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FLELD OF | NVENTI ON 15 This invention relates to conpounds which are
useful as in the prophyl actic and affirmative treatnent of endotoxin
exposure i ncl udvogessapsi s, septicem a, endot oxem a and vaUTAISN6/H95781S
of septic shock. BACKGROUND OF THE | NVENTI ON 20 The
invention relates to analogs of Lipid A which are useful as inhibitors of
endot oxem a. The incidence of gram negative bacterem a in the
United States has been estimated to be approximately 100,000 to

300, 000 cases per year, with a nortality rate of 30 - 60% Antibiotics

are comonly used as the primary chenot herapy for 25 this disease;
however, their bactericidal action can result in disruption of the
bacteri um and concom tant rel ease of endotoxin, i.e., the

|'i popol ysaccharide (LPS) noi ety of the bacterial outer nmenbrane. The

l'i berated EPS induces a nugUBSTPFUTED LIPOSACTHARIDES USEFUVents in mamal s
(collectively referred to as gram negative endot oxem a or sepsis

syndrone). These i ncl INEHEFREATMENE AND PREVENTIONMGRE ENDOTOXEMIA

10
£ INVI N
15 This invention relates to compounds which are useful as in the prophylactic
and affirmative treatment of endotoxin exposure including sepsis, septicemia,
endotoxemia and various forms of septic shock.
E NTION

20 The invention relates to analogs of Lipid A which are useful as inhibitors of
endotoxemia. " '

The incidence of gram negative bacteremia in the United States has been
estimated to be approximately 100,000 to 300,000 cases per year, with a mortality
rate of 30 - 60%. Antibictics are commonly used as the primary chemotherapy for

25 this disease; however, their bactericidal action can result in disruption of the
- bacterium and concomitant release of endotoxin, i.e., the lipopolysaccharide (LPS)
moiety of the bacterial outer membrane. The liberated LPS induces a number of
pathophysiological events in mammals (collectively referred to as gram-negativé

endotoxemia or sepsis syndrome). These inciude fever, generalized inflammation,
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di ssem nat ed i ntravascul ar coagul ation (DI C), hypotension, acute renal
failure, acute respiratory distress syndrone (ARDS), hepatocellul ar
destruction and cardiac failure. Al t hough endot oxi n

initiates septiwootysasks it has little or no direct toxic effeecrusesnosms
tissues; instead, it triggers an inmunobiol ggical response |leading to a
cascade of rel ease of cytokines such as tunor-necrosis factor (TNF),
I nterl eukin-1, I nterleukin-6 and interl eukin-8, and other biol ogical
medi at ors such disserninated ipkravikscular coagulation (DIG) hypotension, asuts ¢enal dailupe,

medi ators (e.g., prostaglandjns, |eukotri i nt erferons,

ot ol ot acti koG ety OlsRbe BIema (BALE Jhpatsdeliieh HPFGRRR ABRs) . 10
Generation of pat/BRRANMIG! 09i cal concentrations of these cytokines and

I nfl ammat ory nediators 1 nfluence vasonotor tone, mcrovascul ar perneability

and t he aggr egalihougb entetokindyitiates septiqshrick) ithas little or ng diresitoxic effect
terned systemc i nfl anmat ory response sg_ndr one (or SIRS) and septic
shock. 5 on tissyes: instaady jtdniggers ap dnpunekinlogicakrasprase leadipgdo @passadmi n

regions: a long_J5, chakn | ysaccharjde (O Antigen core.region and a
Lipid A regi on.? ?agﬁto? Fgg%" ssﬁ"‘fcfbﬁ) Eleedit: i %@m&%@%@‘%& | as
sonme of its indiyd . . ' ' t hed.
above. Most of d?ﬁé%gﬁ‘boéxlgg@gﬁﬁl&n Bh%nv\%\sl)@réfﬁglrog%! &&L%@%es@gﬂ%ﬁg{nbg%de,
attribut abl e t cag Well las Rincarfaydsfrsecondaripimedidtorsyeldy, prostaglindins sleaketrionds]
of a di phosphoryl ated di saccharide acylated by long chain fatty acids. 20

Ther api es for clftestesanss platelat-activating factor, padarpljas and | colonystimulating factars).
towards confrol Ling t.he tnfla tqry. response.. Such therapi.es include

corticosterfd(;d ?@%ﬁ@'ﬁf’? 92@35&?@85'?%‘ ‘igor?ﬁ?ri?tmpﬁo H?f 0 %"?ﬁ? ed cell
nenbr ane i nj ury;j | ' ' i RarsTp N ¢
R ot at) on o emr SR AR ARUEce Vasomfdt hib InisrlaStut Fporanin id
treat ment w th the agopegationtod leukopytes and plaéletssansingra syridrome tenreacsystentia

apparently bl ocks the hypot ensi ve effects assocjated with sepsis
syndrone; and tinBammateryupsponse syndregmestos SREhandseatic; shockmat ory dr ugs,.

purported to block cyel 0oty aqHaBSS5s ¥ aride molecule has M%egg{aﬁgéjg?bns; along

PCT/ US96/ 09578
16 chain polysaccharide (O Antigen}), a core region and a Lipid A region. The entire

lipopolysaccharide molecule, as well as some of its individual components
possess toxic effects described above. Most of these toxic effects, however, are

_believed to be attributabie to the Lipid A portion. Structurally, Lipid A is composed
of a diphosphorylated disaccharide acylated by long chain fatty acids.

20 Therapies for endotoxin-related diseases have generally been directed
towards controliing the inflammatory response. Such therapies include
corticosteriod treatment, suggested to ameliorate endotoxin-mediated cell
membrane injury and to reduce production of certain biological mediators;
administration of antibodies designed to neutralizg bacterial LPS; treatment with

25 agents to suppress hypotension or with naloxone which apparently blocks the
hypotensive effects associated with sepsis syndrome; and treatment with

nonsteroidal anti-inflammatory drugs, purported to block cyclooxygenanses and



t her eby decrease the production of certain secondary nedi ators such as
prost agl andi ns and t hr onboxane. However, none of these
therapies to date has resulted in significant reduction in the

nmor bidity and nortality resulting fromsepsis and septic shock 5
syndrome. Thus there is a long felt need for agents to affirmatively treat
this di sOWO®os5/39411 Christ, et al., "Anti-Endotoxgrnssso9srs
Compounds, ", U.S.S.N. 07/935,050, filed fugust 25, 1992, the contents
of which are included by reference, disclose certain di sacchari de
conpounds, such as B531 shown bel ow, useful for the treatnent of 10

endot oxeni a. thereby decrease the production of certain secondarygnediators such as

[err] her whi ch di scl ose certain

| i podi sacchari d@?ﬁ%?ﬁ%gsﬁﬂgﬁé&'ﬁm%gﬁ et al., Geat Britain patent 2,179,
945, Meyers, et al ., HsW@dér, Bbhé 8f meﬁéttﬁéfhplgsi’ggaﬁ%s resulteoﬁh'éi%hm&h ral
Eur opean patent 172,581, Anderson, , U S Patent 4,495

Shi ba, et al., rbdustioRi ﬂtetm&rtmﬁﬁ a?ﬂﬂmortahty resulting from Sepéi\ad Gepfid-Ehock

| NVENT! ON 20 The present invention is directed to the treatnent of
sepsi s, septPc SWodeme. Thus thergde alang teitnaed fen agents o aftimativelytmah thisov el
| i posacchari de | 0gs. The conpounds of the present invention
possess advant a@@’?"ﬁ%‘r phar maceutical use such as enhanced

phar macol ogi cal sel eghii, b al.,eAhtiEHdstoxdiH Gompoiiids, T 018.8IN.I OTIFEE5Y] filed

August 25, 1992, the contents of which are included by reference, disciose certain

and

disaccharide compounds, such as B531 shown below, useful for the treatment of

10 endotoxemia.

9?0(on
makom Ho™' M(cHa)eocHa
CHy(CHals CH3(CH)g _~_.0 \/\r(CHz)sCHs
l\/\/\r" CHhoHs O

o]

B531

~ Other references which disclose certain lipodisaccharides include Macher,
15 et al., Great Britain patent 2,179, 945, Meyers, et al., Great Britain patent 2,220,211,
Shiba, et al., European patent 172,581, Anderson, et al., U. S. Patent 4,495,346
and Shiba, et al., U. S. Patent 5,066,794.

O TION _
20 The present invention is directed to the treatment-of sepsis, septic shock,
endotoxemia and related disorders using novel liposaccharide analogs. The
* compounds of the present invention possess advantages for pharmaceutical use

such as enhanced pharmacological selectivity, efficacy, and in particular increased
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47 persi stence of action. A representative conpound of this invention,
conmpound 1, is shown bel ow: [err] 5 Furt her,
the present invention is directed to the prophylactic and affirmative
treatnment of any LPS-nedi ated di sorder. These disorders include, but are

. not | i m twolesvdisepsi s, septicem a (including but not | ipcrinsesios?s
endot oxem a), endot oxem a resulting from gram negative bacterem a
(wth its acconpanying 10 synptons of fever, generalized inflanmmation,

T ore "0, BRBE B, /LB coHBEhS B F i S s 1.1
di stress syndr orgolfl w: hepatocel lul ar destruction and/or cardi ac

failure) and various tornms of septic shock (including but not limted to
endot oxi ¢ shock). Al so, conpounds of this invention will be useful in the

15 prophylactic or affirmative trgatgento | i 3ed.oBoiorsy st em ¢
i nfl ammat ory response to iPHecty o by differgnt fyp§s or gani sns,
i ncl udi ng gram negative bact er@,0p@Nt”"*yn | N diHECRFET N (FHgeCHs

transl ocation of gram negataxyenpacikerba
Toget her these disorders are terned sy$fte
syndrome or SIRS (For a di scussi$h of th
1992; 101: 1644-55).

[ endot oxi B_{AQmdHheEH, gut .
c inflanmatory response 20

ternms, see Bone, et al., Chest

Compound 1

Further, the present invention is directed to the prophylactic and affirmative
treatment of any LPS-mediated disorder. These disorders include, but are not
limited to, sepsis, septicemia (including but not limited to endotoxemia).
endotoxemia resulting from gram negative bacteremia (with its accompanying

10 symptoms of fever, generalized inflammation, disseminated intravascular
coagulation, hypotension, acute renal failure, acute respiratory distress syndrome,
adult respiratory distress syndrome (ARDS), hepatocellular destruction and/or
cardiac failm_'e) and various forms of septic shock (including but not limited to
endotoxic shock). Also, compounds of this invention will be useful in the

156  prophylactic or affirmative treatment of localized or systemic inflammatory response
to infection by different types of organisms, including gram negative bacteria, and
in diseases related to transiocation of gram negative bacteria or endotoxin from the
gut:

Together these disorders are terhed systemic inflammatory response

20 syndrome or SIRS (For a discussion of these terms, see Bone, et al., Chest 1992;
101: 1644-55). |
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Definitions In accordance with the present invention and as
used herein, the follow ng terns, are defined with the follow ng

‘meani ngs, unless explicitly stated ot herw se. The term "al ky"
refers to aliphMO9&3MIhani c groups which may be branched or 5 PGI/USQITS and
whi ch nmay be optionally substituted with oneSor nore hal ogen atons at
any position along the alkyl chain. A kyl groups include both groups which
are have a Si.hgle unoccupi ed val ence, for exanple, -CHerr]-CH err]
and al kyl ene gr whi ch have two unoccupi ed val ences, for exanple

-CHerr]-CH err]-. Aynh8cotBunctwith the preseﬁth%tﬁh'dddeéh udbd l'i&eihr ihe folléwing
singl e or double unoccup| ed valence W || be used as 10 appropriate to

d escrifve conpourndsmsytdre kiefined with e fdlibwingt mbamings, unless explicitly statadottrerwise.
“prodrug” as used herein refers to any compound that has |ess

intrinsic activity t7ae teme alyly EF'GVGGP alipkaticeraanic graunsovhish may ke '@'@F‘E‘éﬁd or

Z%i%f;”neou; oLt P@Qeﬂén%a%v akia %Zgiﬁ%g}%@h% Pripbradialggsn oms
O o ity sl aldry /I Shdl, ARYPGHONBE irtiids Bt Yrulpeitih are

car bonat es, phospha an anes, | ncl rein as e l es. The

groups il ustr athmvea singlecundceapied valenestar skamplearCHECH, and aliiene! grdups
the art could prepare other known varieties of prodrugs. Such prodrugs
of the conpounddvhich hayetwe unogcapied yalences: ios 35%'89@ LGl p AS e AbVious to

cal ts. of " compoues s b o 15 SHB Aub wocRisER ok 1 bg Bl ad

conmpound of fphi g 'g?d é?d‘dé&ﬁ’nb%rbom oun@&%ﬁaﬂcﬂﬁﬁ&ﬂ%ﬁbﬁm d or base.
The conpounds of mul a are useful I n non-ioni zed and sal t

form In practice thé'hestamfpmdhﬁg“fasn:sadmnmmsefbmmsanydommmad that halsdesy
both forms are within the scope of the invention The term

"geometric i somdptEinsicactivity thén the Adryg” but when,administered de gebiclogicabsystem

A1 oot T S RS A R Gl o lor
Further, conpoungigydnAhfe Gite§Esd of ﬁ%ﬁ%h@%d&ﬁn C RtatbRc AR 1o Various

car bon atoms and hénce’can exist as stereoisoners, both enantioners and
‘WO 96/ 39411 15 prodrugs such as acyl esters, carbonates, phosphates and urethanes, mcluded

PCT/ US96/ 09578 di astereo s AII tereoj somers and m xtyres the
are consi dered thereigas %Wﬂs ﬁ‘f%’aé?é b anyy 1o trﬁ)éﬁf"

A et e oy B S S S8
of the compounds of Formula | fall within the scope of the present invention.
The term "pharmaceutically acceptable salt” includes salts of compounds of
20 Fommula 1 derived from the combination of a compound of this invention and an
organic or inorganic acid or base. The compounds of Formula | are useful in both
non-ionized and salt form. In practice the use of salt form amounts to use of base
fbrm; both forms are within the scope of the invention.
| The term “geometric isomers” refers to “trans” or “cis” (or “entgegen” or
- 25 ‘“zusammen” ) isomers as gensraily understood by those skilled in the art. All
geometric isomers are within the scope of the invention.
Further, compounds of the present invention may contain asymmetric

carbon atoms and hence can exist as stereoisomers, both enantiomers and



addi tional asymmetric carbons may be present in conpounds of Formula I, for
57 exanpl e being present in the side chains. In this event, all of the
resul ting di astereoners are considered to fall within the scope of the
pr.esent invention. Brief Description of the Figures

Figure 1 depicts the inhibition of release of TNF-[err] by Conmpound 1 10
illustrating t H¥O9MM1ti on of LPS-nedi ated induction of tunorPOTAIN9E0N528
factor (TNF) in human whol e bl cod by a €onpound of this invention.
Figure 2 depicts the general schene used to anal yze antagonistic efficacy

of drug af {didstereess.! ANl stefedifisthérstiriadtlixiutes irestare coRdidered to fall within
Figure 3 depicts the relationship between tinme versus ability of the test

15 conpound t o ithéistope divAe [peesdnt inventibmoTis synthetictdxamplsgitedriveraintpasvide
superi or duration of action as an LPS antagoni st than does B531.

Thes?a data are tth@most preferzadigamer. It issewidant that dnaddition:to the sugar moiety. n

tri i cat e. , . DESCRI,PTI ON CF THE |

NOVEL. L1 PoisaccH/AGaal asymehetic caions sy 58 pissent i -ampputenof ERTMR - dor
relates to the Wﬁiﬁéérlgﬁng‘:?r&éhﬁﬂ thel'sfé chains. 'lhﬁﬁl§%96ﬁaﬁl) dffhe'tBE@ting ONPr | S€

conpounds of the ge romula 1. 25 WO 96/ 39411
PCT/ US96/ 09578 diastereomers are considered to fall within the scope of thergresent invention.

Brief Description of the Figures
Figure 1 depicts the inhibition of release of TNF-c. by Compound 1
10 illustrating the inhibition of LPS-mediated induction of tumor necrosis factor (TNF)
in human whole blood by a compound of this invention.
Figuré 2 depicts the general scheme used to analyze antagonistic efficacy of
drug after incubation in whole blood for various times.
Figure 3 depicts the relationship between time versus ability of the test |
‘15 compound to inhibit TNF- o and demonstrates that Compound 1 has a superior
duration of action as an LPS antagonist than does B531. These data are the

average of 7 separate experiments each run in triplicate.

20 SCRHI i (@]

NOVEL LIPOSACCHARIDES
In one aspect, the present invention relates to the novel use of substituted
liposaccharides which comprise compounds of the general formuia |.

