl aced by (4R)-4, 5-
whe@snid2apoxy) pentyl 4-nitrobenzoate. 'H NVR (BODURR7/025233
CD3CN) S 5.42 (dgq, J = 2.6, 6.6 Hz, 1H), 4.84 (dd, J
= 2.6, 12.9 Hz, | H), 4.48 (dd, J = 6.2, 13.0 Hz, |
H, 3.54 (t, J =6.3 Hz, 2H), 1.82 (q, J = 7.4 Hz,
2H), 1.54-1.68 (m 2H). | NTERMEDI ATE 8 HOONO2 ONO2
(2S)-4-h, d~ybutane-1,2-diyl dinitrate Step A
[(4S)-2,2-di et hyl -1, 3-di oxol ane-2-et hyl | - 4-ni trobenzo
ate The title conpound was prepared by follow ng step
chromEtogxfaplﬁ)]'@lét%{gél@ﬁ Séo?unCH 63iNtRE %mb@tn%&ane%ﬁ%@ Qéetag}ﬁﬁ #19.20),
reagent | 'hex-5-en-1 - ol repl aced
affordmget&'e@oqﬁwr oxyet hyl)-2, 2-di met hyl - 1, 3-di oxol ane
"H NVR (300 MHz, CDCl13) S 8.31 (d, J =8.9 Hz, 2H),
8.22 (d, J =8.9 Hz, 2H), 4.52 (m 2H), 4.29 (q, J =
6.2 Hz, 1 H, 4.14 (dd, J =6.0, 8.0 Hz, 1 H), 3.66
(dd, J =7.0, 80 Hz, 1 H, 2.07 (m 2H), 1.44 (s,
3H), 1.38 (s, 3H). Step B: (3S)-3, 4-di hydroxybut anyl
4-ni trobenzoate An aqueous solution of acetic acid (70
m., 70%v/v) containing
[(4S)-2, 2-dinethyl -1, 3-di oxol ane-2- et hyl ]
4- nltrobenzoate (4. 40 g, 15.1 mmol) was heated at 60 C
for 3 hours. The reaction was then cooled to room
tenperature. Ethyl acetate (100 nL) was added, and the
solution was carefully basified using sodium
bi carbonate. The organic | ayer was separated, and the
aqueous |ayer was extracted twice with ethyl acetate
(100 nmL). The conbi ned organic |ayers were washed with
~water and brine, dried over sodiumsulfate, filtered,
and evaporated. The crude al cohol was recrystallized
fromdiethyl ether/n- hexane to give a white solid. 'H
NVR (300 MHz, CDC13) S 8.31 (d, J =8.9 Hz, 2H), 8.21
(d, J =8.9 H, 2H), 4.65 (ddd, J = 5.7, 8.4, 11.2
, 1 H, 4.52 (dt, J =5.7, 11.2 Hz, 1 H), 3.92 (tt,
=35 7.4 H, | H, 3.74 (dd, J = 3.5, 11.1 Hz, 1
, 3.56 (dd, J =7.4, 11.1 Hz, 1 H), 2.36 (bs, 2H)
1.94 (m 2H). Step C (3S)-3,4-bis(nitroox, )butanyl
4-nitrobenzoate -26 WD 2008/076247 PCT/ US2007/ 025233
At -78 C, to a stirred dichl oromethane (30 ni)
solution of fumng nitric acid (6.4 nL) was added
concentrated sulfuric acid (1.6 nL). After 5 m nutes,
a di chl oronet hane/ et hyl acetate (4/6, 20 nl)

EEL‘E
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sol ution of (3S)-3,4-di hydroxybutanyl 4-nitrobenzoate
(1.8 g, 7.1 mmol) was added dropw se. The reaction
wor®shaRe7 for 2 hours at 0 C before bei ng pourkdI/vs1007/025233

ice (300 g). Water was then added, and the organic

| ayer separated, washed with water, brine, dried on

sodium sul fate, filtered and concentrated. The

resi due was purified by colum chronat ography on

silica (20%to 40% ethyl acetate in n-hexane) to give

the title conpound as an oil. "H NVR (300 MHz, CDCl13)

S8.34 (d, J =8.8 H, 2H), 8.21 (d, J =8.8 Hz, 2H),

5.53 (qd, J =3.3, 6.5 H, 1 H, 4.86 (dd, J = 3.3,

12.9 Hz, | H, 4.57 (m 3H), 229(dd J =6.2, 12.3

Hz, 2FDUSlrlgtt@F,apBrop(IQtS)ntqnﬁg,laqe@)qu,gﬁngqqésylltth@prwedures described herein,
mcludﬂigrExbihﬁlEQ fﬁ@ﬁ)lfobv‘ir{gﬁaxﬁﬂﬁ@@wé}@ pWparer epared by fol |l ow ng

step B of the synthesis of internediate 1, except

that the reagent 5, 6-bis(nitrooxy) hexyl

4- mtrobenzoate was repl eE?éAlWHBS)
d ) 0 ¥

1 H-tetrazol-

5-yl vlhdlhlrmgazoie-épga_rmﬂ@_q 4d, 3 = 6.4, 13.0
The titié coﬂqpbﬂnd waSprepirdd bi fo—'ll(gmﬁg th@pr%cé‘%-re ?di‘)eo(al%FQzl @Q&pt t}mt the

reage%é%R 66y@|_|lzqv(aéled H @Z%m(ltéate%s@plﬁ%%@?% 6- hy roxyhexane 1,2- d1y1
dinitrdte Giatelaybdiate{¥)( 4- ni t r ophenoxy) car bonyl | oxy} et hyl
2-ethoxy-I-{12'-(1-trityl-1Htetrazol -5- | ~phenyl -
[y methyl 1-1 H benzi m dazol e-7-carboxyl ate An orange
suspensi on of mercuric oHXAMPLELY g, 5.39 nmol) and
2-ethoxy- | - ([2'-(] -trityl- | Htetrazol-5-
I h I

tetrazdiﬂL‘) vlbla@hsﬁﬂmelfﬂm@ﬂhvr}oommmereai Uﬁt@oiﬂﬁte24 hour S. Then

RISl B, OO, 591 98T PISBRecty. o1 .
2H), e, 1HMD. 306, 2Haacds on Md)s 480i(dd.eld)a#.6d dddn 1H), 4.26 (t, 2H), 3.77-

r e r It
265 (240 AP Gy o0 LA G, 032 30

w t h di chl oronet hane, washed with water, and the
organic |layer was dried EXAMPLE 4

1-[({[3.3-dimethyl-5.6-bis(nitrooxy)hexyl]loxy}carbonyl)oxylethyl 2-butyl-4-chloro-1-{[2'-(1H-
tetrazol-5-yl)biphenyl-4-yl]methyl}-1H-imidazole-S-carboxylate

'H NMR (300 MHz, CDCl) § 8.10 (d, 1H), 7.61-7.57 (m, 2H), 7.45 (dd, 1H), 7.19 (d, 2H), 7.00
(d, 2H), 6.87 (q, 1H), 6.87 (q, 1H), 5.53 (s, 2H), 5.47-5.37 (m, 1H), 4.73 (dq, 1H), 4.40 (dd, 1H),
4.19-4.12 (m, 2H), 2.66 (t, 2H), 1.73—-1.27 (m, 11H), 1.05-0.76 (m, 9H).