25



where Rlerr] is selected fromthe group consisting of 5
[err] WD 96/ 39411
PCT/ US96/ 09578 8 [err]

where each J, K and Q independently, is straight or branched Cl to C15
al kyl; L is O, NH, or CHerr]; Mis Oor NH, and Gis NH, O S, SO or

sgerr]; ROWPSEAMILi ght or branched C5 to C15 alkyl; 10 RécTw$osiss7s
sel ected fromthe group consisting of 7 strai ght or
branched C5 to C15 al kyl,
Ra o o o Al
’ A? TH RS NH
v Ol R3 <|J R
R? R2

where R1 is selected from the group consisting of

: .
L

PN

10 LJ )\Q '

0O

N S
AN

/Q
L

15



[err] WO 96/ 39411

PCT/ US96/ 09578 [err] where Eis NH O S, SO or SOerr]; each
A, B and D, independently, is straight or 5 branched Cl1 to Cl15 al kyl;
Rlerr] is selected fromthe group consisting of strai ght or branched
C4 to C20 al kyl, and [err]

10 where eaW¥RPMEH V, independently, is straight or bran®oFiselessrs
C15 al kyl and W is hydrogen or straight &r branched Cl1 to C5 al kyl;
Rlerr] is Rerr] or Rerr]-OCHerr]-, Rerr] being selected fromthe group
consi sting of hydrogen, J', - J'-0H, -J-K ,-J'-OK -0+ and
-J'-OPQCH)[err] where each J' and K, @45 i ﬁendently, is straight or
branched C1 to C5 al kyl;

J K

where each J, K and Q, independently, is straight or branched C1 to C15 alkyl; L is
O, NH, or CH,; Mis O or NH; and G is NH, O, S, SO, or SO»;

R2 is straight or branched C5 to C15 alkyl;

10 R3 is selected from the group consisting of

straight or branched C5 to C15 atkyl,

o

L

A——CH:CH—B’

15
I
Aw— CH:Cl!‘— D
B '
olk
A——C=_C_ B
(ik
20 A= E B CH == CH"’D' and



R6 is selected fromthe group consisting of hydroxy, halogen, Cl to CS

al'’koxy and Cl to C5 acyl oxy; Alerr] and Alerr], independently, are
sel ected fromthe group consisting of
oH 20 [err] WD 96/ 39411
'PCT/ US96/ 09578 . 10 [err]
where Z is stra™¥38#1pranched ClL to Cl0 al kyl ; and phar PEBUSAGI0837B| v
accept abl e salts thereof. Enbodi nent s t he above formul a include the
foll owi ng or conbinations of the - following: 10 Rerr] is C8 to Cl5
strai ght or branched al kyl; Rlerr] is C to. Cl2 straight or branched
al kyl ; Rlerr] is Cl0 straighg or branched al kyl; Alerr] and
Alerr], independently, are OH or }OPO(C]—I)Z;

a E B c=c—D

where E is NH, O, S, SO, or SO; each A, B and D, independently, is straight or
5 branched C1 to C15 alkyl;

R4 is selected from the group consisting of
straight or branched C4 to C 20 alkyl, and

—N

where each U and V, in'dependently, is straight or branched C2 to C15 alkyl and W
is hydrogen or straight or branched C1 to C5 alkyl;
R, is RS or R5-O-CH,-, RS being selected from the group consisting of hydrogen, J',-
"-OH, -J"-O-K',-J'-O-K'-OH, and -J'-O-PO(OH),: where each J' and K,
15 independently, is straight or branched C1 to C5 alkyl;

10

RE is selected from the group consisting of hydroxy, halogen, C1 to C5 alkoxy and
C1 to C5 acyloxy;
A1 and A2, independently, are selected from the group consisting of
OH,
20

——— O—— P— OH

OH

O 7, s Qe P OH

CH



R6 is hydroxy; 15 Rerr] is Cl to C5 straight or branched al kyl;

Rf.err] is selected fromthe group consisting of [err] 20

WD 96/ 39411 PCT/ US96/ 09578
[err] where each J, K and Q independently, is straight or branched
'Cl to C15 al kyl R3 is selected fromthe group consisting of 5

[err] wolesessitach A, B and D, independently, is strairgiTtuseeo9srs
branched C1 to C15 al kyl; 10

o]
I

OH , and
Qe Z==em COoH

where Z is straight or branched C1 to C10 alkyl;
~ and pharrnaceutically acceptable salts thereof.
Embodiments of the above formula include the following or combinations of the
following:
10 R2is C8 to C15 straight or branched aikyl;
R2 is C9 to C12 straight or branched alkyl;
R2 is C10 straight or branched alkyl;
Al and A2, independently, are OH or -O-PO(OH),;
RS is hydroxy;
15 RS is C1 to C5 straight or branched alkyl;
R1 is selected from the group consisting of
[
L

L

Q

20

L

K, and



10 the double bonds of R err] are cis or zusanmen,; t he doubl e bonds
of- Rlerr] are trans or entgegen: R4 is selected fromthe group

consi sting of straight or branched C4 to C20 al kyl, and 15

[err] where U is straight or branched C2 to C5 alkyl, V is straight
or branched C5 to C12 al kyl, and Wis hydrogen or straight or branched
Cl to C5 al kyl ;WO96/3%4tf err] is Rerr]; and Rerr] is R err]- O KRHAAISI6OBS

I n ot her enbodi nents, each Alerr] and Alerr}1 independently, is selected

fromthe group . consi sting of OH and - O PQ( OH) 2; Rlerr] is selected
fromthe group consisting of (\)/\D 96/ 39411
PCT/ US96/ 09578 1 l 0 .0
[err] . a\:/lk
Kl
v where each J, K and Q, independently, is straight or branched C1 to C15 alkyl;

R3 is selected from the group consisting of

‘0|\

(o)
L
A=~—CH=—=C—D
'B .

where each A, B and D, independently, is straight or branched C1 to C15 alkyl;
10 the double bonds of R* are cis or.zusammen;

the doubie bonds of R® aré trans or entgegen;

R4 is selected from the group consisting of

straight or branched C4 to C20 alky!, and

) A

whére U is straight or branched C2 to C5 alkyl, V is straight or branched C5 to C12
alkyl, and W is hydrogen or straight or branched C1 to G5 alkyl;
R, is R®; and R, is R>-O-CH2-.

20 .
In other embodiments, each A1 and A2, independently, is selected from the group
consisting of OH and -O-PO(OH}),; | |

R1 is selected from the group consisting of



V\/nere. each J, Kand Q independently, is straight or branched Cl1 to C15

al’kyl ; 10 Rlerr] is straight or branched C8 to Cl15 al kyl ; R3 is

sel ected fromthe group consisting of [err] 15 where each A, B
and D, independently, is straight or branched Cl1 to C15 al kyl; Rl err]
[err] 20 WO 96/ 39411

PCT/ US96/ 09578 WO 96/39411 13 wher BCTAU$96/09578

straight or branched C2 to C5 al kyl,

al kyl and Wi s hydrogen or straight or branched Cl to C5 al kyl; and
Rlerr] is straight or branched Cl1 to C5 al kyl; and

.

0, OH
L

3 K,
Q

LA
LA,

where each J, K and Q, independently, is straight or branched C1 to C15 alkyl;
10 RZ2is straight or branched C8 to:C15 alkyl;
R3 is selected from the group consisting of

0

L

Ameee CHZZ CH-B’ and

15 ’ B
where each A, B and D, independently, is straight or branched C1 to C15 alkyl;
R4is

20

V is st¥ai ght or branched C5 to Cl12

is



R6 is hydroxy. 5 In another enbodinment, Alerr] and Alerr] are

~O-PQOHJ[err]; Rlerr] is selected fromthe group consisting of
[err] 15 where each J and Q independently, is straight or
~branched, Cl to G5 alkyl, and K is straight or branched C8 to Cl15
- al kyl ; R2 is straight or branched C8 to C15 al kyl; err] is
[err] 20 WWQ 26/38411s strai ght or branched C5 to Cl12 al kyl 6/09578
straight or branched C6 to Cl2 alkyl; ¥ Rerr] is

where U is straight or branched C2 to C5 alkyl, V is straight or branched C5 to C12
alkyl and W is hydrogen or straight or branched C1 to C5 alkyl;
and RS is straight or branched C1 to C5 alkyl; and
RS is hydroxy.
5 In another embodiment, A1 and A2 are -O-PO{OH),;
R1 is seiected from the group consisting of
i
L

]

LAl

10
o] 0/Q
J K’ and
o) .
“\J)k
) K

15 where each J and Q, independently, is straight or branched , C1 to C5 alkyl, and K

is straight or branched C8 to C15 alkyl;
R2 js straight or branched C8 to C15 alkyl;

R3-is
0
L

where A is straight or branched C5 to C12 alkyi and B is straight or branched C6 to
C1i2 alkyl;
R4 is

Ae——CH=CH=B
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14- [err] where U is straight or branched C to C5 alkyl, Vis
straight or branched C5 to Cl12 al kyl and Wis hydrogen or straight or
branched C1 to C5 alkyl; and 5 Rferr] is straight or branched Cl1 to C5

.al kyl ; and Rlerr] is hydroxy. I n anot her enbodi nent, Alerr] and
Alerr] are -O PNOOERpBEr] ; Rlerr] is selected fromthe grorqrnsveedsss i ng
of [err] 15 where each J and @4 i ndependently, straight or
branched is Cl1 to C3 alkyl, and Kis straight or branched Cl10 to Cl12

al kyl ; R2 is straight or branched C9 to Cl2 alkyl; Rlerr] is

[err] 20 where A is straight or branched &8 to Cl2 alkyl and Bis

straight or branched C6 to C10 al kyl ; /]\'
-y

where U is straight or branched C2 to C5 alkyl, V is straight or branched C5 to C12
| alkyl and W is hydrogen or straight or branched C1 to C5 alkyl; and
5 RS is straight or branched C1 to C5 alkyl; and

R6 is hydroxy.

In another embodiment, A1 and AZ are -O-PO(OH),;

R1 is selected from the group consisting of

[0} OH
10 3 X,
Q

ﬁ\-’iK. and
ﬁ\a/ﬁ\x

15 where each J and Q, independently, straight or branched is C1 to C3 alkyl, and K is
straight or branched C10 to C12 alkyl;

R2 is straight or branched C8 to C12 alkyl;

R3is
Q
L

A= CH==CH-B
20

where A is straight or branched C8 to C12 alkyl and B is straight or branched C6 to
C10 alkyl;



VO 96/ 39411 PCT/ US96/ 09578

15. R4 is [err] 5 where Uis straight or branched C2 to C4
al kyl, Vis straight or branched C5 to C10 al kyl and Wis hydrogen or
styaight or branched C1 to C3 al kyl; and Rlerr] is straight or
branched C1 to C3 al kyl; and Rlerr] is hydroxy. I n anot her

enbodi ment, Al eMO9%8%1Aerr] are -O-PQ OH)[err]; 10 R[err] PETAUSI6/09478r r ]
15 [err] 20 15 [err]

Réis

5 where U is straight or branched C2 to C4 alkyl, V is straight or branched C5 to C10
alkyt and W is hydrogen or straight or branched C1 to C3 alkyl; and
RS is straight or branched C1 to C3 alkyl; and

R6 is hydroxy.
In ancther embodiment, A1 and A2 are -O-PO(OH),;
10 Rlis
ﬁ\ 0
CHy (CH3) 1 oCH3

R2 is (CH,),CH.;

15 R3is
i
(CHz) 9— CH== CH~ (CH; ) sCH3.
R4 is
H
I

20 {CH2) 2 {CHy) gCH3 .

RS is -CH,; and

R6 s hydroxy.



WD 96/ 39411 16 PCT/ US96/ 09578

Also within the scope of the invention are conpounds in which RL and R3
are sulfonyls, i.e., conpounds in which the carbonyl on these side chains
IS replaced with SJerr]. These conpounds could be prepared by treating
the appropriately substituted al coholic sugar with the appropriate

al kyl sul f onyl waédmesitde. Thus Rl and R3 maye al so be sel ect e dPET/USA6(0PRTE
followng with A, B, DD E, J, K L, Q andﬁ\/las defi ned above: [err]
WD 96/ 39411 17 PCT/ US96/ 09578
Further, within the Apepgthi tie'scope oethe invertion are cpmpourgisiin whiithcR1 tand R®i nt
of unsaturatlon within the R3 side chain is not a double or triple

car bon- car bon bare’ sulfomls I-e., aempnds-iawhichshssamonyken Kiesertidecchpinss,
e, conpounds ré;?lacec] with I‘§% maI¥1ese compoun&s cou‘ié) i)é B%prégeds w Hgétmgethe [err]

appropriately substituted alcoholic sugar with the appropriate alkyisulfonyl
5 chloride. Thus R1 and R3 may also be selected from the following with A, B, D, E,
J, K, L, Q, and M as defined above:

‘

OH

L

»
]

B CH==CH=-D .




where Eis NH O S, SO or SOerr]; each Ais straight or branched Cl to
CI5 al kylene; D is straight or branched C1 to C 15 alkyl; Fis H -OT,
NT[err]T[err], -C2T, or 10 phenyl wherein each of T, T[err], and
T[err] is independently selected from hydrogen or Cl1 to C5 al kyl;

B is straight or branched Cl1 to - C15 al kyl; 15 I n general,
preferred are cWI6EMAL where: Rlgrpr] is selected frrRCHUSIEOBT®UD
consisting of: [err] 20 where each J, K and Q i ndependently, is
straight or branched Cl1 to C15 al kyl; Rlerr] is straight or
branched C8 to C12 aI kyl ; WD 96/ 39411

]IcD Fynuts ﬁgl S?gzg Jahrthes ,tmn the scope of [ﬂ@ F\]ventlon &rse compounds in vF;ﬁlch theS %lot%(t: B’F d

. ‘ unsaturation within the R3 side chain is not a double or triple carbon-carbon bond
but is an optionaily substituted aromatic group, i.e., compounds in which R3 may

5 have the following structure:

QL tﬂ{l}\w -

B-F

i A
»and A—E-B -—@
where E is NH, O, S, SO, or Sdg; each A is straight or branched C1 to C15
alkylene; D is straight or branched C1 to C 15 alkyl; F is H, -OT, NT'T%, -CO2T, oF

10  phenyl wherein each of T, T', and T? is independently selected from
hydrogen or C1 to CS alkyl; B is straight or branched C1 to
C15 atkyl; '

15 in general, preferred are compounds where:

R1 is selected from the group consisting of:

NS U GRS

20 where each J, K and Q independently, is straight or branched C1 to C15 alkyi;
R2 is straight or branched C8 to C12 alkyt;



5 ' where each A, B and D, independently, is straight or branched Cl to

CL5 al kyl; R4 is [err] where U is straight or branched C2
to C5 alkyl, Vis straight or branched C4 to Cl10 al kyl and Wis hydrogen
or. straight or branched Cl to C5 al kyl; R5 is selected fromthe
group consisting of: hydrogen, -J', and -J'OH where 15 J' is Cl to C5
strai ght or braWo¥%@diky| : R6 is selected fromthe (RCIAISIGN9SIS
consi sting of hydroxy, halogen, and Cl to B acyl oxy; each Al

and A2, independently, are selected fromthe group consisting of:
[err] '

8 N
PCT/ US96/ 09578 \Aqéng‘l‘ %%éé%%’gmﬁh&ﬂ'?‘if’%%“csésf)'{‘%t?f‘e salts thereof.
0

L. L

‘where each A, B and D, independently, is straight or branched C1 to C15 alkyi;
Réis

10 - | _—u/l\v

where U is straight or branched C2 to C5 alkyl, V is straight or branched C4 to C10
alkyl and W is hydrogen or straight or branched C1 to C5 alkyl;
RS is selected from the group consisting of: hydrogen,. -J', and -J'OH where
15 J'is C1 to C5 straight or branched alkyl;
R6 is seiectad from the group consisting of hydroxy, halogen, and C1 to C5
acyloxy;

each Al and A2, independently, are selected from the group consisting of:

20 OH an_d
o) B OH



Most preferred are conmpounds of fornula 1 where: Rlerr] is selected

frromthe group consisting of: [err] where J is straight or
branched C1 to C5 alkyl and K is straight or branched CO to 10 Cl4 al kyl;
Rlerr] is straight or branched C8 to Cl12 al kyl; Rlerr] is

[err] 15 where A is straight or branched C6 to Cl12 alkyl and B is
strai ght or braNMeBIM to C8 al kyl ; R4 is [ PCTIUS96/09578
where U is straight or branched C2 to C4 alkKy, V is straight or branched
C5 to al kyl and Wis hydrogen or straight or branched Cl to C3
alkyls a1y Bn8ohhrhosthobfy Sekefldifl 8l Rbrddf anched alkyl:

PCT/ US96/ 09578 R6 is hydroxy;

Most preferred are compounds of formula 1 where:

R1 is selected from the group consisting of:

5
OH .
J K _ K
where J is straight or branched C1 to C5 alkyl and K is straight or branched C9 to
10 C1i4 alkyl;
R2 is straight or branched C8 to C12 alkyl;
R3is
L A=——CH==CH—8
15
where A is straight or branched C& to C12 alkyl and B is straight or branched C4 to
C8 alkyt;
Réis
W
O/
20 —u)\v

where U is straight or branched C2 to C4 alkyl, V is straight or branched C5 to C9
alkyl and W is hydrogen or straight or branched C1 to C3 alkyl;
RS is C1 to C3 straight or branched alkyf;



Alerr] and Alerr] are [err] 5 and pharmaceutically acceptabl e

sal ts thereof. CGeneral Synthetic Methods Thi s
invention is also directed to processes for preparing conpounds of 10
Formula 1. Disclosed herein are general synthetic routes for preparing
variously substituted conpounds of this invention. The synthesis for a

conpound of thi sWO96/39411 nventi on, conpound Jzo i s shown bel ow. peTUS96/09578
Most of the reagents and starting nmaterials™are well known to those skilled

in the art. Certain reagents and starting materials for this
preparation are descrg®ghydfoxy> detail by Christ, et al., in U S
application 07/935,050 which wll issue as U S. Pat. No. 5,530, 113,

t he di scl osure of V\hiPc1harid;Aﬁeareby i ncor porated by reference. :

One synthesis of the conpounds of this invention is outlined bel ow

Al t hough this exanpl e descri bes the preparation of conpound 1, use of
alternate starting materials will yield ofher anal ogs of this

i nvention. Thus the synthesis is 20 indeed gemeral in nature.