EXAMPLE 5
[({[(5R)-5,6-bis(nitrooxy)hexylloxy }carbonylDoxylmethyl 2-butyl-4-chloro-1-{[2'-(1 H-tetrazol-5-

yDbiphenyl-4-yllmethyl}-1H-imidazole-5-carboxylate

'H NMR (500 MHz, CDCl3) § 7.91 (d, J = 7.6 Hz, 1H), 7.59 (dt, J=1. 2,7.6 Hz, 1H), 7.51 (dt, /= 1.1,
7.7 Hz), 7.42(d, J=7.6 Hz, 1H), 7.10 (d, J = 8.3 Hz, 2H), 6.91 (d, J = 8.0 Hz, 2H), 5.85 (s, 2H), 5.48 (s,
2H), 5.25 (dq, J = 2.9, 6.6 Hz, 1H), 4.73 (dd, J = 3.0, 12.8 Hz, 1H), 4.45 (dd, J = 6.5, 12.9 Hz, 1H), 4.13
(t, J=6.3 Hz, 2H), 2.58 (t, / = 7.8 Hz, 2H), 1.40-1.80 (m, 6H), 1.61 (quintet, J = 7.7 Hz, 2H), 1.36
(sextet, J = 7.5 Hz, 2H), 0.84 (t, J = 7.4 Hz, 3H); LC-MS: m/z 717 (M + H).
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over sodium sul fate and concentrated under reduced

pressure. The residue was purified by flash -27 WO
wWQeB8NhD26247 PCT/ US2007/ 025233 chr omat ogr aphyP¢BUSI0aT€25233

SPI; col.umm 65i; TLC nethod: n-hexane/ethyl acetate

7/3; R =0.20), affording the title product. -28 WO

2008/ 076247 PCT/ US2007/ 025233 Using the appropriate

i nternmedi ates, and general synthetic procedures

descri bed herein, including Exanple 1, the follow ng

exanpl es were prepared: EXAMPLE 2

1-T({[(5S)-5,6-bis(nitroox )y hex

I 1l oxy} carbony) oxyl et hyl E@(}QMP)LEé chl o
' 1H-tetrazhol 5- I ) bi phenyl

etrazopﬁe@arpaehvhm vﬂ]ﬂ%emw-n@,lmia ﬂ@ea&w@ or exarrpl e 1,

'H N@@%@M}{lzh g*ﬁ)r#lgt) S gtggz?agg FnP, J éﬁ o C%Og(t, §=d5.§’ YYNEXANE5 o, 7= 7.5 Hz, 1H), 7.42

(d, J =728z, Glhyhkldﬂyheiéd&-, 2H), B 9@i(§' I/ = 8% Het2Ht @60 (d, J = 4.5 Hz, 2H), 5.54-5.46

(m, 2}"5‘&5‘3%’5‘?‘3 119, 2 b3 4 (Ec(fJ_ 13.0,6 H), 4,24-4.13 (m, 1H), 4.13-
ni t r ooxy oxy[ et OX}/ Car onyZI ; y

4.03 (12, tgﬂ KMo 2IR. P2 — @do(n( 1M, 1.77-1.68 (m, 2H); 1481, 58 (m, 2H), 1.58-1.39

© (m, 2HDEL 39314(2!9(15 W) Do (e I 7.8y, 6H) MR8 Y, 1) = 15 Hz, 3H); LC-MS: m/z 759 (M + H).
H i m dazol e-5-carboxylate 'H NVR (300 MHz, CDC13) 6

810(d 1H), 7.60 (m 2H), 745(d 1H), 7.20 (d,
2H) .01 (d 2H) 6. QSHWPLE—U 5.54 (s, 2H), 5.35
bis{] X -; R cal ) fjfj ( ) 2 H-te Lz,ol 5-yDbiphenyl-4-
Nmetbyl-14 21azdah7 carbonwlat@ 32 (m 2|—|) 0 92 (t 3|—|)(m
'H m@%wmﬁcbémaamﬂumm 159,61 1 @(ﬁLbrsQPLX]H) 7.64 (t, J = 7.6 Hz,

)=yl lo n | - | or |
1H), 7165 (d, (Ifl-i/g ?I %pg g .%:? %bﬁ&?%gi@m-ﬂe{lﬁw 1?1) 7. £7 (t, /=79 Hz, 1H),
7.02 (dl J £8-3 Hi, 080)00.97 @; I:aBlﬁ)d-Xzy bH}, .80k, MVRS.4 BR0I HyHE 62 @XT:3p.56Hz, 1H),
5.57 (a? 101?,%114 _1}}1% 4.7%: (g& }_fg 1%'1‘#2"91) 4164?5 S dgl7H%'_BH #‘9]4964 (@ /=70
Hz, 2H; D23 453 (dH)= 6.5. 1479 Kz, 37), @nh1 (tllull)= 6. 54H213H( Bd). 441Ht, J 4 640Hz, 2H, D2),

172 (§ dd.7.é8Y, 21) 4.8 qfindke S0 ?{Eng),Zl.%il.(sb (m2&hy; LE-M8: A% 235 M + H).
m 1 I'H), 1.05-0.76 (m 9H). 'EXAWPLE 5

[ UF(5R) -5, 6- bi s(ni trooxy) hex

1Lyl car bonyl ) oxyl met hyl 2 BXAMPIE-&hl oro-| - 112" - (1Htet
1-[({ [5S-Zb%( hgfooxv)hexylloxy }carbonyl)oxy]-1-methylethyl 2-ethoxy-1-{[2'-(1H-tetrazol-5-
yDbiphenyl-4-yllmethyl}-1H-benzimidazole-7-carboxylate :
'H NMR (300 MHz, CDCl;) & 8.04-8.01 (m, 1H), 7.63-7.61 (m, 2H), 7.52 (dd, 1H), 7.32-7.28
(m, 1H), 6.91 (t, 1H), 6.81 (d, 3H), 6.68 (d, 2H), 5.62 (s, 2H), 5.25-5.23 (m, 1H), 4.72 (dd, 1H),
4.28-4.26 (m, 2H), 4.05 (t, 2H), 1.78-1.52 (m, 10H), 1.49-1.42 (m, 6H).

EXAMPLE 9

1-[({[(5R)-5.6-bis(nitrooxy)hexyl]oxy}carbonyloxy]-1-methylethyl 2-¢thoxv-1-{ [2'-(1H-

tetrazol-S-yhbiphenyl-4-yllmethyl }-1 H—benzimidaiole-7-carboxylate

The title compound was prepared by following the procedure for example 8, except that th'e

reagent 6-hydroxyhexane-1,2-diyl dinitrate was replaced by (2R)-6-hydroxyhexane-1,2-diyl

dinitrate (intermediate 2).

EXAMPLE 10
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yl ) bi phenyl -4-yl 1 methyl -1 Him dazol e-5-carboxyl ate
"H NWR (500 MHz, CDC13) S 7.91 (d, J =7.6 Hz, 1 H),
wQ2®9/0tats7 J = 1.2, 7.6 Hz, 1 H), 7.51 (dt, J BPCTUI2007/025233
7.7 Hz), 7.42 (d, J =7.6 Hz, | H, 7.10 (d, J = 8.3
Hz, 2H), 6.91 (d, J = 8.0 Hz, 2H), 5:85 (s, 2H), 5.48
(s, 2H), 5.25 (dg, J =2.9, 6.6 Hz, 1 H), 4.73 (dd, J
= 3.0, 12.8 Hz, 1 H), 4.45 (dd, J = 6.5, 12.9 Hz, |
H, 4.13 (t,J=6.3 Hz, 2H), 2.58 (t, J = 7.8 Hz,
2H), 1.40-1.80 (m 6H), 1.61 (quintet, J = 7.7 Hz,
2H) , 136 (sextet J =7.5 Hz, 2H), 0.84 (t, J =7.4
A p ) () %14) o c1.m 7_

i i oxylateoxy} car bon |y
'H Nl\%l@;@do N’iﬂmmbm QDka Zrmu’ﬂ asli c;ﬁlamlmao(dl tH)y1231 (d, H), 6.99 (¢, 1H), 6.84
etrazol - o-
@, 2Hi’)%?0p<ﬂe4-f§)r5ﬁl ( BHR ORI O 1 7P 48y % 459 &d¢: 682«%4&%13 iIP 4H), 3.76-
3.61 (MBI, 560 (\bH), 10BQL3H).S 7. 97 7.91 (m | H, 7.60 (t,
= 7.5 H, 1 H, 7.52 (t, = 7.5 H, 1 H, 7.42 (d,J
= 7.5 H, 1 H, 7.11 (d, J:75Hz 2H), 6.92 (d, J =
7.5 Hz, 2H), 6.60 (d, J EWPHEHzm 5.54-5.46 (m
1-{[ (ZZW(ZRﬁZ%aﬂQng?eo&mo rdpy oxv%tﬁ@xﬁca?rgor(moxjﬂJ‘I‘)met‘ﬂwﬂ:%v(l Qdethoxv—l-