For exanple, use of alternative al kyl aﬂﬁoéﬁé'gf?@ﬁ synthetic step 22 will
provi de analogs with structurally differing suldstituents at RIl.

The substitution pattern at R2 is controlled b?”t he use of the proper

al kyl ati ng 5 agent in step 15. 25 Further, substitution of
suitable alternative conpounds in step 25 in the synthesis wl|
produce anal ogs s sarfacb6iically 'docéfame Gaits thefof. WD 96/ 39411
PCT/ US96/ 09578 21

Anal ogs Wit hout the oxygenated side chain. at 'RA may be prepared by using
ral Synthetic Meth
This invention is also directed to processes for preparing compounds of
10 Formula I. Disclosed herein are general synthetic routes for preparing variously
substituted compounds of this invention. The synthesis for a compound of this
invention, compound 1, is shown below.
Most of the reagents and starting materials are well known to those skilled in
the art. Certain reagents and starting materials for this preparation are described in
15 cdetail by Christ, et al., in U. S. apﬁlicaﬂon 07/935,050 which will Issue as U. S. Pat.
No. 5,530,1{.3 , the disclosure of which is hereby incorporated by refarence.
_ One synthesis of the compounds of this invention is outlined below.
Although this example describes the preparation of compound 1, use of altemate
'starting materials will yield other analogs of this invention. Thus the synthesis is
20 indeed general in nature.
For example, use of alternative alkylating agents in synthetic step 22 wil
provide analogs with structurally differing substituents at m.
The substitution pattern at R2 is controlled by the use of the proper alkylating
agent in step 15.
25 Further, substitution of suitabie altemative compounds in step 25 in the

synthesis will produce analogs which differ with respect to R3.



slight variations in the synthetic schenme shown below as is will known to

t hose skilled in the art. For the conpound in which R err] is nethyl,
for exanple, the product of synthetic step 8, the tosylate, could have
this | eaving group replaced by iodine in 5 the Finklestein reaction. The
iodo conpound coul d be dehal ogenated by treatment with zinc nmetal to
give a methyl gWQQﬁl—"!ml position RA A repr esent atRCrUSIGOASHIR S| S
of the R4 side chain is outlined bel ow. Thé&! preparation of variations
of this side chain may be achi eved by replacing the starting materi al

Wi th other suitabl e apfaf, (%'%dﬁ?iﬁéﬁgéﬂ&tﬁ@@lm & RW@y'b%rh}&ﬂareﬂ byfing

branching of this side ain may be prepared by starting with
appropriate slight \taﬂaltlogs iredhersyathetid isciserhé showse beloweas Bmhknmn t@fndset es

in step 6 wll E)(rodu variation in R4 WO 96/ 39411
PCT/ US96/ 09578 skilled in the art. For the compound in which 3, is methyl, foeexample, the product

Thus e St ol & o RS e BRI IBE B e RBSLITat e
see the fol lsowitRg FinkiesteiR $adtRM afheeibémébﬁr%ohnd could be dehalogenated by treatment
with zinc metal to give a methyl group at position R,.

A representative synthesis of the R4 side chain is outlined below. The
preparation of variations of this side chain may be achieved by replacing the
starting material with other suitable starting materiats. For example, the iength or

10  branching of this side chain may be prepared by starting with the appropriate
starting material. Thus the use of alternative tosylates in step 6 will produce

variation in R4.



WD 96/ 39411

PCT/ US96/ 09578 23 WO
96/ 39411 ' PCT/ US96/ 09578
24 . Applicants believe that the above route, Route 1, is the
superior method of prepari ng conpounds of the present invention due to
a variety of faWo®8%948uLch as use of cheaper starting natROTIUSHEISTS

hi gher yields and the use of |ess toxic che@®cal agents, the route
illustrated below, Route 2, may be used to prepare conpounds of 5 this

i nvention. Most of the reagents and starting nmaterials are well
known to those skilled in the art. Certain reagents and starting
materials for this preparation are described in detail by Christ, et
al., in U S applpcagion 07/935, 050, theeodi gedsosure of which is QCH,

her eby i ncor por ei\by\ efit& A tho tALs exanpte—destri bes tAe 10
preparation of g‘%)orrpound(rc'%;‘&l{ise of al term f'%g mat eri al s'?% |1 )ff"lé’ch"
ot her anal ogs of this invention. Thus the synthesis is indeed general
in nature. For exanple, use of alteraagive al kylating agents
in the preparation of internedrate U will prdayi de anal ogs with
structural lySdi ffering substituents at R[errT® ©CHICHs  The substitution
pattern at R2 is controlled by the use of the proper alkylating 15 agent
In the preparation of internediate O. Furt her, substitution of
sui tabl e al ternative Thogawsgthdsis brigflycduiitbdtictovr pidvides versdtitle palRayaid he
of internediate Gw Il produce anal ogs which differ wiwth respect to

R3. cempounds ofithia inventiopnt(Fes tetails ragasdimg the sinthesis, see sheoollowingd
bel ow. - The 20 63%7? ar.a i on of'v:}lriations of this side chain may be

achi eved by repl Jeptae exampieSarting material with other suitable
starting materials. For exanple, the length or branching of this side
chain may be prepared by starting with the appropriate starting
material. (For details regarding the synthesis, see the follow ng



experimental exanples.) 25 [err] WO 96/ 39411

PCT/ US96/ 09578 25 Jerr] A
representative preparation of the "left" portion is outlined bel ow 5
[err]
WO 96/39411 PCT/US96/09578
23

CHgO
eﬁ:l-ll TsO W\/\/\ 14.Nal/ MSO\/\/\/W
7. 15.HOAC
8.TsClPyr 164BuOK, then HO -
4,MeONa 17.Diphenyiimine formation
%?.fcck' then anzg 18.TBSClimid.
10! INaHCO, 19.Phosgena/Pyr,then allyiOH
11.Phosphorylation 20HOAC
12 HF 21.EDCIC14 ketoacid sidechain
13.CC1,CNGCO ‘ HF
(e} N
CHO ! 0o 0
{ARYIG),0PO™" '*NHTROC "qu/“\/c“
CHy(CHa)g _~_ O O A~ (CHa)CH,
CHOo
lﬁgﬂfﬁ’
CH,O o ° 0 o
Y F) ‘Q ” » c
(AllylO),OPO™ ‘NHTROC AOCO" E)k/k/ "
CHQ(CHQ)GWO OW(CHZ,GGHS
H 23.Zn/HC
CH0 24.VaccenoyiCUNaHC O,
) 25.HF :
28.Phasphorytation
27.PdP{Pha)]o/PhSIH

O~ (CHalkCHs

Compound 1 (as the sodium salt)



10 NH A representative
synthesis of the "right" portion of conpound 1 is shown 15 bel ow.

WD 96/ 39411 _ . PCT/ US96/ 09578
26- [err]

WO 96/39411 24 PCT/US96/09578

Applicants believe that the above route, Route 1, is the superior method of
preparing compounds of the present invention due to a variety of factors such as
use of cheaper starting materials, higher yields and the use of less toxic chemical
agents, the route illustrated below, Route 2, may be used to prepare compounds of

5 this invention.

Most of the reagents and starting materials are well known to those skilled in .
the art. Certain reagents and starting materials for this preparation are described in
detail by Christ, et al., in U. S. application 07/935,050, the disclosure of which is
hereby incorporated by reference. Although this example describes the

10  preparation of compound 1, use of altemnate starting materials will yield other
analogs of this invention. Thus the synthesis is indeed general in nature.

For example, use of alternative alkylating agents in the preparation of
intermediate U will provide analogs with structurally differing substituents at R1.

| The substitution pattern at R2 is controlled by the use of the proper alkylating
15 agent in the preparation of intermediate O. '

Further, substitution of suitable alternative compounds for intermediate E in
the preparation of intermediate G wilt produce analogs which differ with respect to
R3. '

A representative synthesis of the R4 side chain is outlined beiow. The

20 preparation of variations of this side chain may be achieved by replacing the
starting material with other suitable starting materials. For example, the length or
branching of this side chain may be prepared by starting with the appropriate
starting material. (For details regarding the synthesis, see the following
experimental examples.)

25

0 OH . O OcH; OCH;
|-4o)'\/=\(cr-:,),,cma - Ho’u\/:\(ci-l,),cn, - HO/\/:\ (CH2)CHq

A

B C



5

bel ow and
WO 96/ 39411
[err]

27

These two "hal ves" of the nolecule are then coupled as outlined

further el aborated to give conpound 1. [err]
PCT/ US96/ 09578
WO 96/39411 PCT/US96/09578
25
oCH; QCH,
e ———— H me—— :
T80 (CH,)(CH, 177" (CH,)eCHs
D E-
A representative preparation of the “left” portion is outlined below.
5
o. ,OT8s o 0. _l0OTBS Ho 0. _»OTBS
] o — . . —
\F:q“s \I‘:qna HO' "Ny .
CHO CHy0
F G H
CHO o) (0]):1] CHO (o] OTBS CH ’o,\LOg,OTBS
':q N o AIOROPOT N Ny — | (AMIO)R0PO" YT N,
CHy{CHale \ _~_ © ~ CHy{CHas  _~_©° CHA{CH,), N )
CHO I CHO J CHyO K
o ,OTBs CHO O roH
) cHso ! . ’,
R . —_— (Allyl0),0PO " NHTROC
CHJ?FSOWP:%J/NMOC CHs(CHzls ~_~_-©
) \:/\/ CHZO
CHO M
10 L
A
O~ ~CCly
CH,0 °
— (Alyio),0P0™" " NHTROC
CH,(CHa)s - ©
CHLO
N

A representative synthesis of the “right” portion of compound 1 is shown

is below.



Corrpoijnd 1

10 FORMULATI ONS Lipid A anal ogs are

adm ni stered in dosages which provide suitable I nhi bition of LPS
activation of target cells; generally, these dosages are, preferably 15
bet ween 0.01 - 50 ny/patient, nore preferably, between 0.05 - 25 ng/patient

and WD 96/ 39411

PCT/ US96/ 09578 WO 96/39411 28 PCT/US96/99878
preferably, between 1 - 12 ng/patient. Mst2preferably the dosages are
adm ni stered over three days as a continuous i nfusion. The term

parenteral as used herein |ncI udes subcut aneglis, I nt ravenous, o. .OTES

O : HO
\pq Y, — =X

O~ (CHa)CH3 O~ (CH2)CHs
F o] | P
o. ,OTBsS (o} OTBS
TBso HO
T .
o~ (c"’z)sc"'s O\ (CHsCH, O~ (CH2)sCH,
Q R S
5 These two “haives” of the molecule are then coupled as outlined below and

further elaborated to give compound 1.

AL
° oTes
CH,0 ° CCis HO o
(AIyI0),0P0™" Y " NHTROC * a0c0" Y N,
CHy(CHals -0 O~ (CHoIsCHs
CHyO .
N . s
—r
{AIy10),0PO ™" " NHTROC
CHy(CH)s o~ © o\/\, (CH2)sCH,q
CHO :
10 : T
2 oTes °
: o
i—\L‘J" tAIMO)aOI;\Q:HTnoc JU'\/“’”MH:
O~ (CH2CH, )

U v



intranuscular, and intraarterial injections with a variety of infusion
téchniques. 5 Intraarterial and intravenous injection as used herein

i ncl udes adm ni stration t hrough catheters. Preferred for certai'n

i ndi cati ons are nmet hods of administration _which allow rapid access to
the tissue or organ being treated, such as intravenous i njections for
the treatnment oM Midxem a. Phar maceuti cal conpoBCTAUSAGHISTS
containing the active ingredient may be in &%y 10 formsuitable for the

i nt ended net hod of adm nistration. Aqueous suspensi ons of the
i nvention contain the active nateriglscjn ady xbtge Wi th excipients
suitable for the manufacturecdd™a S suspens n 9 0O ‘Such excipients
i ncl ude a suspendrng—agent Nﬁ?k QF bg i&BtH: ul-osTT—
met hyl cel | ul ose, hydroxygk,eRy, e hy ce Iulose a’ﬂ\ﬁkﬁ | gi nate

pol yvi nyl pyrrolidone, gumtragacanth and gym acaci a I spersing or
wetting agents such as a nat &' |y occurring phosphatide (e.g., lecithin),
a condensati on product of an al kylene oxide with a fatty acid (e.qg.,
pol yoxyet hyl ene stearate), a condensation product of ethylene oxide
with a long chain aliphatic al cohol (e. g,

hept adeaet hyl eneoxycetanol ), a coqgen ation qyctcﬁg ethylene 20 oxi de
with a partial ester deriveg$ atty aci

adhexi t ol anhydri de
(e.qg., pol yoxyet hyl e i no- Jﬂk;jluwmwmmﬁuspension
may al so contain ofge oﬁ&%? re ﬂﬁrva?#ve H*ascﬁ ggl of - propyl
p- hydr oxybenzoat e. e p

anmaceuti cal ~co 05|t|ons of the
invention are preferably inS&fe form of a sterile injectable
preparation, such as a sterile injectpble aqueous or 25 ol eagi nous
suspensi on. This suspensi ol rmul atgd according to the known
art using those sui spersing or wetting agents and suspendi ng

agents whi ch have been nentioned above. The sterile injectable preparation

may al 0 be a sterile injectable solution or suspension in a
non-t oxi c parentera ly- WO 96/3941%
PCT/ US96/ 09578 WOFRD-Allyl),
accept abl e di |l uent 6 5Y0) ve as a solutloﬁ in bu an dlog Q
prepared as a hxbﬁ WRong L he aamce g’éhd
solvents that may be e mater Ri ngers OHACH, | Sot oni C
sodi um chl ori de solutlgp addi tion, sterllgaflxed oils may
.conventionally be enpl dyed as a solvent or suspéndi ng nedium For this
pur pose any bland fixed oil may be enpl oyed i ncl udi ng synt heti c nono-
or diglycerides. In addition, fatty aciyds_ gucl OI@ICo&ﬂbﬂm
. CHO
(Na0),0P0 ** " NH HO® ” y'/u\/lk/ {CHZ)CHy
CH3{CHa)s \ _~_-© o O~ (CHzleCH;,

CHO
Compound 1
(sodium salt)

10
FORMULATIONS

Lipid A analogs are administered in dosages which provide suitable
inhibition of LPS activation of target celis; generally, these dosages are, preferably

15 between 0.01 - 50 mg/patient, more preferably, between 0.05 - 25 mg/patient and



may |ikewi se be used in the preparation of injectables.

Fornmul ati ons suitable for parenteral adm nistration include aqueous and
non- aqueous isotonic sterile injection solutions which nmay contain
anti-oxidants, 10 buffers, bacteriostats and sol utes which render the

formation isotonic with the bl ood ~of the intended recipient; and
aqueous and norW@8ed8dlks steril e suspensions whi ch may i n®CHFS6/09578
suspendi ng agents and thi ckeni ng agents. Th&8fornul ati ons may be

presented in unit-dose or nmulti-dose seal ed containers, for exanple,
anmpul es and vi al a ? redsd ZEx gl Hhdidd b
condition 15 re‘ﬁ?ﬁtrﬂrpﬁa{'%m gﬁégﬂaﬁd?% P’gp%‘f’eﬁﬁh@og{%@! r%ﬂl?’l qwéfaéggr{eer,
for exanpl e wat gfyniififstered ovérthRe! dey8as 4 BoMMUBLES infugien.or to use. -
Ext enpor aneous i njection solutions and suspensi ons nmay be prepared

fromsterile powders The teime parenteral-as/usatshegrein includes subautangous, intravenous, | t
w || be understood, however, that the specific, dose.lev

! ] L . far any .
particul ar 20 pawamsysculan pngkt@anedsl injecignswith Ef’af'%t"gl'"gu?m?qfép%ef'he
activity of the specifi . lLQyed: CTol gébf'n '
general heal th, lgﬁﬁaﬂgw?gpdﬂwga%gﬁggél{ﬁﬂeﬁ% ggaﬁggeﬁéggnt rea‘f% ; t%@trtgﬁarr% and
route of adm ni ﬁhfd&ﬁh@gihété}%. 'FéRnel 6P Mbications arehéthbdsibtigdmindstration
have previously beefm adm nistered; and the severity of the parti cul ar
di sease under goivagich latiovapapid a2Eess to the tissue or organ being treated, such as intravenous

EXAMPLES .. . Exanpl es of use of the nethod of the invention
i ncl udes t he f oliniggtions forthe treatment f ARGGIAXEMIZF this i nvention and their

E’Eﬁ?’? 3%8%'/ 885%? be u %%ﬁ%gglﬂicgpémsﬁ%st&ﬁtaining tléeoactive i"%%%gf lé‘l;%e' V\%i irC1 r?ny

illustrate sgyre faimidiRatib 96RE Fitekdedhetiodidi adimisiswationnds ar e pr epar ed
or used. These exanpl es should not be construed as specifically limting

the invention and varAqiebus suspenstoasiof theninventioncantain dhmaefive| matepals in
eVl oped, ar e bdlre with sxcipients Stitable for Hie manbfachure of Squdoi HlispbAbiGHE. ' ©"
Such excipients include a suspending agent, such as sodium
carboxymethyicellulose, methyicellulose, hydroxypropylmethyl cellulose, sodium
15 alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia, and dispersing or
wetting agents such as a naturally occurring phosphatide (e.g., lecithin), a
condensation product of an alkylene oxide with a fatty acid (e.g., pblyoxyethylene
stearate), a condensation product of ethylene oxide with a long chain aliphatic
alcohol (e.g., heptadeaethyleneoxycetanol), a condensation product of ethylene
20 oxiae with a partial ester derived from a fatty acid and a hexitol anhydride (e.g.,
polyoxyethylene sorbitan mono-oleate). The agueous suspension may also
contain one or more preservative such as ethyl of n-propyl p-hydroxybenzoate.
The pharmaceutical compositions of the invention are preferably in the form
of a sterile injectable preparation, such as a sterile injectable aqueous or
25 oleaginous suspension. This suspension may be formulated according to the
known art using those suitable dispersing or wetting agents and suspending

agéms which have been mentioned above. The sterile injectable preparation may

also be a sterile injectable solution or suspension in a non-toxic parenteraily-



5 hereinafter clained. Conmpounds of the present invention are

referred to by conmpound number according to the tables bel ow
[err] ConmpoundS AlAz - - RI _ |
WD 96/ 39411 PCT/ US96/ 09578
31 [err] '
WO 96/39411 PCT/US96/09578
. 29

acceptable diluent or soivent, such as a solutioﬁ in 1,3-butanediol or prepared as a
lyophilized powder. Among the acceptable vehicles and soivents that may be
employed are water, Ringer's solution and isotonic sodium chioride solution. In
addition, sterile fixed oils may conventionally be employed as a solvent or
5 suspending medium. For this purpose any bland fixed oil may be employed
including synthetic mono- or digiycerides. In addition, fatty acids such as oleic acid
may likewise be used in the preparation of injectables.
Formulations suitable for parenteral administration include aqueous and
non-aqueous isotonic sterile injection solutions which may contain anti-oxidants,
10 buffers, bacteriostats and solutes which render the formation isotonic with the blood
of the intended recipient; and aqueous and non-aqueous sterile suspensions
which may include suspending agents and thickening agents. The formulations |
may be presented in unit-dose or multi-dose sealed containers, for exé‘mple.
ampules and vials, and may be stored in a freeze-dried (lyophilized) condition -
15 requiring only the addition of the sterile liquid carrier, for example water for
injections, immediately prior to use. Extemporaneous injection solutions énd
susbensions may be prepared from sterile powders of thé kind previously
described. .
It will be understood, however, that the specific dose level for ahy particular
20 patient will depend on a variety of factors including the activity of the specific
compound employed; the age, body weight, general health, and sex of the
individual being treated; the time and route of administration; the rate of excretion;
other drugs which have previously been administered; and the severity of the
particular disease undergoing therapy.
25 '
EXAMPLES
Examples of use of the method of the invention includes the following. The

compounds of this. invention and their preparation can be understood further by the



Compound # R err] : : R err]
Rlerr] Rl err] Rl err] I '
CO(CH err])CH=CH(CH err])[err] (CHerr])[err]CH O CH err])(CH err])[err] -
CHerr] CHerr]OCHerr] H 2
CO CH err])[err]CH=CH(CH err])[err]CH err]
(CH[err])[err]deld)abﬁlﬂ[err])[err] CH err] CHerr]OCH err]  pé&dusosinosrs
CO(CHerr])[err]CH=CH CH err])[errBeH err] _
(CH[err])[err]CH(O—I)(CH[err])[err] CH[err] CH err]OCH err] CH

( CH err]) E:g ﬂ_l[cﬁrxgmgsrvrv icl lp_is‘raqg[ 4 M the rpLoc:esLes 5; which these compounds are

CO(CH err])[err ]&%&b@%he&a ] Thesd &:@ﬂuﬂéé khouid not be construed as specifically limiting
(CHerr])[err] CH (CHerr])[err]CH err] CH err]OCH err] OH
7 CH[ ahe Jnvertian-amHyasiations of thedrpention, now @@al[ve orfgteer gl
CH e
CO(OL o P 1) [ &1 + JAGMEIORE 4181 cOPFIDERAIIo el WRhip the aeqRs of the maeentr@enﬂon as

CH CH OCH
&&[Lﬁr])?gl)@é&ﬁﬂ@ [err][ezlrhl](a-l[gare;]r)[err] CH err] CH[err]

CH err] [err OHcompounds of thelfftesent invention are referred to by compound number
CO(CH[err])[err]CH:(CHeprr])[erre@err y P

(CH[err])[err]G—(@&djmto]théﬂl@lesb}lpﬂ—l[err] CHerr]CH err] OH

COCH err])[err]CH=CH(CH err])[err]CH err]
(CH[err]))[err](CI—|(OCI—|[err])CI—|[err])CH[err] CH err] 5
CHEM CAL EXAMPLES Unl gss O herw se nQt ¢ ed, Aall reactions
wer e conducted under an inert 18 re. In es and final
products gave spectral analysis (for}jexanple, nuc| ear magnetic

resonance spectroscopy and/or masg C copy) X t wth
their proposed structures. Reacti®™ns wfre n?'hi tdted by silffta gel thin
| ayer - chromat ography. Preparatige chgonmat ograplyy, ugrkess ot herw se
not ed, was performed on silica gel. 15 |
Preparation of Conpound 1 by Route 1 4 WO &8/ 39411
PCT/ US96/ 09578 _ 32 Al l
sensitive reactions were run under nitrogen and in dry equi pnent and
10 Formula 1
Compound # AAZ R R
1 OPO({OH). CO CH,CO(CH,), CH, ({CH,).CH,
2 OPO(OH), €O CH.CO(CH,) ., CH, (CH,).CH,
3 OPO(OH), €O CH,CO(CH,) ;s CH, (CHL)CH,
4 OPO{OH), CO CH,CHOH(CH,) 4 CH,4 {CH,)CH,
5 OPO{OH), CO CH,CO(CH,) ,, CH, {CH.),CH
6 OPO(OH). CO(CH,),CH=CH(CH,), CH, (CH,)CH,
7 OPO(OH), CO(CH),CH, (CH,).CH,
8 _OPO(OH), CO CH,CH(O CH, )(CH,) 10 CH; ({CH.).CH,
8 _OPO(OH), CO CH, CH(O CH, }(CH.) 1 oCH, - (CHA),CH,
10 “OPO(OH), CO CH,CHOH)(CH,) ,, CH, (Cl
11 OPO(OH COCH,CO(CH,) ,,CH, (CH,)CHy




anhyd‘rous sodi um sul fate used as the drying agent unless otherw se

specified. Al products gave satisfactory nucl ear magnetic resonance
spectra. [err] Purification of [err]

~The material (5 kg) was chromatographed on silica and eluted with a

~gradi ent of hexane and Et OAc (100 %to 33% hexane). The pure

fracti ons wer e woo3aed and distilled (97 - 100 -[err] C a@crssénnys
Hg). Yield of purified material 4,513 g. B4 [err] To an ice cold
solution of the ester (4500 g, 22.2 noles) in 12.6 L of THF was added

.sodi um hydroxide (27 noles) in 10.8 L of water. The m xture was stirred 15
briefly and 2.5 L of cone hydroq?r\ﬂ orig acid was added, Theilayers were .

separ at ed and the agueous Xtract e t OAc. The conbi ned
organi c | ayers were washed with bripe, dried odi um sul fate and

concentrated. The product sl stalli ve 2983 g of white
powder. 20 N of To a

solution of the acid (15.8 nol es)
di cycl ohexyl am ne (16.7 noles). The sdl utlon was heatled to 60 [err]C and
allowed to 25 cool overnight. The c#‘ystal s were col®ected and washed
twice with solvent and recrystallized fromacetonitrile. To a
suspensi on of previously nethanol washed Anberlite IR-120 Plus (12
kg) in EtQAc (24 L) and water (24 L) was adBeshuldt

—

 Compound # 2 R R R

CO(CH;),CI-&GH(C&);—EC&- p (w. L CH{OH) C&!; CH, | CH,O OCH, OH
COCH,),CH=CHICH,) :CH, | CF),CHiO CHY CHy).CH, | CR,OCH, | OH
CO(CHy,),CH=CH(CH,):CH, | (CH,),CHO CHiy){ GFb)4CH Crl;

1 CO(CH,),CH=CH(CH;), Ct; (CH.),CH(O CH.){CH) CH, | CH.OCH, | OH |
2 CO{CH,){CH=CHICH,); CH, | (CH,).CH{OH)(CHz)s CH, | CH,OCH, | OH |
3 CO({CH,),s CH, (CH,),CHIOH){ CH,) CH, CH,OCH, { OH
a CO(CH;){CH=CHICH,} . CH, | __(CH,),CHIOH)( CH,)s CH, CH,OCH, | OH |
5 CO(CH,)sCH=CH(CH,) s CH, (CH,), CH, CH,OCH, | OH

6 CO(CH,),CH=CH(CH,) ; CH, {CH,),.CHIOH){ CHJ) ; CH; CH,OCH, | OH

7 CO{(CH,),CH=CH(CH,) s CH, | __(CH,LCH{OH)} CH,)eCH, | CH,OCH, | OH
8 CO{CH,);CH=CH(CH,) CHy_ | (CHL),CHIO CHo)( CH,), CH, | CH,OCH, | OH
9

10

11

:

XAM

Unless otherwise noted, all reactions were conducted under an inert
10 atmosphere. Intermediates and final products gave spectral analysis (for example,
nuélear magnetic resonance spectroscopy and/or mass spectroscopy) consistent
with their proposed structures. Reactions were monitored by silica gel thin layer
chromatography. Preparative chromatography, uniess otherwise noted, was

performed on silica gel.
15

reparation



WO 96/ 39411 PCT/ US96/ 09578

33: above salt. The m xture was stirred for several hours and the
organi c | ayer separated. The aqueous | ayer was re-extracted with
EtOAc (12 L) and the : conbi ned organic |ayers were dried (sodium
sul fate) and concentrated to give 2,997 g of a white solid. 5
[err] Wowsbar (- 67 [err]C) 1 Msolution of |ithium gdistektddys
hydride (8 L) in THF was slowy ~addedsa solution of the acid (1 kg)

in 4 L of THE. The solution was all ovved to cool 10 overni ght. The sol ution
was slowy added,.to 1 M Aqueous HCl s extracted
with tol uene (1%“I_5F"5‘W%’ AR wereyl 'W)% “WQSﬁ%&"W“T ﬁ'ys?ﬂﬂ'm?" and’

bi car bonat e sol ( v, ng@r
vacuumto give %h% g‘fqé\/\fggi %ﬁé%@gﬁ rirg toq()il;gg:j‘?”}\i/eé 8:%?*3& ?&h
l'ight yellow uets gavb5satlsfactory nucleal{rﬂégdetlc resonance 5peétrd) C sol ution of
t he di ol (91389) in pyridine (3 L) was added 3 L of triethyl am ne,

fol | oned by a solution of tosyl chloride (1 kg) in pyridine (1.5 L) and 20
triethylamne (1.5 L). The m xt@ e®as all owed to warm overni ght and poured

ont o a, colRurification éfon o T ( 16 L) and net hyl ene
chloride (8 E) The organi c | ayer was separated and the aqueous | ayer
extracted with additional nmet hyl ene chl oride. The conbi ned organic

| ayers were dried (sodiumsulfate) and
The material (5 kg) was chromatographed on silica and eluted with a gradient of

hexane and EtOAc (100 % to 33% hexane). The pure fractions were combined
and distilled (97 - 100 °C at 0.15 mm Hg). Yield of purified material 4,513 g.

10 :
o oH 1) NaOH o

N NN NN

OH

Ho AN A A

2) HCI

To an ice cold solution of the ester. (4500 g, 22.2 moles) in 12.6 L. of THF was
added sodium hydroxide (27 moles) in 10.8 L of water. The mixture was stirred

15 briefly and 2.5 L of conc hydrochloric acid was added. The layers were separated
and the aqueous layer re-extracted with EtOAc. The combined organic layers were
washed with brine, dried over sodium sulfate and concentrated. The product

slowly crystallized to give 2983 g of white powder.

20
OH

) o O
puttcatonst  § T~
HO

To a solution of the acid (15.8 moles) in 33 L of acetonitrile was added
dicyclohexylamine (16.7 moles). The solution was heated to 60 °C and allowed to
25 cool overnight. The crystals were coliected and washed twice with solvent and
recrystallized from acetonitrile. To a suspension of previously methanol washed
Amberiite IR-120 Plus (12 kg) in EtOAc (24 L) énd water (24 L) was added the



t he sélvent renoved under reduced pressure. The residue was chromat ogr aphed
25. twice on silica and eluted with a gradient of hexane:EtQAc (9:1 to 1:6)

to give 642 g of tosylate. WO 96/ 39411

PCT/ US96/ 09578 ' : 34 [err]
To a suspension of 60 % sodi um hydride oil dispersion (8.68 noles) in 1.15
L of DMF am@ %/3941k of THF was sl owly added the tosyl ate (#cidSesgsrgsand
methyl iodide 5 (7.7 kg) in 1.15 L of DMF38nd 1.1 L of THF. The mixture
was stirred overni ght and then diluted with DVF (3 L) and slowy added

to an satd aqueq Lde. ' S
extracted with h%libé’% k{ 1‘?‘%"\%%1""?1 ng& %Ee%}a?fnélgr%. @EE%%"E‘)[%X% t he
sol vent renoved ggpathisg. d‘héagﬂéﬁlsh& QYWY fe-extRRtY WithVEBOAC (12 L) and the
chr omat ogr aphed on silica and eluted with a gradi ent (hexane: EtOAc 100:0 to
6:1) 10 to gi veomiioed ordanic lnyeraiwereidried (sodium sulfate) aadrdoncentratdo taagive
suspensi on of the_am ngsugar (1019 g) in 5 L of MeOH was added a 25 %

2,997 g of a white solid. :

5

HO HO

To a hot (~ 67 °C) 1 M solution of lithium aluminum hydride (8 L) in THF was slowly
added a solution of the acid (1 kg) in 4 L of THF. The solution was allowed to cool

10 overnight. The solution was slowly addéd to 1 M Aqueous HCI (5 L). The mixture
was extracted with toluene (12 L). The organic layer was washed with sodium
bicarbonate solution, dried (sodium sulfate) and the solvent removed under
vacuum to give a syrup which was distilled- (103 °C) to give 914 g of a light yellow
oil.