{[2' (k_lgq-_tetlﬂ%g?s—zy(?)ﬁg)henxhﬁlwk egp}l_ﬂ - z z =7~ r x ate

The title cofmpbu@Bw4sPrepatdt by FolwSvidg t58p1(oﬁ&du1?d'ﬁ)s exhmpfR- 8le)8:9pt thadthe reagent 6-

hydrO)ty:l_-p?Xaye-zl%q é’l (f‘let’rgtghf? ;%Iégﬁ]\géy:y%gé)?—%@rd(%ys_th%){)prg%&k/ﬁ%g)}l dinitrate |

(interretlidte )X 5R) - 5, 6- bi s(ni t rooxy) hexyl | oxy |

car bonyl)oxyl ethyl 2-ethoxy-lI -{ [2-(1

Htetrazol - 5-yl ) bi phenyl -4- 11| nethyl } -1

H benzi m dazol e- 7- car boxFIXa’V\éI LR R (500 MHz, CD3CN)
1-[({[B S~ 3?4.-b(s(lh1trdo§v)8ut€}l]b12yLclrﬂdh}d)axvgol -fridthyletyl 2-Ethbiry-14{[2'- (1H—

tetraz 3 ox‘]lat_e 7.5 H, 1
telraze, poxylate 7" g ;" 1

'H NMR (390 MHZ,tCDG:b):SB ® (ldzl =16. T—IHZ IH) (7263(@1 2H)=7823d I:h— 7.7 Hz, 1H),
7.30 @H = s f7, gii’) 6b 1T, 811;7'342Hz i, 6@23&’ j,_bié)]ﬂg 25{)‘11%'6% (cli_éJ 7.8 Hz,

1
2H), é_%“s 2&1),7%3'(@5 11;;)489@1 A3 15')(\,,511# )gsg,gdqd }3.0,5.9 Hz, 1H),
4.23 (fn, 11Hj';2 08kld, P=192.54.9Hz( 9H),N1.63 (§, OH),H44 @H, = PA) Hz B3
(dd, J = 6.1, 12.9 e, 1H, 4.11 (t, J = 6.5 Hz, 2H,
Dl) 4.11 (t, J 6.4 Hz, 2H, D2), 1.72 (q, J=7.6
Hz, 2H) 1.63 (qui nt et EX:AMPDEHzS, 2H), 1.38-1.50 (m

1-{[ (28¥|_&2R)-|2.§ b'\é@nnr%x%)nzg’&n()’)’i Y eth@v)carmiﬁetﬁyl 4-[(1,7-dimethyl-2"-propyl-

IS(Ntroox
m,ﬁi-_%ég& : t hoxy-1-{12" - (1H

dymeth sathotylate

'H NME{30020H1z, @DO{ 1) B g3han em), *7%0—’7 O’(m 12H) 6.74 (g, 1H), 5.48 (s, 2H), 5.35 (m,

0, IEY i S50 BT SECOL o SRS ol MWL (52 70 . 310, 1.1

(m, 2H), 527 (d1AH) nea @, 3H)32- 7. 28

EXAMPLE 14
1-{[(5R)-5,6-bis(nitrooxy)hexanoyl]oxy }ethyl 2-butyl-4-chloro-1-{[2'-(1 H-tetrazol-5-yl)biphenyl-4-

yllmethyl}-1H-imidazole-5-carboxylate

Chromatography of the diastereomeric mixture over Chiralpak AD-H, eluting with

methanol/carbon dioxide, afforded the separate diastereomers. :

D1: 'HNMR (500 MHz, CDCl;) § 8.03 (d, J = 7.5 Hz; 1H), 7.60 (t, J = 7.6 Hz, 1H), 7.54 (t, J = 7.6 Hz,

1H), 7.42 (d, J = 7.8 Hz, 1H), 7.16 (d, J = 8.0 Hz, 2H), 6.96 (d, J = 8.0 Hz, 2H), 6.95 (q, J = 5.5 Hz, 1H),
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(m 1H), 6.91 (t, 1H), 6.81 (d, 3H), 6.68 (d, 2H),
5.62 (s, 2H), 5.25-5.23 (m 1H), 4.72 (dd, 1H),
wa@2@8076226 (m 2H), 4.05 (t, 2H), 1.78-1.52 (n®PCT/O6H007/025233
1.49-1.42 (m 6H). EXAMPLE 9 14({
[(5R)-5,6-bis(nitroox )y hex |ly loxy |carbon )oxyl- |
-met hyl et hyl 2-ethoxy- | -{ 12'-(1 H
tetrazol -5-yl)bi phenyl -4-yl |l methyl } - | H benzi
m dazol e- 7- car boxyl ate The title conpound was prepared
by follow ng the procedure for exanple 8, except that
the reagent 6-hydroxyhexane-1,2-diyl dinitrate was :

o0 L 58 o O LRSI S0 b Y208 11 v
4.42 (@CT/ABRAQB/HR BHB 3.65€ J E{7.8 Hz, 2H), 2.32-2.42 (m, 2H), 1.66—1.80 (m, 6H), 1.56 (d J
=558z [a%ﬁ etk 09@&%@6@' ei h%yni SFRTROMS. 256 |<M'+ H). |
D2: I){WﬁémMéz cmcg,lg)zssXO(d J=7.4Hz, lH) 760(t J =7.6 Hz, 1H), 753(t J=17.6Hz,
1H), ﬂnfifjhﬂi 14 mmllg}digz—cd @Hé)lﬁ@rd)@(eﬂ' ALg IJIi Ws(s»%QQ J=5.5 Hz, 1H),
5.52 (%j,z. 16. (%{) 5143%1 gé Hzy 1H), 5185 76‘(8‘4”1( 6702111} 1_629;(33 0 Hz, 1H),
4.41 (ddly =2, 128 H] 110 2. GBH)J =59.833z, QH), 2139)-2.42(nd,@H) d66-11.880m, 6H), 1.55 (d, J
=55 ézggl)glg% (é(%zbteffpjf ggﬁ% ﬁ‘H% ﬁbsé Wd%@ﬁi_}ég i%? LML o1 W 1.

' 1-{1(2-{((2R)-23 -bis(nitrooxy)prop ly

I oxyI et hoxy) car bon ly | opxaNpietls | yy ethyl
(1H-tet rlazol -5-_ '

1Hbeﬁzlfﬁidezdlet71cerb6mm@und was prepared by foI I ow ng the

Dlastﬁ'&gﬁ%gyrhg-)l(wRiw}% %&)@1 [ost(@ci" gg’r g?ggzegh) 7.56-7.64 (m,
2H), "(m¢3’-=('26ﬁ$2dr1b{>)y'éﬁfhfﬁic)1)=p6 érﬁméHl GOH3 inAH), 6186 (d. J = 8.0 Hz,
2H), dvmcﬁrﬁm’%q{ 1Es. 33{z11 {5.66 (4, J= 169Hz 1H), 5.60 (d, J =
WS TR ST LT e

4.40 (Hpheavl4; 43 pIHaEH)Y4. }144s;-P.cben,22Im , @50l 857ny; amou6041y74a@e 4H), 1.43
e A
Dlastemoglelf—& 'HINMR (560 BtHz; €DCl) & 8:p4 &ddiif = 128:5.9 K, 8H), (7c$6—2164:(m, 2H), 7.44
@, J=3. @H&"&(H) 280 61 58 8(sz>< 1H), 8. 934803 dFR 2H%?d'§7'§g51 5% 7(}&4212#'15 76 (d, J=9.1
Hz, 2I'E)d@74§}1 fé) 1g)§ qqz(d fﬁ—d7 OH,_z‘ 12L§ 350 (af 1629'_}'%7811(155 1745.21 (m,
1H), 4%71d4, 3 = ¥0,93. msz PH), 4.48 (§87 £9,3, 61d)Hz, 1HA4.40t(dd, J =6.4].12.8 Hz, 1H), 4.14—
424(15',221{) 55 235 (m, 2H), 160—1 74 (m, 4H), 1.42 (t, J = 7.0 Hz, 3H), 1.29 (d, J = 5.0 Hz, 3H);

LC-MS: m/z 705 (M + H).