15
[OH TsCl oM

HO™ A NSNS 107NN

To a 0 ° C solution of the diof (913.8 g) in pyridine (3 L) was added 3 L of
iriethyiamine, followed by a solution of tosyt chioride (1 kg) in pyridine (1.5 L} and

20 triethylamine (1.5L). The mixture was allowed to warm overnight and poured onto
a cold solution of 6 M aqueous HCI ( 16 L) and methylene chioride {8 L). The
organic layer was separated and the aqueous layer extracted with additional
methylene chloride. The combined organic layers were dried (sodium sulfate) and
the solvent removed under reduced pressure. The residue was chromatographed

25 twice on silica and eluted with a gradient of hexane:EtOAc (9:1 to 1:6) to give 642 g
of tosylate. |



15 solution of NaOWe in MeCH (1080 nL, 5 noles), followed by 610 nL of
et hyl trifluoroacetate. The m xture was stirred overni ght and the
sol vent renoved under reduced pressure and the residue titurated with
i sopropanol . The mixture was. filtered and the resi due washed with

» addi tional isopropanol to give 1369 g of product. 20 [err]

To a suspensi ory@bgadags hydroxy sugar (1300 g) in pyridine (4 errasssmessed
di met hyl am nopyridine (79 g), followed by a@eétic anhydride (2713 nlL). The

WO 96/ 39411 PCT/ US96/ 09578
35 m xture was stirred overnight, 'The sol vent Wa%c enoved under
reduced pressure. 94 Tol uene (5 x %8 n.) was added =} al so renoved
under reduced pregSOFESE""yive @ s0Tid whi choTdy CHf OralGraphed on
silica. Elution with hexane: Et OAc Nall1: 1) gave 1479 g of a white solid.
[err] To a solution of the acetylated sugar (1479 g) in 8 L of

net hyl ene chloride was . - added allyl al cohol (764 nmL), followed by slow

addi tion of tin el raehlahidist 699Ssodium hydride oil dispersion (8.68 moles) in 1.15 L of

DMF and 1.1 L of THF was slowly Iadded the tosylate (1.138 kg) and methyl iodide

5 (7.7kg)in 1.15 L of DMF and 1.1 L of THF. The mixture was stirred overnight and
then diluted with DMF (3 L) and slowly added to an satd aqueous solution of
ammonium chioride. The mixture was extracted with hexane (8 L) which was dried
(sodium sulfate) and the solvent removed to give a orange/brown oil. The oil was
chromatographed on silica and eluted with a gradient (hexane:EtOAc 100:0 to 6:1)

10 to give 940 g of a light yeliow oil.

H

. o OH NaOMe | Hoﬁ
Ho"' “NHpHo - CF3COLEt Ho™ I ** NHCOCF,

. HO

To a suspension of the aminosugér (1019 g) in 5 L of MeOH was added a 25 %
15 solution of NaOMe in MeOH (1080 mL, 5 moles), followed by 610 mL. of ethyl
| trifluoroacetate. The mixture was stirred overﬁight and the solvent removed under
reduced pressure and the residue titurated with isopropanol. The mixture was

filtered and the residue washed with additional isopropanol to give 1362 g of

product.
20 : orc
H A020 (o)
1o~ ° m“ﬁ’j
Ho™ ** NHGOCF, Pyr, DMAP aco™ * NHCOCF,
HO A0

To a suspension of the hydroxy sugar (1300 g) in pyridine (4 L) was added
dimethylaminopyridine (79 g), followed by acetic anhydride (2713 mL). The



10 nmL). The mixture was stirred overnight and slowy poured onto ice cold
water (7.5 L). The organic | ayer was separated and the aqueous | ayer
washed with addi tional nethylene chloride. The combi ned organic

| ayers were washed with aqueous sodi um bi carbonate, dried and
concentrated under reduced pressure. The resi due was chromat ogr aphed
on silica (7.5 woesamiiel uted with a 15 hexane: Et QAc gr adi enpcrndsobodsrs
1:1) to give 1327 g of a pale yellowoil. 85 [err] To a
ice cold solution of protected sugar (1322.g) in 85 L of nethanol was

added 20 to a 25 %solution of I n_met hanol (437 over one hour.
To thi s was - mRyERINES BITEGH QYRS dhs BONSM)NRy tSioNaduaeE EAdded Bipsbyiss
resin. The m xt ' I t |

chr omat ogr aphed "I‘('E):ﬁxe\g(?ﬁ‘ls é( a5.°°éi“id Wgﬁ a\?\na?% ahdak r%eﬁﬁoﬁg% gpdag@guggcg bfg&gwe to
product . give a solidQvRich Wastlchromatographed on silica. Elution with hexane:EtOAc
PCT/ US96/ 09578 . ) 38 [err] The
triol was suspeftidhigave W2 @etawhitg sofidand canphorsul fonic acid (85 g) was
added and then 2, 2-di net hoxypropane (965 m.) was slowy added. The m xture

5 was stirr&d overni ght, followed by the addition of triethylamne (51 n).
The sol vent =NH S\

AcO ACO o
’I'J
A0 N ' NHCOCF, “
_ AcO NHCOCF,
SnCl,

© A0

To a solution of the acetylated sugar (1479 g) in B L of methylene chloride was
added allyl alcohol (764 mL), followed by slow addition of tin tetrachloride (976

10 mlL). The mixture was stirred ovemight and slowly poured onto ice cold water (7.5 -
L). The organic layer was separated and the aqueous layer washed with
additional methylene chioride. The combined organic layers were washed with
aqueous sodium bicarbonate,: dried and concentrated under reduced pressure.
The residue was chromatographed on silica (7.5 kg) and eluted with a

15 hexane:EtOAc gradient (4:1 to 1:1) to 'give 1327 g of a pale yellow oil.

o S
O o M5 A NaOMe HO O ;
A ** NHCOCF, HO™ " NHCOCF,

AcO HO

To a ice cold solution of protected sugar (1322 g) in 8.5 L of methanol was added

20 to a 25 % solution of NaOMe in methano! (437 mL) over one hour. To this was
added previously washed 1740 g of Amberlite IR-120 Plus resin. The mixture was

- fitered, concentrated and the residue chromatographed on silica. Elution with

methanol gave 907 g of product.



was renoved under reduced pressure to give a brown solid which was
chromat ographed on silica. Elution with a hexane: EtQAc gradient (3:1 to
2:1) gave 842 g of a sem -white gum 10 [err] To
a .suspension of 60 % sodi um hydride oil dispersion (82 g) in 2.2 L of THF
and 580 nL of DMF and was added the tosylate (351 g) and a sol ution of
the free 15 aW®#HRYI400 g) in a nmixture of 1360 nL of THF aPCI/GSHE/0T8 Of
DMF. The m xture was stirred overni ght 3The mi xture was cooled in ice
and net hanol was added, foll owed by water (2 L). The m xture was
extracted three tinmes with Etw conbi ned organic |ayers were
esulx ng m xt

dried and concentrated. gHe s urg Wgs 8\ chronat ogr aphed on
silica. G adients i'oN with hexane Ft OAc %’[o 1:1) gave . 20 711 g.
° _

Ho™" ;./C " NHCOCF; % Y NHCOCR,

HO HO'

The triol was suspended in acetone (7.5 L) and camphorsulfonic acid (85 g) was
added and then 2,2-dimethoxypropane (965 mL) was slowly added. The mixture

5 was stirred overnight followed by the addition of triethylamine (51 mL). The solvent
was removed under reduced pressure to give a brown solid which was
chromatographed on silica. Elution with a hexane:EtOAc gradient (3:1 to 2:1) gave

842 g of a semi-white gum.

10
_ acH,
o ..‘0’\/ 0NN NN o ,s‘”\/
o o)
%,p"nucoc#, = %/lg"mcocr,
HO NaH o

-|°CH:

To a suspension of 60 % sodium hydride oil dispersion (82 g) in 2.2 L of THF and
580 mL of DMF and was added the tosylate (351 g) and a solution of the free

15  alcohol (400 g) in a mixture of 1360 mL of THF and 360 mL of DMF. The mixture
was stirred overmnight. The mixture was cooled in ice and methanol was added,
followed by water (2 L). The mixture was extracted three times with EtOAc. The
combined organic layers were dried and concentrated. The resulting mixture was
chromatographed on silica. Gradient elution with hexane:EtOAc (19:1 to 1:1) gave

20 711g.-



[err]‘ To a m xture of 48% aqueous hydrofluoric acid in 1500
nt. of acetonitrile in a 5 Teflon bottle was added a sol ution of the

starting material (613 g) in 750 nL of acetonitrile and 750 niL of
nmet hyl ene chl oride. The mi xture was stirred for one hour and poured
-onto 8L of water. The m xture was extracted w th nethyl ene chloride (4

‘X 2 L). The comOeaa®str gani c | ayers were washed with aqueous PETAISI609578
sodi um bi carbonate sol ution, dried and conc®htrated under reduced pressure.
The 10 residue was chromatographed on silica. Gradient elution with

met hyl ene chl oride: methanol (39:1 to 9:1) gave 519 g of product.
[err] 15 To a solution of the diol (577 g) in pyrigj,g(:?(S L) was
added tosyl chlorigda(83 Qg  and HEN-di met hyl gg SdiYfe (14.5 g).
The m xture W&S.}QI‘I‘ d pt RT f of—wo———> %"
_ o ““ NHCOCF, HO' NHCOCF,
1 OCH; "OCH3

To a mixture of 48% aqueous hydrofluoric acid in 1500 mL of acetonitrile in a

5 Teflon bottle was added a solution of the starting material (613 g) in 750 mL of
acetonitrile and 750 mL of methylene chloride. The mixture was stirred for one
hour and poured onto 8L of water.. The mixture was extracted with methylene
chloride (4 x 2 L). The combined organic layers were washed with aqueous satd
sodium bicarbonate solution, dried and concentrated under reduced pressure. The

10  residue was chromatographed on silica. Gradient elution with methylene

chloride:methanol (39:1 to 9:1) gave 519 g of product.

o o o\~ TsCl Tsoz\qj.s
Ho™ ** NHCOCF; Pyr, DMAP Ho™ " NHCOCF,
) OCH3 b °°H3 .

15 To a solution of the diol (877 g) in pyridine (5 L) was added tosyl chloride (339 g)
and N,N-dimethylaminopyridine (14.5 g). The mixture was stirred at RT for two
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38 days and then poured onto 14 L of cold aqueous 1 M hydrochloric
acid. The m xture was extracted (2 x 5 L) with nethylene chloride.
The conbi ned organic | ayers were dried and concentrated. The -residue
was chromat ographed on silica. gradient elution (hexane:EtOAc, 6:1 to
1: 1) gave 632 gW98%M| | ow syrup which 5 slowy crystalli zZBgI/E$p6/09s?8
st andi ng. [err] 10 To a8 85 [err]C solution of 25 %
sodi um et hoxi de in methanol (1825 nL) in DWVF (1365 nL) was added

e éi’?ﬂ;&%éﬁ?‘»«%&é%%&%ﬁ@ﬁ%@?{%ﬁq riadspy b mEeSavars oo TB8 o o
Stirreq O U MiRyte Weo WORAE (13 5 LYW [eythnd offirih, TRE cobihed prpatfic 1o

of water and thgaykks weredhigtbahdepreentratedy he résitiGe was'cheérastogidphed on shicaof
Et CAc. The .conbi ned organic | ayers were dried and concentrated. The

resi due was pur gradisntgjution (hexapmBIQACoG dpHy1)gaveiBBRghof ayelivmsyrupwhichon

\(Aﬂiei(zémg:oleit gyl5 ag%ﬁ;gwgt:aﬁiztego}l:sjfgnmg\{e 549 g of a pale yellowto

O’v o)
[« I S N
Ts0 NaOMe cro” N 0N
HO™ Y NHCOCF, HO™ N NHCOCF,
o
. OOH, (¥} OCH3

10  To an 85 °C soiution of 25 % sodium methoxide in methanol (1825 mL) in DMF
(1365 mL) was added the tosylate (714 g} in DMF (1365 mL) over 1.25 hour. The
mixture was stirred 30 minutes and cooled to 4 °C and poured onto an ice cold
mixture of aqueous 1 M hydrochloric acid and 4.6 kg of ice. The mixture was stirred
for 30 minutes and filtered. The filtrate was washed with 2 L of water and the

15  combined aqueous layers were extracted with 2 x 4L of EtOAc. The combined
'orgénic layers were dried and concentrated. The residue was purified by
chromatography on silica. Gradient elution (hexane:ethyi acetate 3:1 to 1:1) gave

549 g of a pale yéllow to white solid.
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39 [err] This reaction was run under argon.
To a solution of potassiumt-butoxide (139 g) in 440 nmL of DMSO was
added a solution of the sugar (247 g) in 440 nL of 5 anhydrous DMSO. The

-m xture was heated to 85 [err]C for 1.5 hour and then 250 ni of wat er
was added and t KPR e heated overnight at 85 [err]C and co8FEWSPGP95TS
ice bath. The mi xture was poured onto 3.5 L 8% brine and the nixture

extracted with 3 x 750 nmL of nethylene chloride. The combined organic
| ayers were dried and o/c\o;centra ed to yield 550 g of a brown oil. 10
[err] _ cﬂsoz\qjs 1) oK o "o’ﬁ
Y 0
HO' ’ NHCOCF, — .
. o 2) Hzo HO Y NH,
*1OCH,
u|°°‘_‘s

This reaction was run under argon. To a solution of potassium t-butoxide (132 g) in
440 mi of DMSO was added a solution of the sugar (247 g) in 440 mL of

5 anhydrous DMSO. The mixture was heated to 85 °C for 1.5 hour and then 250 mL
of water was added and the mixture heated overnight at 85 °C and cooled in an
ice bath. The mixture was poured onto 3.5 L of brine and the mixture extracted with
3 x 750 mL of methylene chioride. The combined organic layers were dried and

concentrated to yield 560 g of a brown oil.

0. .~°
CHO o :wa Troc-Cl CHyO Y
’\L'J HO™ " NHTroc
HO" " NH,
Q

*nOCH,

10

*1OCH;

To a mixture of the free amine (199 g) 780 mL of THF and 380 mi. of satd aqueous
sodium bicarbonate was added Troc-Cl (157 g). After 1/2 hour, the mixture was

15  slowly poured onto a solution of 500 mL of 40% aqueous methylamine and 3 L of



To a mixture of the free amine (199 g) 780 nmL of THF and 390 nL of satd

agueous sodi um bi carbonate was added Troc-Cl (157 g). After 1/2 hour,
the m xture was 15 slowly poured onto a solution of 500 nmL of 40% aqueous
“nmethylam ne and 3 L of WD 96/ 39411 :

- PCT/ US96/ 09578 40 - water. The

m xture was ext WA6BMILith 2 x 1750 nL of nethyl ene chloride. PCIAISI6/109578
conbi ned organic layers were dried and concéftrated. The residue was
chromat ogr aphed on silica. Gadient elution with hexane: EtOAc (5:1 to 1:1)

gave a QUL affde":%bﬁlf%r? !v&s%?%%gﬁ%z 2 1780 hﬁ%ftrﬁerﬁglgig"gélﬁﬁ%%ﬁ%éj' 5

[err] To a so ion O r oxy-sugar

chloride was adgefhbird @@ﬁhh_%yers wefe Sfledband coidentratedxl The residue was
di al l'yi di | sopropyl phosphoram dite (182 nml.). After 1/2 hour, 10 the

m xture was pourcbronatographed op silicad Grasieot elution Wit hexane: EtQAw (5t 0 Girh) gave
a quantitative yield of 287 g of a yellow to off-white solid.

ene

]

O
o ¥
CHyO ’» 1) (CHz=CHCHORPNIPT ¢, 0 ~\© .-°'§
Ho" ** NHTroc - /I';I.
. * NHTroc

2) Oxone® (A0}, 0PO™

Q

] ocHs

To a solution of the hydroxy-sugar in 2 L of methylene chloride was added tetrazoie
.(155.6 g), foliowed by diallyldiisopropyiphosphoramidite (182 mL).. After 1/2 hour,
10 the mixture was poured onto an ice cold mixture of Oxone® (potassium
peroxymonosulfate) (455.6 g ), water (1 25 L) and THF (2.5L). After 15 minutes,
this mixture was poured onto cold 10% aqgueous sodium thiosulfate. After 15
minutes, the mixture was extracted with 2 L of methylene chioride. The organic
layer was separated, the aqueous layer re-extracted with methylene chloride and
15 the combined organic layers dried and the solvent removed under vacuum. The
residue was chromatographed on silica. Gradient slution with hexane/ethyl

acetate (6:1 to 2:1) gave 205.7 g of pale yeliow syrup.



per oxynonosul fate) (455.6 g ), water (1.25 L) and THF (2.5 L). After 15
m*nut es, this mxture was poured onto cold 10% aqueous sodi um
thiosulfate. After 15 m nutes, the mxture was extracted with 2 L of
nmet hyl ene chl oride. The organic | ayer was separated, the aqueous

| ayer re- extracwsﬁgiéh met hyl ene chloride and 15 the conbi ned organic

| ayers dried an 9| vent renoved under vacuum The r BGT: 0348
chromat ogr aphed on silica. Gadient elution4dith hexane/ et hyl acetate

(6:1 to 2:1) gave 205.7 g of pale yellow syrup. WO 96/ 39411
PCT/ US96/ 09578 41 [err]

To a solution of 48% é’gydroflmic acid, 4Q4 Pagcet onitril e,
1.2 Lina

Tefl on (cont ai‘ner lution gf the sugar, 138.8
g, in nethyl ene WAPSPRUSY” BNH®O0 . The ni xt ur SAWBROPSY i WF edB¥Fer ni ght ,
diluted with water, 3 L,%and extracted with nmethylefe chloride, 2.4 L
The organic | ayer was waghed with aqueous sodi um bi cgf bonat e sol uti on,
dried and the solvent was).j ved under reduced "press r.chSThe resi due
was chromat ogr aphed on silica. G adient elution (hexahe: et hyl acetate
2:1to 1:1), followed by elution with a gradient of nethypene

To a solution of 48% aqueous hydrofiuoric acid, 400 mL, in acetonitrile, 1.2L ina

Teflon container was added a solution of the sugar, 138.8 g, in methylene chioride,
5 500 mlL. The mixture was stirred overnight, diluted with water, 3 L, and extracted

with methylene chiloride, 2.4 L. The organic layer was washed with aqueous

sodium bicarbonate solution; dried:and the solvent was removed under reduced

pressure. The residue was chromatographed on silica. Gradient elution

(hexane:ethyl acetate 2:1 to 1:1), followed by elution with a gradient of methylene

10 chloride: methanol {19:1 to 9:1) gave 129.2 g as a waxy gum.

MsCl
TEA

NVWOMS

To a ice cold solution of 450 g of 1-decanol in 685 mL of triethylamine and 1125

15 mL of methylene chioride was added 330 mL of mesyl chioride. The cooling bath
was removed after 1 1/2 hour and the éolvent removed under reduced pressure.
To the residue was adci_ed 25 L of 1 M aqueous hydrochloric acid. This mixture
was extracted 3 x 2 L of methylene chloride. The organic layers were combined,
dried and the solvent removed under reduceéd pressure. The residue was

20 chromatographed on silica. Elution with 1:1 hexane : ethyl acetate gave 651 g of
product.



10 chloride: methanol (19:1 to 9:1) gave 129. 2 g as a waxy gum [err]
Fo a ice cold solution of 450 g of 1l-decanol in 685 nL of triethylam ne and
1125 15 nlL of nethylene chloride was added 330 nL of nesyl chloride. The

cooling bath was removed after 1 1/2 hour and the solvent renoved
uhder reduced pressure. To the residue was added 2.5 L of 1 Ma u%&us
hydrochl ori c acV@9AMiL i xture was extpacted 3 x 2 L of P& ’Pﬁ?ﬁg@

chl oride. The organic | ayers were conbined, dried and the sol vent
renoved under reduced pressure. The resi due was 20 chr omat ogr aphed on

silica. Elution with 1:1 hexane : ethyl acetate gave 651 g of product .
WD 96/ 39411 AN PCI/ U 9W78
42 [err] o o "\”fo a suspensi on o? 60 %050 hydri de m neral
oi | dispersion i#s L of JTHF and —S—He—n-l_—-o-ﬁ'-Dl\/F'WAs dygkosg! Ution of
the al cohol in 2 HO ‘WAcoGfad 1 L oNaH 5 *

To a suspension of 60 % sodium hydride mineral oil dispersion in 1 L of THF and
5 470 mL of DMF was added a solution of the alcohol in 280 mL of DMF and 1 L of
THF over 1 hour. The mesylate, 470 g, was then added over 15 minutes. After 2
days, 400 mL of methanol was added, followed by 4 kg of ice and 4 L of water.
This mixture was extracted with-2 x 4 L of ethyl acetate. The combined organic
layers were dried and the solvent was removed under reduced pressure. The
10 residue was chrorﬁatographed on silica. Gradient elution with hexane:EtOAc (39:1

to 2:1) gave 618 g.

' o\
SN\ HOAc HO 3
%,D * NHCOCF, ** NHCOCF,

15 A solution of the sugar, 520 g, in 5.2 L of glacial acetic acid and 1.3 L of water was

stirred overnight. It was poured onto 7.5 L of water and filtered. The filtrate was



THF over 1 hour. The mesyl ate, 470 g, was then added over 15 m nutes. After

2-.  days, 400 nmL of nethanol was added, followed by 4 kg of ice and 4 L
of water. This m xture was extracted with 2 x 4 L of ethyl acetate. The
cQnbi ned organic | ayers were dried and the solvent was renoved under

‘reduced pressurﬁ, The 10 residue was chromatographed on silica. G adient
elution with he¥27¥3W¥bac (39:1 to 2:1) gave 618 g. 96/09:

15 A solution of the sugar, 520 g, in 5.2 #3f glacial acetic acid and 1.3
L of water was stirred overnight. It was poured onto 7.5 L of water and

filtered. The fi
PCT/ US96/ 09578 &ﬁeﬁaﬁfa%?ropzc distillation mt%lﬁ@ﬁé”&f‘)@ 500 mlzt) under md&‘rcl d gr%ssure to

azeotropi c distigivegb®g.with toluene (3 x 500 nL) under reduced pressure to
gi ve 458 g. [err]

INN\A” 1) _rm

(o] . o]
HO 3 £ ‘»
/i'J HO (o} &
Ho* ** NHGOCF. — . N
COCF HO" *NH,
o

2) KOH

This reaction was run under argon. To a suspension of potassium t-butoxide, 295
g, in DMSO, 1 L, was:added a solution of 340 g of the sugar in 1.5 L of DMSO. The
mixture was heated to 85 °C for 1 1/4 hour and 1.4 L of 3 M aqueous potassium
hydroxide was added and the mixture stirred overnight at 85 °C. The mixture was

10 cooled to room temperature and poured onto a mixture of 3.5 L of brine and 3.5 L of
water. The mixture was extracted three times with methylene chioride, the mixture
dried and the solvent was removed under reduced pressure. The residue was
chromatographed on silica. gradient elution with methylene chloride : methanol (
19:1 to 4:1) gave 740 g of product. | '

15



5 This reaction was run under argon. To a suspension of potassium

t *but oxi de, 295 g, in DMSO, 1 L, was added a solution of 340 g of the
sugar in 1.5 L of DVMBO. The m xture was heated to 85 [err]C for 1/4
haur and 1.4 L of 3 M aqueous potassium hydr oxi de was added and t he

m xture stirred overnight at 85 [err]C. The mixture was 10 cooled to room
tenperature and ¥8&®MUIbnto a nixture of 3.5 L of brine and 3. BCI/US96/09578
water. The m xture was extracted three tine44with net hyl ene chloride, the

m xture dried and the solvent was renoved under reduced pressure. The
resi due was chromat ogr aphed on sjyjica. gradient elution with nethylene
chl ori de nethanol ( to 4: I}h)/l]\g’,;a:ve 740 g of product. 15

9:1
WO 96/ 39411 o © J} F o SeEN9578
44 . | , _NH [err]
Ho" * N, HO™ “
Ph
b

A solution of the aminosugar, 740 g, in benzophenone imine, 338 g, was heated at
45 °C ovemight. The mixture was chromatographed on silica and eluted with a

5 gradient of hexane/ethyl acetate (39:1 to 1/1) to give 371 g of a pale yellow solid.

Ho N 0N "7 TBDMSCI mo,\r:j“‘?
HO* S/m Ho™ r '.}H‘

To a solution of the diol sugar, 366 g, in 1.3 L of DMF was added imidazole, 118 g,
10 followed by t-butyldimethyisiiyl chloride, 117 g. After 5 minutes, the mixture was
poured onto 1.4 L of aqueous saturated sodium bicarbonate. The mixture was
extracted with ethyl acetate three times. The organic layers were combined, the
solvent was removed under reduced pressure and the residue chromatographed
on silica. Gr_adient slution with hexane/ethyl acetate (49:1 to 4:1) gave 446 g of a

15 syrup.



A_sol ution of the am nosugar, 740 g, in benzophenone imne, 338 g, was

hdat ed at 45 [err] C overnight. The m xture was chronmat ographed on
silica and eluted with a 5 gradient of hexane/ethyl acetate (39:1 to 1/1)
ta give 371 g of a pale yellow solid. [err] To a
solution of the_diagl sugar, 366 g, in 1.3 L of DWW was added im dazole, 118
g, 10 fo||omﬂg€§’3?“-‘buty| dimethylsilyl chloride, 117 g. AftFCHUSROMVES,
the m xture was poured onto 1.4 L of aa eous saturated sodi um

bi carbonate. The m xture was extracted with ethyl acetate three tines.
The organic | ayers were conbi ned, the sol vent was renoved under
reduced pressure and the dg-agi due chronmat ographed .on si pga. G adi ent

elution with he By aget at eﬂ(Q@thO 4:1) gavso ‘of 15 syrup.
WD 96/ 39411 o™ - Aog)o QNGI 09578
45 T N~m  2)alyiaicohol N

Ph M

AOCO = \/Y°
o]

To a solution of the alcohol, 437 g, in toluene, 3 L, was added pyridine, 225 mL and
5 the solution cooled 'in an ice bath. Phosgene, 531 mL of a 1.9 M solution in toluene
was added and the solution stirred for 10 minutes. Allyl alcohol, 469 mL, was
added. After 40 minutes, saturated aqueous sodium bicarbonate solution, 2.3 L,
was added and the mixture extracted with ethyl acetate. The organic layer was
separated, dried and the solvent was removed under reduced pressure. The
10 residue was chromatographed on silica. Gradient elution with hexane/ethyi

acetate (49:1 to 4:1) gave 441 g of yeliow syrup.

e ’\C:jo«? HOAc/H,O mﬁo N
AcCo™ . : Aoco™ " NH,
| :?,Fh .

15 To a solution of the sugar, 431 g, in THF, 200 mL, was added glacial acetic acid,

330 mL, and water, 110 mL. The mixture was stirred for three hours, cooled in ice



[err] _ To a solution of the alcohol, 437 g, in toluene, 3 L,
was added pyridine, 225 nL and 5 the solution cooled in an ice bath.
"Phosgene, 531 nL of a 1.9 Msolution in toluene was added and the
'sQlution stirred for 10 m nutes. Allyl alcohol, 469 nL, was added.
After 40 m nutes, saturated aqueous sodi um bi carbonate solution, 2.3 L
was added and t PROMAMY ¢ extracted with ethyl acetate. The or EGRUSIGONTS,
was separated, dried and the sol vent renoved under reduced
pressure. The 10 residue was chromat ographed on silica. Gadient elution
\[Meﬁ P] hexane/ et hyhnd 6.6 L 3f ¢ M aguédiid sbdiufn Aydrbxie Wasktitied. TheMfixureina¥" up-
extracted with methylene chioride, 2 x 2 L. The combined organic layers were -

dried and the solvent was removed under reduced pressure. The residue was
chromatographed on silica. Gradient elution with methylene chioride:methanol

5 (19:1 to 4:1) gave the amine, 309 g as a syrup.

o~ O Y EDC o~ O )
Q s)

CH3(CH2)19COCH,COoH

¢]

To a ice cold solution of the amino sugar, 308 g, in 3 L of methylene chioride was
10 added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC), 435 g,

followed in 10 minutes by the carboxylic acid, 275 g. After 10 minutes, the mixture

was extracted with saturated aqueous sodium bicarbonate. The organic Iayer was

separated, the aqueous layer re-extracted with methylene chioride, the combined

organic layers dried and the solvent was removed under reduced pressure. The
15 residue was chromatographed on silica. Gradient elution (hexane:ethyl acetate

19:1 to 3:1) gave 338 g of pale yellow syrup.



15 To a solution of the sugar, 431 g, in THF, 200 nL, was added gl aci al

abetic acid, 330 nL, and water, 110 nL. The m xture was stirred for
three hours, cooled in ice WO 96/ 39411

PCT/ US96/ 09578 46 and 6.6 L
-of 1 M aqueous sodi um hydroxi de was added.. The m xture was extract ed

with nethyl ene PVRI%PMIL 2 x 2 L. The conbined organic | ayers EEHEs96/09578
dried and the solvent was renoved under red#ited pressure. The residue was
chromat ographed on silica. Gadient elution with nethylene
chloride:nmethanol 5 (19:1 to 4:1) gave the amne, 309 g as j»syrup.

a

[err] Jopa:mce cold solggion of the , 309 g, in

3 L of methyl en@senlyride wAs 10_added _ L]

1- (13- di net hyl am ngpt. ¥ne- €t hyl carbodi i m de hydr oC AT | (NBDC), 435 g,
followed in 10 m nutesgby carboxylic acid, 275 g. Aft 1~Ri nutes, the
m xture was extracted with saturated aqueous sodi um byca ghate. The
organi c | ayer was S ated, the aqueous | ayer re-exyragted with

met hyl ene chl oride, the cnbi ned

To a solution of 48% aqueous hydrofluoric acid, 11 mlL, in acetonitrile 293 mL, was
5 added 4.6 g of silica ge!, foliowed by a solution of the sugar, 146.7 g, in methylene
chloride, 147 mL. After one half hour, the mixture was diluted with water, 975 mL, i
and extracted with methylene chloride. The organic layer was separated and the
aqueous layer re-extracted with methylene chloride. The combined organic layers
were washed with aqueous sodium bicarbonate solution, dried and the solvent
10 was removed under reduced pressure. The residue was chromatographed on
silica. Gradient elution (hexane:ethyi acetate 5:1 to 0:1) gave 110.4 g of an off-

white waxy solid.



organic | ayers dried and the solvent was renoved under reduced pressure.
The 15 residue was chromatographed on silica. Gadient elution

(hexane: et hyl acetate 19:1 to 3:1) gave 338 g of pale yellow syrup.
WD 96/ 39411 PCT/ US96/ 09578
47 [err To a solution of 48% aqueous

“hydrof | uoric achﬂ”ﬂ“ﬂt, in acetonitrile 293 n, was 5 addedP@IESI§/ORTS
silica gel, followed by a solution of the sd’ﬁar, 146.7 g, in methylene
chloride, 147 nmL After one half hour, the m xture was diluted with water,

975 i, and extracted with nethylene chloride. The orgamc | ayer was
separated and the aqueous | ayer re-extracted with rretohﬂd%ne chl ori de.
The conbined or ganj o wer gogeRed with g 0. £odit bi car bonat e

solution, dried an he| sof vent -40—was—+emeved under| reduced pressure.
The resi due was eiyoporat’ Oy adpimee on  KOHsi | i ca. (Agpieabeny” eNdldcon
(hexane: ethyl acetate 5: b to 0:1) gave 110.4 g of an of R-

"OCH, ) .'°°H3

To a solution of the sugar, 128 g, in 500 g of trichloroacetonitrile was added
potassium carbonate, 240'g. The mixture was stirred for one half hour and filtered

5 through diatoméceous earth. The filter cake was washed with methylene chioride
and the filtrates combined and the solvent was removed under reduced pressure.
The residue was chromatographed on silica. Gradient elution (hexane:e;hyl

acetate 1:1 to 0:1) gave 145.7 g of a yellow gum.



whi te waxy solid. WD 96/ 39411

PET/ US96/ 09578 48 [err] -
Te a solution of the sugar, 129 g, in 500 g of trichloroacetonitrile was
added pot assi um carbonate, 240 g. The m xture was stirred for one half
thour and filtered 5 through di atonmaceous earth. The filter cake was washed
wi th met hyl ene YR%RMIL and the filtrates conbined and t hePGHVSIERISTHas
renoved under reduced pressure. The rest®ue was chronat ographed on
silica. Gadient elution (hexane:ethyl acetate 1:1 to 0:1) gave 145.7 ¢
of a yellow gum v VO 96/ 39411 :
PCT/ US96/ 09578 1 o ,9"\7
o cCly HO
&0 Aoco™” "NH
(AHyI0),0P0"" " NHTroc o
+ o]
-|°cH3
AgOTt
00 \
(NMO)ZOP:E.J,NHTROC )l\)l\,
cu,(cH,)sWo OW(CHelsGHa
CHO

The left sugar, 145.7 g, and of the right sugar, 109.2 g, were azetropically dried by
evaporating toluene (3 x 200 mL). A solution of the two sugars in 750 mL of

5 methylene chioride was added to an ice cold solution of silver triflate, 62.7 g in 130
mt. of methylene chloride. The mixture was warmed to room temperature and
stirred overnight. The mixture was poured onto a mixture of saturated aqueous
sodium bicarbonate and sodium thiosulfate solution. The organic tayer was
separated and the aqueous layer washed with methylene chloride. The combined

10  organic layers were dried and the solvent was removed under reduced pressure.