EXAMPLE 16
(5R)-5.6-bis(nitrooxy)-1-(propionyloxy)hexyl 2-butv]-4-chlofo-1-{ [2'-(1H-tetrazol-5-
yhbiphenyl-4-ylimethyl}-1H-imidazole-5-carboxylate
'H NMR (500 MHz, CDCl;) & 8.09-8.03 (m, 1H), 7.60 (t, J = 7.5 Hz, 1H), 7.54 (t, J = 7.5 Hz,
1HL14H¢J=75HL1HLIYH¢J=75HL2HL6%N¢J=15HLZHLQM(LJ;&O
Hz, 1H), 5.51 (q, / = 16.5 Hz, 2H), 5.29 (ddd, J = 13.0, 6.5, 3.0 Hz, 1H), 4.76 (dt, J = 13.0, 3.5
Hz, 1H), 4.49 (dd, J = 13.0, 6.5 Hz, 1H), 2.71 (t, J = 8.5 Hz, 2H), 2.31 (q, J = 7.5 Hz, 2H), 1.95-
1.88 (m, 2H), 1.88-1.81 (m, 2H), 1.76-1.68 (m, 2H), 1.68-1.55 (m, 2H), 1.44-1.35 (m, 2H),
1.02 (t, J = 7.5 Hz, 3H), 0.91 (t, J = 7.5 Hz, 3H); LC-MS: m/z 716 (M + H).
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EXAMPLE 13 1-1 [(2-1 f
(2R) - 2. 3-bi s(ni trooxy) propyl | oxyl et hoxy)carbonyl | oxy
wo 2@8hyd247" - F(I1. 7' -di nethyl -2' -propLl - 1 PCT/US2007/025233
H, 3" H 2,5 - bi benzi m dazol - 3' -yl ) met hyl | bi phenyl - 2-carb
oxylate "H NVR (300 MHz, CDC13) 6 7.85 (m 2H),
7.60-7.20 (m 12H), 6.74 (g, 1H), 5.48 (s, 2H), 5.35
(m 1H), 4.77 (m 1H), 4.58 (m 1H), 4.24 (t, 2H),
3.84 (s, 3H), 3.72 (m 4H), 2.96 (t, 2H), 2.79 (s,
3H, 1.92 (m 2H), 1.27 (d, 3H) 1.08 (t, 3H). EXAMPLE
14 1-{f(5R)-5.6-bi s(nitrooxy) hexanoylloxyl et hyl
2- butyl 4-chloro-1-{[2"- @mPLEalzpl- - ly
I

-4- yI I H- 1 m dazol e- 5-carboxyl at e
00 > 2-b Npopet etra yhbiphgnyl-4- Vl]methvl}-

lH-mGhazoaé gzﬁsrbﬁ&yhjte eI ut i ng W t h met hanol /car bon di oxi de,

'H N@R@B@%@ié@%@@g@ég(gf%ﬁ BT 768t A 2B 7153 0, 7= 77
Hz, 1M),60.5€(d, 1 9.8 Hz $H),(%.10 (d, 4 =78.8 Hiz 2H),17.08 (d, 7410 (H, 2H)5.63 (s, 2H),
5. 34-§ 43 (¥ 11%{513 %dd ga 18, 52]8 HgSL_ﬁhZ'ZIZss (%H')J %. 29?3‘(5%1 ZI11D, 4.25 (1, J =
6.2 Hp, 3458y, 8:78 417 ?@/Hﬁ%bbﬂ 826295 £33k, 2H), b7 (quintgt, W= 6.8 Hz, 2H),

1.48-160 (&, 4H),(028 &edRt, 37#141—& HH), @s.igt 5h2743mI3H) hi)c M’s 7r@/z 643 (M +
(dd, J ="3.0, 13.1 Hz, 1 H), = .

H)'Hz,lH),2.65(t,J:78Hz 2I—I) 232242(m2I—I)

1.66-1.80 (m 6H), 1.56 = 5.5 Hz, 3H), 1.36

(sextet, J = 7.5 Hz, 2H) :74Hz 3H);

LG-MS: nfz 701 (M + H) B&‘Iﬁﬁ“ﬁn}é 500 MHz, CDC13) 6
(5R)-8.6abis(nitroqxyrhexyl2hputyl cl_gloroﬂ -612'-( }H-tctrazOPSﬁ/l)lgm' henylr4-ylimethyl}-
1H-1n71d§z%lc(5~vcar:|aoxvlzlte6 HZ 1 H) 7.42 (d, J = 7 6 HZ 1 H,

The- txtée @g}p()glﬁd \3as:prq:;)a!:5>d 'qu fo]IPwp.Dg the Broseziur(ecfgr eg(amplfd 75exp§pt thft the reagent
(28)-6HydroRyHeXaredi,2- dldeliliﬁraf_e wig replackd by @RL8-h9drddyHeanel, 3iyl dinitrate

dd, J = 2.9, 13.0 Hz, 1 H), 4.41 (dd, J = 6. 4,
(‘"te”i"fag"%z 1H), 2.65 (t, J = 7.8 Hz, 2H), 2.32-2.42 (m

2H), 1.66-1.80 (m 6H), 1.55 (d, J = 5.5 Hz, 3H),
1.35 (sextet, J:75I—IZEX2¢U)1PLQI@8 (t J=7.4 H,
. LC-MS: nfz 701 (M + H) . EXAVPLE 15 |- f |

2R)- "J' "‘.'A Prop 5.:- aZaltl:hta

vnmetlhynmmlmidzolblrst@woamie- 5-yl) bi phenyl 4=yl I et hyI -

|
'HN}{%Q@BM %@ ;gggggogx;(/%gt el}ﬁ)' 7@4@{ 9QE f 7&2}[ m?"\ﬁs @, J = 1.0,
7.6 HZ7 1BB 75264, J(=n.8 H2H)H) 7106l { & 8.3Hz 2H),6. %lz(d Jl— 8 Hz721805.54 (s, 2H),

544-5(53'2@-‘]_'21111)@18%(5361 737i_|)139q{29$H;4%§(&dnJﬁ_§ 1 6@;8 1(19'4J3§(t J=45Hz,

2H), 3556538 (m, #H)2. 5% de { 4 Hz 21, 1.68 Guinet, Ji= 14§ HngI—@QI @a(se@tet_J 7.5 Hz,
~ 2H), 0.86 (t, /= 7.3 Hz, 3H),LC MS: m/z 645 (M + H),

EXAMPLE 20 _

| (4R)-4,5-bis(nitrooxy)pentyl 2-butyl-4-chloro-1-{[2'-(1H-tetrazol-5-yl)biphenyl-4-yl]methyl }-1H-
imidazole-5-carboxylate

'H NMR (500 MHz, CDCl3) & 7.83 (d, J = 76Hz 1H), 758(t J=17.5 Hz, 1H), 749(t J=176
Hz, 1H), 7.41 (d, J=7.5 Hz, 1H), 7.08 (d, J = 7.7 Hz, 2H), 6.87 (d, J = 8.0 Hz, 2H), 5.50 (s, 2H),.
5.28-5.40 (m, 1H), 4.74 (dd, J = 2.9, 13.0 Hz, 1H), 4.48 (dd, /= 6.2, 12.8 Hz, 1H), 4.22 (t, / =
4.8 Hz, 2H), 2.53 (t, J = 7.7 Hz, 2H), 1.74-1.96 (m, 4H), 1.58 (quintet, J = 7.6 Hz, 2H), 1.28
(sextet, J = 7.4 Hz, 2H), 0.83 (t, / = 7.3 Hz, 3H); LC-MS: m/z 629 (M + H).
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16.9 Hz, 1 H, 5.18-5.24 (m 1 H), 4.68 (dd, J = 3.0,
13.1 Hz, 1 H), 4.49 (qd, J =7.0, 9.8 Hz, 1 H), 4.40
W@ 2abg/036246. 4, 13.0 Hz, 1H), 4.14-4.24 (m 2H),PCT/US2007/025233