The residue was chromatographed twice on silica. Gradient elution with

hexane:ethyl acetate (5:1 to 1:1) gave 189.56 g of a sticky foam.



49 [err] The left sugar, 145.7 g, and of the
rt.ght sugar, 109.2 g, were azetropically dried by evaporating tol uene
(3 x 200 nL). A solution of the two sugars in 750 nmL of 5 nethylene
~chloride was added to an ice cold solution of silver triflate, 62.7 g in
130 mL of nethxlene chloride. The m xture was warnmed to room

tenperature and WO%%RM r oq overnight. The nixture was poured BRT/YS/09578
m xture of saturated aqueous sodi um bi 8r bonat e and sodi um t hi osul fate
solution. The organic |layer was separated and t he aqueous | ayer washed
wi th net hyl ene chloride. The conbi ned 10 gnic layers were dried and the
sol vent was renoved und roed 6 The reS| due was
chr omat ographed tw c8sdn ca Gradl e t hexane: et hyl
acetate (5:1 to 1:dopers®
CHa(GHz)s\/\,o OW {CH,)¢CH,
cHy0
l Zn / HOAc
(MMO)zON ’\r\ ’“\/u\’
c”s(CHz)s\/\,O 0\/\/“’”2’6"”3
CHO

To a solution of the disaccharide, 188.7 g, in THF, 590 mL, was added zinc dust,
457.6 g, followed by glacial acetic acid, 395 mL. After one half hour, the mixture
5 was filtered through diatomaceous earth and the filter cake washed with THF. The
' organic layers were combined and the solvent was removed under réduced
pressure. The residue was dried azeotropically by distilled benzene from the

residue (4 x 250 mL) to give 223.1 g of a pink gum.



WD .96/ 39411

P&T/ US96/ 09578 50
[err] To a solution of the disaccharide, 188.7 g, in THF, 590
m., was added zi nc dust, 457.6 g, followed by glacial acetic acid, 395
m:. After one half hour, the mxture 5 was filtered through di atonmaceous
earth and the WO®9%take washed with THF. The organi c | RFEASHRNEE
conbi ned and the sol vent was renoved under $tduced pressure. The
residue was dried azeotropically by distilled benzene fromthe resi due
(4 x 250 nL) to give 223.1 g of a pink gum WO 96/ 39411
PCT/ US96/ 09578 o L0 od V51
CH,O \E j o o©
(Wo)zo:o\I'INHa AOICO" a, E)UK/C“
CHy(CHls_~_.© O~ (CH2)sCHy
o
+*

o

c,)l\/\/\/\/\/‘\/\/\/

CHO o o

. L] ] L) . C
(AIy10),0PO"™ *NH AOCD" ;|: NHlk)k/ 14

CH,(CHalg _~_ O o O~ (CHzleCH,
CH,

O

To a solution of the sugar, 223.1 g, in 1.3 L of THF was added a solution of sodium
bicarbonate, 37.5 g, in 250 mL of water. cis-11-Octadecenoyi chioride, 67.4 g, was
5 added. After 10 minutes, the mixture was extracted twice with ethyl acetate. The
combined organic layers were dried and the soivent was removed under reduced
pressure. The residue was chromatographed on silica. Gradient elution with

hexane:ethyl acetate (2:1 to 0:1) gave 160.2 g of pale yellow wax.



[err] To a solution of the sugar, 223.1 g, in 1.3 L of
THF was added a sol ution of sodium’ bi carbonate, 37.5 9, in 250 nL of
wat er. cis-11-Cctadecenoyl chloride, 67.4 g, was 5 added. After 10

m putes, the mxture was extracted twice with ethyl acetate. The

conbi ned organic Iaéers were dried and the solvent was renoved under

r educed pre 94tfhe resi due was chronmat ographed on sil i cBCT/U$96@PaHt
elution with hexane: ethyl acetate (2:1 t% 0:1) gave 160.2 g of pale
yel | ow wax. WO 96/ 39411
PCT/ US96/ 09578 = D2
o
CH,0 R S o o HF
(Alyi0),0P0"" Y ' NH aoco™ "’Nnk)k/c"
CH(CHals s ~-0 O~ (CH2)sCH,

OH

0 o [}
CH0 c o0
. 2, ot o C
w!yloko:o‘\‘L‘I NH AOCO NHUI\/ "
cH3(°"2)G \/\/ o] o o\/\/ (GHI)GCHS

CH,0

A solution of the sugar, 161.3 g, in methylene chloride, 215 mL, in a Teflon bottle
was added to a solution of 48% hydrofluoric acid, 150 mL, in acetoﬁitrile, 474 mL.

5 After four hours, the mixture was poured onto 500 mL of water. The mixture was
extracted twice with methylene chioride. The combined organic layers were
washed with aqueous saturated sodium bicarbonate, dried and the solvent was
removed under reduced pressure. The residue was chromatographed on silica.
Gradient elution (methylene chioride: ethyi acetate:methanol 500:500:20 to

10 500:500:160) gave a yellow waxy gum.



[err] A solution of the sugar, 161.3 g, in nethylene
chForide, 215 nL, in a Teflon bottle was added to a solution of 48%
hydrofluoric acid, 150 nL, in acetonitrile, 474 nmL. 5 After four hours,
the mxture was poured onto 500 nL of water. The m xture was extracted
‘twice with nmethyl ene chloride. The conbi ned organic |ayers were was hed
with aqueous sat#%#1sodi um bi carbonate, dried and the sol veRET/HEL09ST8
renoved under reduced pressure. The residue S%as chromat ographed on silica.
Gradient elution (nethylene chloride: ethyl acetate:nmethanol 500:500:20 to
10 500:500: 160) gave a yel | ow waxy,gum o ou WO 96/39411
PCT/ US96/ 09578 Wq{ 0530

aoco™

‘r NH‘“\/IK/GM

O\ (CHaCHs

1 Phosphorylation

OPO(ONa),
ﬁ‘l{‘o 03 o 0

Aoco.\‘ ‘v N Hj\)k/cu

O~ (CHa)eCHy
The sugar, 719 mg, was dissoived in methylene chloride and sodium sulfate
(1.4 g) was added. Diallyldiiospropylphosphoramidite (189 pl) and tetrazole (162

mg) were added, the mixture stirred for 10 minutes and then cooled to -78 °C. A

5 solution of m-chioroperoxybenzoic acid (192 mg) in methylene chioride (4 mL) was
added dropwise. "I'he mixture was washed with agueous sodium thiosulfate and
with aqueous sodium bicarbonats, dried (sodium sulfate) and the solvent removed

under reduced pressure. The residue was chromatographed to give 660 mg.



[err] The sugar, 719 ngy, was di ssolved in nethyl ene
chioride and sodi um sul fate (1.4 g) was added.

Di al | yi di i ospropyl phosphoram dite (189 [err]L) and tetrazole (162 ny)
were added, the m xture stirred for 10 m nutes and then cooled to -78
[err]C. A 5 solution of mchl oroperoxybenzoic acid (192 ng) in nethyl ene
chloride (4 mL) WR8689%411 5dded dropwi se. The nixture was washedPGIUS6%8%T8 ous

sodi um t hi osul fate and wi t h aqueous sodi®m bi carbonate, dried (sodi um
sul fate) and the sol vent renoved under reduced pressure. The residue
was chromat ographed to give Q604nT;q o. ~OoPORNa96/ 39411
PCT/ US96/ 09578 CH;0 ‘ MM [err]
oL0P0" N NH  Aoco" N (CHaCHy
CHy(CHalg_~_-0 o O~ (CH)CH,
CHO

CHO 0 »° O OPONate,
PA[P(Phs), PHOROPO™ NP HOM N PN O
——————— H
CH3(CHals _~_-O O - (CHa)eCH,
PhSIH o °
Compound 1
(sodium sait)

To a solution of tetrakis(triphenylphosphine)palladium (6) (166 mg) in 2 mL
of tetrahydrofuran: acetic acid (10:1) mixture was added a solution of intermediate
Z (660 mg) in 3 mL of the same solvent mixture. After 30 minutes, additional
5 tetrakis(triphenyiphosphine)pailadium (0) was added. After an additional 1 1/2
hours, toluene was added and the solvent removed ﬁnder reduced pressure. The
mixture was purified by chromatography on diethylaminoethyiceilulose. The

purified mixture was dissolved in 0.1 N aqueous sodium hydroxide, filtered through

a 0.45 p sterile filter and purified by HPLC on a YMC-Pack ODS-AP column to give

i0 130 mg of compound 1.

Analytical data for compound 1 made by the methods described above is given

below:

Compound 1: 'HNMR (CD,OD) &: 5.3 (1H, m}, 4.6 (1, m), 4.0 (m, m), 3.9 (1H, d),
15 3.7 (1H, 1), 3.6 (1H, 1), 3.4 (3H, s), 3.3 (8H, 1), 2.6 (2H, 1), 2.3 (2H, m), 2.0 (2H, m), 1.7
- 1.2 (m, m), 0.9 (6H, t).



To_a sol ution of tetrakis(triphenyl phosphine)palladium(0) (1 66 ng) in 2
m_* of tetrahydrofuran: acetic acid (110: 1) mxture was added a
solution of internediate Z (660 nmg) in 3 nL of the sane sol vent

m xture. After 30 mnutes, additional s

tetrakis(tri phenxl E@?Sghl ne) pal I adi um (0) was added. After an additi onal

11/ 2 hour¥ ne was added and the solvent renoved urRfSUS&EWIRJ
pressure. The m xture was purified byS8&8hronat ography on
di et hyl am noet hyl cel | ul ose. The purified m xture was dissolved in 0.1
N aqueous sodi um hydr oxi filtered through a 0.45 [err] sterile
filter and purified by Hﬁ% a(%ﬂv%ma%ﬁ-&ag-gﬂl:’ colum to give 10 130 ng
of conpound 1. Anal ytical data for conpound 1 rmade by the nethods
descri bed above is given bel ow: Conpound 1: [err]H NWR
(CO err] OD) [erg%%%i%%ﬁ% 4.0 (m m, 3.9 (1H d), 15
3.7 (1H, t) 3.6 , : . S), 3. H t), 2.6 (2H, t), 2.3 (21-1,
m, 2.0 (2H m, 1.7 - 1.2 (m m, 0.9 (6H t). WO
96/ 39411 5 eparation of Co nd 1 'PCT/ US96/ 09578 .
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E le 1: Int fiate B

To a suspension of intermediate A (15 g), prepared by the method of Christ,
et al., European patent application 92308057.5, in CH2Cl2 (150 mL) and 48%
10 HBF4 (29.2 g), cooled via ice-bath, was added TMSCHN2 (165 mL as a 2M
solution in hexane). The mixture was stirred until the reaction was almost complete
by TLC and then methanol (20 mL) was added followed by acetic acid (10 mL).
Aqueous sodium bicarbonate was added and the mixture extracted with methyiene
chloride. The mixture was dried (sodium sulfate) and the soivent removed under

15 reduced pressure. Chromatography of the residue gave B, 14.9 g;

ample 2: Intermediat
To a cold (O °C) solution of B (14.9 g) in methylene chloride (100 mL) was
slowly added diisobutylaluminum hydride (140 mL as a 1M solution in hexanes)
20 until reaction was complete as determined by TLC. The reaction was quenched by
the addition of aqueous 1N hydrochloric acid (100 mL) followed by conc.
hydrochloric acid (50 mL). The layers were allowed to sepafate and the aqueous
layer was re-extracted with CH2Clo . The combined organic layers were then
washed with brine, dried over sodium sulfate and concentrated under reduced
25 pressure. After purification by silica chromatography, 12.06 g of intermediate C

was obtained.



[err]P NMR (CD{err]CD) [err]: 4.71, 3.98. Preparation of Conmpound 1

by‘ Route 2 5 Preparati on of Conpound 1
Exanple 1: Internediate B To a suspension of internediate A (15
g), prepared by the method of Christ, et al., European patent

application 92309057.5, in CHerr]C[err] (150 nL) and 48% 10 HBFWr
(29.2 g), cool ed¥OPEBML_path, was added TVMSCHN err] (165 nl a¥CHUSIH09S78
solution in hexane). The mixture was stirre®until the reaction was al nost

conpl ete by TLC and then nethanol (20 nlL) was added foll owed by
acetic acid (10 nmL). Aqueous sodi um bi car bonate was added and the

m xture extracted with nethyl ene chloride. The m xture was dried
(sodi um sul fate) andgf egpvied under 15 reduced pressure.

e 7% 84

Chr omat ogr aphy of t hé i B, Exanpl e 2:

5 4.9 g.
Intermediate C To a solytioh%ofT P1U.64 Pn[rﬁ‘éth!ﬂ@he Shiorbe (40 Hﬁ.? Wab k@id8d9) 1N
nmet hyl ene chloride (100 nL) was Sl oWy added diisobutylal um num
hydride (140 nl tagthfarind E18.78 mb)) p-tokiseaiditsiyl cilBride!(11.86 gEasd | on was
conpl ete as det erm’?l‘ed by(;'('?LC. Tr}e reacti on was quen(c]thed g§ t he

addi ti on of aquelimethifiniinopyoidined680 nig)i Thelr@Bultihg shspensioncvasyaliowse. to stir
hydrochloric acid (50 m.). The layers were allowed to separate and the
aqueous | amptit reaation was complste ds wetdmiDidddoy TIC thanr Juenthed viavimterwork-
organic layers were then washed with brine, dried over sodiumsulfate
and concent r at edipusithemetinirnecchloride extrastion;r Aftenpurification by silica chyamsiogsaphyc a

chr omat ogr aphy, 12.06 of internediate C - was obt ai ned.
18.7 g of D was obtained.

10 Example 4: Intermediate E
“To a solution of D (18.7 g) in 200 mi of acetone was added sodium iodide
(24.6 g). The mixture heated at reflux for 1 1/2 hours, the soivent removed under
reduced pressure and the residue partitioned between water and hexane. The
organic layer was separated, driéd (sodium sulfate) and the solvent removed.

15 Chromatography (silica) gave 15.4 g of E as a colorless liquid.

ample 5; Intermediate F
This compound was prepared by the meth~1 of Christ. et al., European
Patent Application 92309057.5.

20
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Exanple 3: Internediate D To a solution of C (10.64 g) in

met hyl ene chloride (40 nL) was added triethylamne (15.75 nli),

p-tol uenesul fonyl chloride (11.86 g) and 5 dinethylam nopyridi ne (690
my). The resul tM’%ﬂensi on was allowed to stir until PEREISPHSTas
conpl ete as determ ned by TLC then quenched ¥ia water work- up with

met hyl ene chloride extraction. After purification by silica chromatography,

18.7 g of D was Obtail%@ﬂpl%ﬁ._%%%_dﬁsga”p'e 4: Internediate E

To a solution of D ( g of acetone was added sodi um i odi de
(24.6 g). The m xtur eTdasbitlombf 18:6/g.0f ifermadia Mand 15.4 ¢ of intérvediate En@ved
under reduced pressure and the residue partitioned between water and
hexane. The hexanpawmas added-23.9gof silpar adidaianditheadixfire defluxed dvemight. e
the solvent renoved. 15 Chromatography (silica) gave 15.4 g of E as a

col orl ess |i qui dmixture was cooled, filtee@cdthpiughdiatomaseousipanth, the solvent removed and

Thi s corrpound was prepared by the nmethod of Christ. et al., European
Pat ent Appl i cat i the residue Ghromatographed (silica) to give intermediate G {21 g) as a colorless
syrup.
Example 7: intermediate H

To a cold (0 °C) solution of interrnediate G (21 g) in methyiene chloride was
10 added dropwise 3.5 mL of 48% tetrafiuoroboric acid. After 5 minutes, the mixture
was washed with aqueous sodium bicarbonate solution and with brine. The
mixture was concentrated under reduced pressure and chromatographed (silica) to

give intermediate H, 18.7 g, as a colorless syrup.