2.25-2.35 (m 2H), 1.60-1.74 (m 4H), 1.43 (t, J =

7.1 Hz, 3H), 1.30 (d, J:55Hz, 3H); LCGMS: mz 705
(M+ H. D astereoner 2: 'H NWR (500 WHz, CDCl13) S

8.04 (dd J = 1.8, 6.9 Hz, 1 H, 7.56-7.64 (m 2H),

7.44 (d, J =8.2 H, 1 H, 7.30 (d, J =6.8 Hz, 1 H),
6.93-7.03 (m 2H), 6.87 (d, J =7.7 Hz, 2H), 6.76 (d,

J =9.1 Hz, 2H), 6.74 (q, .0 Hz, 1 H, 5.65 (d,
J:17.0Hz,1H),56 15.9 Hz, 1 H),

5.1. 5.2 m 1. E?‘MPE‘E—ZQB O, 13 1 Hz, I—?_l

g ! ) 1yl eny]-4 e syl }4 1 H-benzimidazole-

Tcarbbdifie Mz, 1 H). 4 14 4.24 (m 2H), '35 (m 2H),

; 4 4

oo BRSNSk A et o0 3 A - e
7.47 (4,6 { BRH=5,H; Dt (di/ t=r7c&)I>Iz,/)1 HL-7(32r(apf 0Ny IHzxyI)m @08 t, J = 7.9 Hz, 1H), 6.94
, J =4I, %’ig&yianh6 ?ﬁh °§°7 7'H€ ﬁﬁP 5 3 (i(zﬁ)"s"iseg 5269 1187477 (dd, 7= 1.4, 129 Ha,
1H), 4l43|(fﬁ dazel.d28- %ﬂﬁb)@\ﬂl“éﬂ@' T RRRH)5608 (= 6.2Bz12)), $72 (q, J = 7.4
Hz, 219, Qﬁg&u%t(f&ﬂHﬂ)zfggl@,@(étﬁmeﬂj 71}& bh) 1341'z9 J= 77 1514z JH); LC-MS:

”'/26“(c§M*JH£ 7.5Hz oH), 6.96 (d, J:75Hz 2H) 691
5.0 Hz, 1 H), 5.51 (q, J = 16.5 Hz, 2H), 5.29

ddd. J = 13.0 6.5, 3.0 4.76 (dt. J = 13.0,
(3.5 2, 1K), 449 (dd E%M%{ZEDCPGSHQ 1H, 271
bi 00 ethyl=2-pxgethiyl 2-Duty]-44chiifio-1-{[2"-(1H-
A4 V]jrm§§wil~} ?ﬂl it az8ld) s- c&rbgﬁvlgte68 (m 2H)
2- onyi:tlw(l |2|7butvzl
vl)bmthl 4Hmmc@m}Vmaﬁ@&zewézrbeﬁ;rétuszoow 025233 EXAMPLE
The tlﬁ%x& 5(% V@?Sb&rseé%rfi%?)g??lki 1Qg tlzeﬂ_li_Of: d(urr o(gle_x%r_nple 17, except that the
reagCM-@ﬁbWMW}/h&W@ﬂﬁ iyl dinitrave sas otpdacsd darlbdacti lagidebentyl ester. 'H
NMR ﬁﬁ@ﬁdﬁ@lﬂzﬁ% , B=1. 56ﬁz(1Ci{) 458§t7]6- 13, Hzl 1), 7. 33 §4J 7.5 Hz,
7. J Hz H) 0
1H), (zgp (dy 4 =77.8 Hz, 1H), 152 -77241@1 (éjH) F=13(dp I 5,8.0 Bz 2H>, @%3 (da/ = 8.0 Hz,
2H), 5147 éthJHZ% ®@Hp.0 Hz 8HY S, 19:(@1)1 70 B4 BI¥ 5. 10, JHHR.69 (¢, J = 8.0 Hz,

2H), [0 &ﬁet 7L 5%15 %151}21(% G716k H?H?iﬁ??s%té}gl( 75 Hz,2H), 091

(t, J=T71. BHIzIz3HB|-H)CM$ (IY/EI-H)qfouﬂd 39925 Hz, 2H), 1.71 (qui nt et,

J =6.8 Hz, 2H), 1.48-1.60 (m 4H), 1.28 (sextet, J =

7.4 Hz, 2H), 0.83 (t, J = 7.3 Hz, SH%'_LC-I\/IS: nmz 643
Step B:\f2R)-2-4[(2-butyl-4-chloro-1-{[2'-(1 H-tetrazol-5-yhbiphenyl-4-yl methyl} - 1 H-
imidazol-5-yl)carbonyl]oxy } propanoic acid
10% Palladium on carbon (59 mg, 0.55 mmol) was added to a stirred ethanol (5.5 mL) solution
of (1R)-2-(benzyloxy)-1-methyl-2-oxoethyl 2-butyl-4-chloro-1-{[2'-(1H-tetrazol-5-yl)biphenyl-
4-ylJmethyl}-1H-imidazole-5-carboxylate. The mixture was stirred under hydrogen for 2 hours.

The mixture was filtered through Celite, and the filtrate was concentrated in vacuo to give the
title compound as a white solid. '"H NMR (500 MHz, CDCl) 6 7.67-7.62 (m, 2H), 7.56-7.50
(m, 2H), 7.09 (d, J = 8.0 Hz, 2H), 7.01 (d, J = 8.0 Hz, 2H), 6.87 (q, /= 5.5 Hz, 1H), 5.67 (d, J =
16.5 Hz, 1H), 5.57 (d, J = 16.5 Hz, 1H), 5.15 (q, J = 6.5 Hz, 1H), 2.65 (t, J = 7.5 Hz, 2H), 1.56
(quintet, J = 7.5 Hz, 6H), 1.49 (d, J = 7.0 Hz, 3H), 1.31 (sextet, J = 7.5 Hz, 2H), 0.87 (t, J = 7.5
Hz, 3H); LCMS (M+H) found 509.2.
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EXAMPLE 18 (5R)-5, 6-bi s(nitrooxy)hexyl
2-butyl-4-chloro-1-{12'-(1Htetrazol -5- |yy

wO kioploaizyt - 4-yl I nmethyl I - 1 H i m dazol e- 5- car borgT/E8®07/025233
The-title conpound was prepared by follow ng the
procedure for exanple 17, except that the reagent
(2S) - 6- hydroxyhexane-1, 2-diyl dinitrate was repl aced
by (2R)-6-hydroxyhexane-1,2-diyl dinitrate
(internediate 2). EXAWPLE 19 2-f f (2R)-2;
3-bi s(nitrooxy)propyll oxy } ethyl 2-butyl-4-chloro- |
- f [2-(1 Htetrazol -5-yl)bi phenyl -4- yll nethyl 1-1

Step ('f" tlm)dﬁﬁ?gﬁf §,§Clﬂ§(hﬁfﬁ6lx§fh%xvl%%g%%l-%oe%%tvﬁ’ -4-chloro-1-
2'-

tra 1-1 L&'y methy] g ylae - _
The t17le 80H§0uri'd Whis %rz % died b9 foﬂowm i [Héce(ﬁl'fa for@x%FDEdU éxcept that the

reagerttd?dbutyl 4— oio &ﬂ tetr?%c?_bS ygblggertyg-é )glj%cﬂlqg 81H-i§ncézole 5-

carbokidic dcidHvas t-‘praZecj by (ZRF24 [3-thizyl-4-hpro- B—{ﬁB—(iBH&étrézml -5-yl)biphenyl-4-

yl]meﬁ@} iﬁi‘ﬁg‘i‘%’is ylﬁ:a{bo?ny‘_ﬁxx}%gg%ané& 5a§1 2(()3;1\71}1 éDch) 5
7.68-7.63 (piz 2H3|-'{)57—L7(§.1|\@1 2H)z740%d (M 8. Q—]){Z wﬁQ@ 8.0 Hz, 2H), 5.66
(d, J 4 165, QH@ s§Nd, Uoow)slilﬁzntm h¥5.34 (ddd, J = 13.5, 6.0, 2.5 Hz, 1H), 5.16 (q, J =

7.0 Hpy 1o o SR T et f‘aé?%ﬁ{; ) P gt 266 .-

7.7 HM3H), CRELBY0 6m,/288 1(6Y, (q4]11n¥et7] 6 THrHz 128, ,1.57. (p8J ét7 7 Biz2H), 1.48 (d,

J=161, EE[) 113{gsexn9t p i fg H2) 28). 0 87 ﬁzﬂ; 27&3 H: 31%)7{%:(5\% (M) found

715.28.0 Hz, 2H), 5.50 (s, 2H), 5.28-5.40 (m 1 H, 4.74
( dd, 1‘] The ?ol%wul% e)QarH;les dae prépé}gﬁﬁ@ollolvm @nezproéx%u?e for example

22 usipg thezq.m@roqlaimailygg)x(yﬁ?rbgwhc afl%ger(zqhq:smrégn stgp B apd@up.&rate alcohol
instepd), 1.28 (sextet, J =7.4 Hz, 2H), 0.83 (t, J = 7.3

Hz, 3H); LC-Ms: mlz 629 (I\Ll. tl)ﬁl - 33 WO 2008/ 076247

PCT/ US2007/ 025233 EXAMPLE 28

(5R) -5, 6-bi s(ni trooxy) hexyl 2-ethoxy- | -112'-(l
Htetrazol - 5-yl ) bi phenyl -4-yl Il neths}-1
H benzi m dazol e- 7-carboxylatg 'H NVR (500 Mz, (Jﬂ% mass

SEsanple ( d 7.Mampgp 1 H), 163 (t Strgetwre7 6 Hz | spectrum m/e
: 7.57(1@2{(5%75@%& 1H), 7.47 (d, J = 7.8|Hz, 715
H, 7.42 .(d, 7.8 Hz, 7.32 (d, J = Fl8 Hz

W 7. ofisqitropxyhexyllegy)- h E)o 6. wﬁ\(e e
methyl-2-oxoethyl 2-butyl-4- N

' chloro-1-{[2'-(1H-tetrazol-5-

yl)biphenyl-4-yljmethyl}-1H-

imidazole-5-carboxylate |
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Hz, 2H)
599. 2.

(2R) - 2-
phenyyl
| propan
nmol ) W
of (1R
2- butyl
4-yl]me

Jbaclg grg:ong)thexyl]oxyﬁ-lﬁ He,

rIﬂ‘i{tByllaZer;1d)etltij,'lcﬂ"-tbm151b44 {
iord B el

iRidRBRZ5-cabY yldreTeL hy |
4-chl oro- 1- % -(1H-1

hyI}-lkLin1dazoIe 5- ¢4
'red under hydrogen fof
ered through Celite,

rated in vacuo to give

[«

) bipheayl-4-ymeshyl 187 ¢

and Sﬁ\tg i

the tijt

(d, J =7.5 Hz, 2H), 6.85 (d, J = 7.7 Hz, 2H), 5.53

(s, 2H), 5.28-5.34 (m 1 H), 4.77 (dd, J = 1.4, 12.9
woi200807d87 4.53 (dd, J = 6.0, 12.8 Hz, 1 H), 4rP@BUSWN7/(25233

= 7.0 Hz, 2H), 4.08 (t, J =6.2 Hz, 2H), 1.72 (q, J =

7.4 Hz, 2H), 1.60 (quintet, J = 7.1 Hz, 2H), 1.46

(quintet, J = 7.4 Hz, 2H), 1.41 (t, J = 7.1 Hz, 3H);

LCGMS: nmlz 647 (M + H). EXAMPLE 22 (1R)-2-{

[ (5R) -5, 6-bi s(nitrooxy)hexyl | oxy |

-1- et hyl - 2- oxoet hyl 2-butyl-4-chloro- |-f 12'-(IH

tetrazol -5-yl)bi phenyl-4 Ily

pet-hyl 1. 1H-im dazole-5 carbOX\!ate Step—A:

BR) - 2- (WRN2Y][BS))S:&- et hyl - 24 oxoet hyl ol 715

2- but yl 2_ (1H—tetrazo| 5-

I ~pheny|bl%ﬁltrq%l’(§{/tlle%yq§—f| rrll dazgl e- boxylgte Jhe (M+H)

title c:mpbmhaomaghpkkb@wbé by | ogedur e

for exalgidio- ]17[1[23((9?-@5&&51@5 e

(2S) - 6- hydr oxyhexane- d dced

by D> | apuIPhes cA DU bty

CDC13) mﬁdeﬁaleéﬁ-car‘boxyﬁté Hz, 7.5

Hz, 1 H), 7.53 (t, J = 7.5 Hz, =7.0

Hz, 1 H), 7.32-7.24 (m 5 H), 8.0 Hz,

2H), 6.93 (d, J = 8.0 Hz, 2H), = 26.|0,

16.0 Hz{ 2H), 5.19 (q, J = 7. .11 (s,| 2H),

2.69 (t! 1 =80Hz 2H) 1 72 (quintet J =715 Hz

24, 1. :(551@,{[(\55‘,:5‘6,0 Hz, 3H). 1. 39 (sext et, J =71.5 715

iltrate was
e conpoung

IhSﬁZ- (Ijgjxlg/lg (500 I\/Hz
1)1§fn11_rogxb) yl?cg%l 7 09

-6 8
methyd-2-bodihyi2-bityH)-

%g(o‘il 1Jf[|%6(e1§1 E%razé xon
yl).bugwnyls%ﬂt]étethyj}-im :

iniddzolel S0 Mk T ound
5247 PCT/ US2007/ 025233

fin

CDC13) S 7.67-7.62

236 -




Step C (1R -2-{1(5R) -5, 6-bis(nitroox )~
11 oxy}-1-nethyl-2-oxoet hbutyl-4-chloro-| -

WO 1@8/0(6kkF t et razol - 5-yl ) bi phenyl -4-11i1 nethyl PCT/US2007/025233
-1H i m dazol e-5- carboxyl ate The title conpound was
prepared by follow ng the procedure for exanple 17,
except that the reagent
2-butyl-4-chloro-1-{[2"- (I Htetrazol -5-yl) bi phenyl -4-y
| ]met hyl } - 1H i mi dazol e-5- carboxylic acid was repl aced

y
(2R)-2-{[(2-butyl-4-chloro-1-{[2'-(1H tetrazol -5-yl) bi
phenyl - 4- Data Table 1 (continued)

yl]me -1H i mi dazol -5-yl)carb oX
aci d.é : (500 MHz, CDC13) S % _ﬁl Q#r o_m vessel_

7.57-7 51 (n1 2H), 7. 10 (d J = 8.0 Hz, 2ro -%%;Oﬂﬁﬂﬁi
J = 5. 66 = 16.5 Hz, H)557(d
J =13 5 6.0, 2. 1
M@ﬁ%&, AL
13.0 %%, 1 H), ?@z?l (m 2H).0 uM
.7 Hz, 2H), 1.76-1.70 (m 2H), 1.67
(qui nt A0 Hz, 2%0, 1.57 (p, J = 7.7 Hz, 2H)
1.48 ( 0 Hz, 3H), 1.32 (sextet, J = 7.5 Hz,
2H) , 0.8‘?@, J =7.5 H, 3H); LCVMS (MtH) found
715.2. TRE fol | owi ng exanpl es can be prepared by
fol | owyng the procedure for exanple 22 using the
hydr oxycar boxylic acid benzyl esters in

t
app-gpri at e a-
=) ) in step C. TABLE 1
- S npl fg% r_ﬁctu!re spectrumnzle 23

5R)-5,6- C bis(nitro [ Joxy}-1
) ( 4_q§é%ﬁffy 1oxy}- 111 Qu

(M+H) - hyl - 2- oxoet hyl 2-butyl -

chl or o- 2" Y1H tetrazol-5- HN N O

yl) bi pheryl~4=y1]nethyl}-1H ~ O O

i m dazoNeJ5- car boxyl ate O2NO O2NO -35 WD 2008/ 076247

PCT/ US2t7/ 025233

\/\/\/\
@( 7<O O ONO,
ON02

Example 9 0.99 uyM
e
HN,
g
N 7< To\/\o/\_/\ONOQ
Example 11 23 uM
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24 (1R)-2-{ [(59)-5,6- cl 715

bi s(ni trooxy) hexyl]oxy}-1- N (MrH) net hyl - 2- oxoet hyl
wWQ@2809247- N=N N O chloro-I-{[2"-(1HtetrazoPecBUSIHN/N25233

0 yl)biphenyl-4-yl]nethyl}-1H O

i m dazol e-5-carboxylate 0 02ND O2NO 25

(1S)-2-1[(59)-5,6- A 715 bis(nitrooxy)hexyl]oxy}-1-

N (MtH) net hyl - 2- oxoet hyl 2-butyl -4 N=N N

chloro-1-{[2 -(1Htetrazol -5- HN N O Nz~

yl ) bi phenyl -4-yl ] nethyl }-1H O i m dazol e-5-car boxyl ate

02ND O2NO 26 (1S)-2-{[(5S)-5,6- A 701

bi s(ni trooxy) hexyl ] oxyData-Tabe(IMebhtinueelh hy! - 2- oxoet hyl

2- but WkrudtueN N O chl oro- 1-{[ 2' -CdhbéaidrNaiber5-EEYY ilNvessel
0 yl)biphenyl-4-yl]lnmethyl}-1H 1 , 0 O i m dazglaxation assay
| e-5-carbo xylate 02ND 02NO -36 WO 2008/ 076247

US2007/ 025233 Data Table 1 (continued)

N Oﬁ(OV\‘AONo2
CLTA

ONO,

~Example 12 373 uM
EtO
N=n
HN_
N"
\ N o) o ONO, '
: 0.37 yM
G Example 8 1)
N=N ‘
HN,
U
o) O 0]
NQ( 7< \"/ V\O/\{\ONOZ

2. M
Etd Example 10 | 38 u
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Structure Conpound Nunber ECsp in vessel  C

relaxation assay N OOy O-~O'~0ONO2 0O O ONO2 Exanple 3
wWG2@8Mre2Blf N ' 1 HN-N ClI N N QOY0O ONO2 O | E1NeD07/025233

Exanple 4 1.1 M N HN-N O Oy0O ONO2 9y O 0 ONO2 N~-N

Et0 Exanple 9 0.99 M ,N-NHN NOOO-~0-ON02 NO

0 ONO2 EtO Exanple 11 2.3 M NO--N HN N - 37

WHAT IS CLAIMED IS:

1. A compound haviﬁg the general formula:

ONO,
e
/ ONO,
R
ONO,

Yi
ONO,

wherein R is selected form the group consisting of

0-1
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WO 2008/ 076247 PCT/ US2007/ 025233 Data Tabl e |
conti nues Structure Conpound Nunber EC O in vessel

WO edoana2eon assay O-~ONO2 N~ N O wy O ONO2 Exmempis2002025233
3.73I M EEO,N-N HN,~ OO0OYO ONO2 N~-N O O ONO2
Et 0/ Example 8 0.37 M /N-NHN,~ NOO YO ----- O ONO2
~--N O OONO2 EtO Exanple 10 2.38 M IV.NHN,~ -38 W
2008/ 076247 PCT/ US2007/ 025233 WHAT IS CLAIMED | S: 1.
A conpound havi ng the -general forrmula: ONO2 Y / ONO2
R

HG  OH

CHs;
/\/4N ) 0—%
HyC N
o N=N

[\

HsG |
N N
HaC \ e
/
HaC

, and

Yis-Y1-Y2-Y3-Y4.Y5-;

Y1 is C(R1R2);

R! is selected from the group consisting of hydrogen and C1-4 alkyl;
-40 -



2 Y ONOONO2 1 0-1 wherein Ris selected formthe

group consisting of C H3ICCH3 0 HBC NOA H3C N O~
wa2NsA7T@Q4N=N HN N HN N -39 WO 2008/ 076247  PCT/US2007/025233

PCT/ US2007/ 025233 H3IC OHCH3 Z N HICONO O~ H3CN

ONEN ONNHN/ N HNN\ NCF2CF3 - H3C DY H3C N

OO ONNO NMNHN/NHNN H3C.NNH CNNHICO-~

R2 is selected from the group consisting of hydrogen, C1-4 élkyl, and —OC(0O)C1-4 alkyl,
- Y2 is O, C(O), P(O)(OH) or CH; '
Y3 is O, C(O) or CH2, provided that when Y2 is C(O), then Y3 is not C(O) and further provided

that when Y2 is O, then Y3 is not O, and when Y2 is P(O)(OH), then Y3 is O;
Y4 is O or CH? or is absent, provided that when Y3 is O, then Y4 is not O;

Y5 is -(CH2)1 -2-(X)0-1-(CH?2)Q-1- or is absent;
X is -O- or -CR3R4-; and

R3 and R4 are independently selected from the group consisting of hydrogen and C1-C4 alkyl;
Qr a pharmaceutically acceptable salt thereof.
2. A compound of Claim 1, wherein Y2 is O or C(O).
3. A compound of Claim 1, wherein Y3 is C(O) and Y2 is O.

4. A compound of Claim 1, wherein Y is -C(R1R2)-O-C(O)-Y4-Y5-.

5. A compound of Claim 1, wherein the compound has the structure

ONO,
/\ /k Y2 V4 /|/
S ya S s ”ONo2

6. A compound of Claim 1, wherein the compound has the structure

_4] -



H3C N O Oand HO Y is -Y1-Y2-Y3-Y4-Y5-; Yl is
C(R1IR2); Rl is selected fromthe group consisting of
whyasogew’ and C 1-4 al kyl; -40 WO 2008/ 07624 7PCT/US2007/025233
PCT/ US2007/ 025233 R2 is selected fromthe group
consi sting of hydrogen, C 1-4 alkyl, and -OC(O C 1-4
alkyl; y2is 0, (O, P(O(OH) or CH2; y3is 0, C(O
or CH2, provided that when y2 is C(O, then y3 is not
C(O and further provided that when y2 is 0, then y3
is not 0, and when y2 is P(O(OH), then y3 is 0; y4 is
O or CH2 or is absent, provided that when y3 is O,
then Y4 is not O; %5 C}Q)l 2-(X)0-1- (C}Q 0-1- or
is absent; X is.-0-4o0r 33R4-; and R3 and 7e
|ndependentl L -s€l egA n1the group conS|st|ng of
hydr ogen afef c1-€4 alkyl ; ~aY@ a |q3hby
acceptable salt thergof. 2| A conpound of da
wherein y2 is 0 or 30 A compound of Cla|n11

)-Y4-y5-. 5. A conpound
of Caim1l, wherein the cf nd has the structure
ONO2 IH3CON O~ Y2 'Y4 |, Y] 5 =QN02 ON

wherein Y1 is C(CH3),, Y2 is O, Y3 is C(0), Y4 is O and Y9 is -(CH?2)1-2-(X)0-1-(CH2)0-1, wherein
X is -O- or -CR3R4-; and R3 and R4 are independently selected from the group con31st1ng of hydrogen

and C1-C4 alkyl; or a pharmaceutically acceptable salt or hydrate thereof.
7. A compound of Claim 1, selected from the group consisting of

o/A\g/\ONo2

ONO,

, and
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i I M~ NN 6. Aconpound of Aaim1l, wherein the
conpound has the structure -41 WO 2008/076247
W(PQITDB/OJ&’Z@@?/ 025233 ONO2 H3COAI N O, Y2 Y& , YRC1VBS2057/025233
"ONO2. N M\ NN wherein Yl is C(CH3)2, y2 is 0, y3
iIs C(O, yd4is 0 and y5 is -(CH2)1-2-(X)0-1-(CH2)0-1,
wherein X is -0- or -CR3R4-; and R3 and R4 are
i ndependently selected fromthe group consisting of
hydrogen and C 1-C4 alkyl; or a pharmaceutically
acceptable salt or hydrate thereof. 7. A conpound of
Caim1, selected fromthe group consisting of CI OO
O,-,,-" YNYYOLON® OCH3 OON®Z N N\ NN,

and -42 WO 20084676247 PCT/ US2007/025233 CI YOO ON

P IRAAN YOy o

HsC CH; oNO,

ora pharmaceuticélly acceptable salt thereof.

8. A compound having the structur:.
Cl ONO,

I
wherein Y1 is CH(CH3) or CH2, Y2 is O or CH2, Y3 is C(O) or CH3, Y4 is O or CH2, and Y5
is (CH2)2-4 or is absent, or a pharmaceutically acceptable salt or hydrate thereof.

9. A compound of Claim 8, or a pharmaceutically acceptable salt thereof,

having the structure
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OC H3 OH3C CH3 ON0O2 N N N or a pharnaceutically
acceptable salt thereof. 8. A conpound having the
waresotazse. CI ONO2 2 0, YiY Y3 Y5 ONO2 N Y EEM™MUS1001/025233
N NN wherein Yl is CH(CH3) or CH2, y2 is 0 or CH2,
Y3is C(O or CH2, y4is 0 or CH2, and Y5 is (CH2)2-4
or is absent, or a pharmaceutically acceptable salt or
hydrate thereof. 9. A conpound of Claim8, or a
pharmaceutically acceptable salt thereof, having the
structure -43 WD 2008/ 076247 PCT/ US2007/ 025233 C

OND2 O.Y2 .Y4f NYL Y3 Y5 ONO2 Y ON i | N
Cl ONO
2
N
/N 2y J/
O\ /Y\ /Y ‘e
\/\/<N v Sy Sy oNo,
(o]

10. A compound of Claim 8, or a pharmaceutically acceptable salt thereof,

having the structure
ONO,

cl o
N .
A o L
N Sy YT T ysT YoNO,

11. A compound of Claim 8, or a pharmaceutically acceptable salt thereof, .
wherein -Y1-Y2-Y3-Y4- is selected from the group consisting of ‘

< o o '
\/\/\9:' , fﬁd\/ \n/o\és' . and f‘:‘\r Y\f
O .

CH; O CH,

12. A compound of Claim 8, or a pharmaceufically acceptable salt thereof,
wherein Y3 is (CH2)2, (CH2)4, or is absent.

13. A compound of Claim 8, or a pharmaceutically acceptable salt thereof,

selected from the group consisting of

- 44 -



N-N 10. A conpound of Claima8, or a pharnmaceutically
acceptable salt thereof, having the structure CI ONO2
w2862yl Y ' Y3Y Y5 ONO2 N Y ON N NN 1BRCT/BS2007/025233
conpound of Claim@8, or a pharmaceutically acceptable
salt thereof, wherein -yl-y2-y3-y4- is selected from
the group consisting of yOyO ~- and ss~ 0 CH3 0 CH3 O

12. A compound of Claim@8, or a pharmaceutically
acceptable salt thereof, wherein Y5 is (CH2)2,
(CH2)4, or is absent. 13. A conpound of Claim8, or a
phar maceutically acceptable salt thereof, selected
fromt group consisting of -44 WD 2008/ @i6247

\/IF\)SZ@ 007/025233 CI CI NONO2 NO D2y ONO2 O ON02
N M\/\‘/\ONOQ \/ka O\/\/\./\ONOQ
o} ONO, ONO,

N
‘N’N ’
Cl
N
1\ .
NN O O\[ro\/\/\/\ON02
O CH; O ONO,
I
N
N‘N“" » , and
Cl
7\ .
\M OYO\H/\/\:/\ONO2
O CH; O 6N02

which is
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NNN C N\V10O0*0OONYOW2 OCH3 OOND2 N N' , and

NNCI N1 O* ONYON2 OCH3 0 ONO2 NNNN
wazeosreenpound of Cl aim 13, or a pharmaceuti cedT/¥S2007/025233

acceptable salt thereof, whichis C *0 0O NY Il NO

OO CH3 OONO2 N NL NN -45 WD 2008/ 076247

PCT/ US2007/ 025233

15. A compound of Claim 14, or a pharmaceutically acceptable salt thereof,
selected from the group consisting of '

1-[({ [(5R)-5,6-bis(nitrooxy)hexyl]'ox y}carbonyl)oxyJethyl 2-butyl-4-chloro-1-{[2'-(1H-tetrazol-5-
yl)biphenyl-4-ylJmethyl}-1H-imidazole-5-carboxylate — Diastereomer A, and

1-[({[(5R)-5,6-bis(nitrooxy)hexyl]oxy }carbonyl)oxy]ethyl 2-butyl-4-chloro-1-{[2'-(1H-tetrazol-5-
yl)biphenyl-4-ylJmethyl}-1H-imidazole-5-carboxylate — Diastereomer B. '

16. A compound of Claim 15, or a pharmaceutically acceptable salt thereof,
which is |
1-[({{(5R)-5,6-bis(nitrooxy)hexyl]oxy }carbonyl)oxy]ethyl 2-butyl-4-chloro-1-{[2'-(1H-tetrazol-5-
yl)biphenyl-4-ylJmethyl}-1H-imidazole-5-carboxylate — Diastereomer A.

17. A compound of Claim 1 having the formula
Cl

N

”SCM )

wherein Z is selected from the group consisting of
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15. A compound of Claim 14, or a pharmaceutically

acceptable salt thereof, selected fromthe group
weonsios2eng of 1-[({ [(5R)-5, 6-bi s(nitrooxy)hergt/Ps2097/925233

car bonyl ) oxy] ethyl 2-butyl-4-chloro- I - { [2"-(1

Htetrazol - 5-

yl ) bi phenyl -4-yl ] et hyl } - 1H i m dazol e- 5- car boxyl ate -

Di astereoner A, and 1-[({

[ (5R) -5, 6-bi s(nitrooxy)hexyl]oxy }carbonyl)oxy]ethyl

2-butyl-4-chloro- | -{ [2'-(1 Htetrazol -5-

yl ) bi phenyl -4-yl ] nmethyl }-1 Him dazol e-5-carboxyl ate

- D astereoge B. 1. A conpound of G aim15, or a

phar maceut i'ta b which is

1-1({ [(5R) -5, 6- |s(n|trooxy)hexy ]oxy

carbonyl)oxy]ethyﬂhZ butyl - 4- chl o, | {.[2-( 1

Htetrazol -

yl ) bi phenyl.- 4; |1 mephyl } - 1H-i i dazol e- 5- car boxyl ate -

Di ast er eong ﬁﬁg t he

formula C C \ Z NNNO/ \' N NH rein Z

is selected fro he gpoup consisting oNo,46 WO,

2008/ 076247 RLXT US2@6i{/ 025233 ONO2 CH3 ONO2 ii) 0 O

ONO2 O ONO2 H3C CH3 111) ONO2

ﬁD%

ONO,
OC(O)CH,CH;  ONO,

1v)
\\7// ONO, |

CHs <=3No2
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OC(O) CH2CH3 ONO2 iv) OONO2 CH3 0 ON02 V) ONO2 O

ONO2 vi) ONO2Z ONO2 wvii) ONO2 ONO2 ONO2 wviii ONO2

WO 2008M522008/ 076247 PCT/ US2007/ 025233 i x) yO ENOBS2007/025233
~~~0 ONO 2 ONO2 OONO2 xi) ONO2 0 O_ No2

CH3 0 ON02 xiii ONO
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18. A compound of Claim 1 having the formula
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wherein Z is selected from the group consisting of
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ONO2 -49 WD 2008/ 076247 PCT/ US2007/ 025233 O O yONO2
WO3@SCH240 ONO2 Y NO2 H3C CH3 O ONO2 , and QONORUKRE7/025233
CH3 O ON02 19. A conpound of Claim1 having the
formula HICH3ICN NI i HICOOOW2 OO0OO
O,,~0ON02 20. A pharmaceutical conposition conprising
a conmpound of Claim1l and a pharmaceutically
acceptable carrier. 21. A nmethod for treating
hypertensi.on in a patient which conprises
adm nistering to the patient a therapeutically
ef fective %nnunthf th8 conposition of Claim20. -50

X \H/ \/\‘/.\ONOZ |

HiC CH; o ONO,

% o O\/\
D i T

"HiC CH; o ONO,

% © O N > oo

HC CH3 O ONO,

19. A compound of Claim 1 having the formula

HaC
N—j § N
| /\/« ¢
HsC N N
’ H3C

ONO,
~_ONO,
20. A pharmaceutical composition comprising a compound of Claim 1 and a
pharmaceutically acceptable carrier. '
21. A method for treating hypertension in a patient which comprises

administering to the patient a therapeutically effective amount of the composition of Claim 20.
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