15 mple 8: | jate |
Toa sdlution of intermediate H (17.6 g) in neat methyl iodide {105 mL) was
added silver oxide (83 g). The mixture was stirred overnight and then diluted with
hexane and filtered through diatomaceous earth. The mixture was concentrated
under reduced pressure and the residue dissoived in methylene chloride (40 mL).
20 The mixture was cooled to 0 °C and to it was added imidazole (2.44 g) and t-
but.}'Idimethylsilyl chioride (4.7 mL). It was stirred overnight and 150 mL of sodium
bicarbonate solution was added. The organic layer was dried (sodium sulfate) and

chromatographed (silica) to give intermediate I, 10.5 g, as a colorless syrup.
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Exanple 6: Internediate G . To a solution of 18.6 g of
internediate F and 15.4 g of intermediate E in hexane was added 23.9
g of silver oxide and the m xture refluxed overnight. The m xt ure was

cool ed, filteranobdmeaugh di at omaceous earth, the solvent renoVEHVEHPISS
the residue chronatographed (silica) to givé8intermediate G (2 g) as a

col orl ess syrup. _ Exanple 7: Internediate H
To a cold-(O[err]C | ut i on LN diate G (21 g) in methylene chloride
was 10 added drop etrafl uoroboric acid. After 5

m nutes, the m xt . Ee \ ' i
T g b S i

solution and with bri was concent’rat ed under reduced

pressure and Chrma&%@g@ﬁdpkwbhﬁ.%ﬂidgg ('{.4%&/)?6“6%6@%%1&(63? af. %)

as a colorless syrup nt ermedi at e

a sol ution of iiﬁg@ ir8\Wiasttdoletl SncPstirted 18E20 i/ AistgpstBidnléimeta) was

added silver oxide (83 g). The mxture was stirred overnight and then

diluted withs chlorbserorfbetizdict adid (242! minidlPingS0 sl adfonethyiene chiaritd wastazided
m xture was concentrated under reduced pressure and the residue

di ssol ved i n netdvet ¢Baninbiesnhiie thd Gempsaraturd of thereaction wasmaindained below o 0
[err]C and to it was added im dazole (2.44 g) and t-
but yl di net hyl si 1-80 °Ehl Sedidwm Kicarbonate solutionarassaddedeandytheraroanie iaven separatad,
of sodium dried (sodium sulfate) and the solvent removed under reduced pressure.
Chromatography (silica) gave 14 g of a coloriess syrup of intermediate J.
10
Example 10; Intermediate K
To a suspension of 39.5 g of di{thiophenyl)tin (prepared by the method of
Christ, et al., European patent application 92309057.5) in 235 mL of methylene
chioride was added thiophenol (12 mL). To this mixture was added triethylamine
15  dropwise over 15 minutes. A portion (150 mL) of this “tin reagent” mixture was
added dropwise over 15 minutes tb a solution of intermediate J (12.9 g) in 25 mL of
methylene chioride. The remainder of the “ tin reagent” was added over 30 minutes
to drive the reaction to completion. The mixture was diluted with ethyl acetate and
washed with aqueous 1 N sodium hydroxide and with brine. The organic layer was
20 drigd (sodium sulfate), the solvent removed and the residue chromatographed to

give 11.1 g of a yellow syrup, intermediate K.

To a coid solution of intermediate K (11.1 g) and pyridine (7.1 mL) in 80 mL
25 of methylene chloride was added trichloroethyl chloroformate (2.9 mL) and the

mixture was stirred overnight. Aqueous sodium bicarbonate solution was added,



bi carbonat e sol uti on was added. The organic |ayer was dried (sodium

sul fate) and chromat ographed (silica) to give internediate I, 10.5 g,
as a colorless syrup. WO 96/ 39411
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Exanple 9: Intermediate J Internediate I was dissolved in 100
mL of met hyl ene W&¥#de to which as added PCT/US96/09578

di al Iyl di i sopropyl phosphoram dite (7.4 nl.), &®llowed by tetrazole (6.37 Q).
The m xture was cooled and stirred for 20 m nutes. A suspension of nmeta- 5

added " over EoRRNaE" he Breiniedfiscedhn Srala\ 3 e sBlp(igtithes
it 8l ned Dl 0oy ron i bBRGIE: CHIGAIBGRASH/IRATE Sug@.u{a 168 A

and the organic Payer separ
sol vent renoved gaﬂﬁ; shiuced pressure. Chr omat ogr aphy (5| i ca) gave
14 g of a colorléss syrup of internediate J. 10 Exanpl e 10:

I nternediate K To a suspension of 39.5 g of di(thiophenyl)tin
(prepared by the method of Christ, et al., European patent
application 92309057. Example 425 intbmeddiateNpy | ene chl oride was added

t hi ophenol (12 nmL). To this m xture was added triethylamne 15 dropw se
over 15 m nutes. A pointeonedidtad., 12)960d, wds disédiver inansthylehe whioride e Todhis
added dropwi se over 15 mnutes to a solution of internediate J (12.9 g) in
25 nL of netixturecwas atities a @M sphionahhiydwgen ditotide: in' a¢etonitiie)and thenas
added over 30 m nutes to drive the reaction to conpletion. The

m xture was di | ufmguig gtiresk fay # hoves: oAauenus sodium bicarbonate solution was added the

organic layer separated, dried (sodium sulfats) and the solvent removed under

10 reduced pressure. Chromatography gave 10.9 g of an amber syrup, intermediate

M.

Exampie 13: Intermediate N
To a solution of intermediate M (9.5 g) in 50 mi. of trichlororacetonitrile was
15 = added potassium carbonate (15 g) and the mixture stirred for 10 minutes. The
mixture was filtered through diatomaceous earth and the solvent removed under
reduced pressure. Chromatography gave 14.5 g, intermediate N which was used

at once in Exampie 19.

20 xample 14: Intermediate

To a solution of intermediate F (160 g) in hexane (475 mL) and iododecane
(474 mL) was added silver oxide (723 g). The mixture was heated at 70 °C in the
dark for 2 hours and filtered through diatomaceous earth. The solution was
concentrated under reduced pressure and the residue chromatographed to give

25 221 g of intermediate O as a colorless oil.



washed with aqueous 1 N sodium hydroxide and with brine. The organic |ayer
was 20 dried (sodiumsulfate), the solvent renoved and the residue
chromat ographed to give 11.1 g of a yellow syrup, internediate K
Exanple 11: Internediate L To a cold solution of internediate
K (11.1 g) and pyridine (7.1 nmL) in 80 nL 25 of nethylene chloride was
added trichl or oXNM9H3%M| or of ormate (2.9 nL) and the mi XPCR/US960S78
stirred overnight. Aqueous sodi um bi carbonaf® sol uti on was added,

WD 96/ 39411

PCT/ US96/ 09578 5 Inte : 59 t he
organi c | ayer was separ a¥ e!d E!rl eg ESOAI um sul fate) and the sol vent renoved

under reduced pressurraaﬁluquareﬁaéwamm g} BrreRyieha chloridé (Qcﬁnm)aﬁd
l'i ght yel | ow sol i d. Exanmpl e 12: Internedi ate

Internedi ate L, gtétdmitriie. (Qm@ﬁL)Waswuaed sommtdmaemaqaédwhmge“ﬁdwohus (9 mb)
m xt ure was added a 6 Msolution of hydrogen fluoride in acetonitrile and

t he m xt urie asetonitrilel (8bmL) Tibe mixtursowe stirrexbidr Gontinutas land 360 nlobfut i on
was added the organi c | ayer separated, dried (sodiumsulfate) and the
sol vent renp\ed agueous sgﬁumrmmtpmaﬂded Theanixtuse wasiextrgeted with. 9 g of
an anber syrup, internediate
methylene chloride. The orgamc layer was dried {sodium sulfate), the solvent
removed under reduced pressure and the residue chromatographed to yield 30 g

of intermediate P as a yéllow oil.

10 Example 16 Infermediate Q
To a cold (O °C) solution of intermediate P (30 g) and imidazole (10.2 g) in
methylene chioride (500 mL) was added t-butyldimethylsilyl chloride (10,85 g).
The mixture was stirred for 1 1/2 hours and then poured onto 400 mL of saturated
aqueous ammonium chioride. The organic layer was separated, dried (sodium
15 sulfate), the solvent removed under reduced pressure and the residue

chromatographed to give 34.5 g of intermediate Q as a colorless syrup.

Example 17: intermediate R
To a cold {O °C) solution of intermediate Q {32.2 g) and pyridine (184. mL) in
20 toluene (213 mL) was added a 1.94 M solution of phosgene in toluene. After 20
minutes, allyl aicohol (31 mL) was added and the mixture stirred for 30 minutes.
Aqueous sodium bicarbonate was added, the organic layer separated, dried
(sodium sulfate) and the solvent removed under reduced pressure.
Chromatography gave 36.9 g of intermediate R as a colorless syrup.

25



Exarrple 13: Internediate N To a solution of internediate M (9.5
g)*in 50 nL of trichlororacetonitrile was 15 added potassium carbonate
(15 g) and the mxture stirred for 10 m nutes. The m xture was
filtered through di atomaceous earth and the sol vent renoved under

reduced pressure. Chronmat ography gave 14.5 g, internediate N which was used
at once i n ExanPlOd6p4il Exanpl e 14: Internediate O PCT/US96/49578
To a sol ution of |nterrred| ate F (160 g) in hekane (475 nlL) and i ododecane
(474 nmL) was added silver oxide (723 g). The m xture was heated at 70
[err]Cin the d er i filtered through di at omaceous
earth. The sol ution was “concentrated under reduced pressure and the

resi due chromat ogr aphgg atsphitionef 22omL2t Usgs aauediiserfyaﬁsbeatfmoad@m 48 ff)l 6F | ess
oil . WO 96/ 39411

PCT/ US96/ 09578  acetonitrile was added a solution of intermediate R (20 g) irbfiethylene chioride (24
Exanpl e 15: Internediate P To a solution of Internmediate O (30

g) in nethyl ene oill)anddhe hEktura jtiresttiovemight. sAquenustsodium bizarhobpateesolatithewias
sol uti on of 48%a ueous hydrogen fluoride (9 n) in acetonitrile (81
m.). The nixt&r eadded,stherorganicdayeg Gepamatad-andidded Godium sulfatelantdiheceivent
sodi um bi car bonate was, added. The m xture was extracted w th .

met hyl ene chl or i SRIMOvEfURAelfRfUCad Rressyias Ciirpmatogiaphyurielded f40:0f inlefmediate S
sol vent renmoved , u der reduced pressure and the residue

chr omat ogr aphed £8 3FUTIESSEYHP-

Exampte 19: Intermediate T

10 intermediate S (8.97 g) and intermediate N (14.5 g) were dissolved in
toluene (20 mL) and the mixture dried by azeotropic removal of the solvent. This
procedure was repeated three times. The dried mixture was dissolved in 50 mL of
methylene chioride which was slowly added to a solution of silver triflate (5.8 g) in
50 mL of methylene chioride. The mixture was stirred for 10 minutes and 250 mL of

15 aqueous sodium bicarbonate solution and 250 mL of 10 % aqueous sodium
thiosulfate wés added. The organic layer was separated, dried (sodium sulfate)
and the solvent removed under reduced pressure. Chromatography gave 13 g of

intermediate T as a pale yellow syrup.

20 Exampie 20: intermediate U
| Té a solution of intermediate T in methylene chioride (10 mL) was siowly
added tin(ll)tfis—benzenethioiate triethylamine complex (12 mL of a 0.5 M solution
in methylene chloride). After 10 minutes, an additional equivalent of tin reagent
was added. After an additional 15 minutes, an additional equivalent was added.
25 After 15 minutes, ethyl acetate (250 mL) was added and the mixture extracted with

1 N aqueous sodium hydroxide solution (250 mL). 'f'he mixture was dried (sodium



of |nterrred|atePasayeIIow0|I 10 Exampl e 16: Internmediate Q
To-a cold (O[err]C) solution of intermediate P (30 g) and im dazole (10.2
g) in nmet hyl ene chl oride (500 nL) was added t-butyl di methyl silyl

ch] oride (10,85 Q). The mi xture was stirred for 1 1/2 hours and then
poured onto 400 nL of saturated aqueous ammoni um chl ori de. The
‘organic |ayer WYO%@Mlated, dried (sodium 15 sulfate), the RIVUSIEPISTS
renmoved under reduced pressure and the resi®8ue chromat ographed to
'give 34.5 g of internediate Q as a colorl ess syrup. Exanpl e

17: Internedi at§,te) and concemrata'@uﬁdé‘r%guééa ﬁr@éédr@ ﬁméﬁb'@é’s &dded and the

I nternmedi ate Q32.2°g) and pyridi ne . totuene (213 nL) was

added a 1.94 M soNeht réiowdd mmeu rprésshmbegwé\ﬁheﬂ which was usea heShext
allyl alcohol (31 nL) was added and the m xture stirred for 30 m nutes.

Agueous sodi um trarsstoration eithoat farhiechburifioetion. gani ¢ | ayer separated, dried
(sodi um sul fate) and the solvent renoved under reduced pressure.

Chr omat ogr aphy gave 36.9 g of internmediate R as a colorless syrup. 25
WD 96/ 39411 :
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Exanpl e 18: Internedi ate a solution of 2.4 nL of 48%
aqueous hydr ogen fl lm# e@o'ﬁ“ (QQC)TEolyﬂon Of Intefmedlate U (2 mmol) in methy‘ene chloride

(5 mL) was added 3-ketotetradecanoic acid (997 mg) , prepared by the method of

Christ, et al., European patent application 92309057.5, followed by 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.5 g) and the mixture
10  stirred for approximately 30 minutes. The mixture was diluted with methylene
chioride (150'mL), washed with 1 N aqueous sodiﬁm hydroxide, dried (sodium
sulfate) and the solvent removed under reduced pressure. Chromatography on

silica followed by chromatography on basic alumina gave 1.64 g of intermediate V.

15 Example 22: Intermediate W
A solution of intermediate V (1.45 g) in glacial acetic acid (5 mL) was added

to a suspension of well stirred zinc copper couple (14 g) in acetic acid (10 mL).
The mixture was stirred for 15 minutes and additional zinc/copper couple (10 g)
was added. After an additional 15 minutes, the mixture was filtered through

20 diatomaceous earth which was then washed with ethyl acetate. The combined
washings were diluted with toluene and the solvent removed under reduced
pressure. The residue was chromatographed on a bilayered mixture of basic
alumina and silica to give intermediate W which was used without further
purification. .

25



acetonitrile was added a solution of internediate R (20 g) in nethyl ene

cid oride (24 - nmL) and the m xture stirred overni ght. Agueous sodi um
bi carbonate solution was 5 added, the organic | ayer separated and dried
. (sodium sul fate) and the sol vent - renoved under reduced pressure.

- Chr omat ogr aphy yielded 11 g of internediate S as a colorless syrup.
Exanpl e 19: Intépr?éﬁ?ﬂfe T 10 Internediate S (8.97 g) aPET/US969578
intermediate N (14.5 g) were dissolved in 63 toluene (20 nL) and the
m xture dried by azeotropic renoval of the solvent. This procedure

was repeated three tegiple B% Itbingstidisdt ur e was di ssolved in 50 nL of

nmet hyl ene chl ori de was slowy added to a solution of silver triflate
(5.8 g) in 50 Alsoiftion®sf intbremeiiate W (.02 mniblp antl xisvatcenis asid (S7B@nd)or
10 minutes and 250 nL of 15 aqueous sodi um bi carbonate sol ution and 250
m. of -10 % aquewas disstived in toluend {6 mi)tHre¢ mea anddbe solvéhtremoyeadivadényer
was separated, dried (sodium sulfate) and the solvent renoved under
reduced pressur eeduced presstee.aphe djed sesidugywas dissolved iimmethyeneachioritien(S mL)
pal e yel |l ow syrup. 20 _Exanple 20: Internmediate U | To a
sol uti on of Bnt apdddiSdimethylaminopraaybrizethwicarhogiimideobydrpchiarde (780 ma) was
added tin(ll)tris-benzenethiolate tr.iet h%l am ne co_gmtex glz nL of a 0.5 M
sol uti on AAdeRARY the midyestirgd for \hews. Themixture was diutedqyvith meHylene

equi val ent of ti

an additi onal e&ﬁﬁﬁggﬁat%m%‘aaﬁiegd ggm*@&%@%%&@*%@%&%&&‘ t.es,
(356 1) 3 Sy B S (ARl ot W

10 e 24: 1 diate Y

To a solution of intermediate X (785 mg) in methylene chloride (10 mL) was
added a solution of 48% aqueous hydrogen fluoride in acetonitrile (15 mL). The
mixture was stir;'ed for 90 minutes, diluted with methylene chloride {50 mL),
washed with water, and with aqueous sodium bicarbonate solution. The mixture

15 was dried (sodium sulfate) and chromatographed to give intermediate Y, 719 mg.

E : edia
Intermediate Y (719 mg) was dissolved in methylene chloride and sodium

sulfate (1.4 g) was added. Diallyldiiospropylphosphoramidite (189 uL) and

20 tetrazole (162 mg) were added, the mixture stirred for 10 minutes and then cooled
to -78 °C. A solution of m-chioroperoxybenzoic acid (192 mg) in methylene
chioride (4 mL) was added dropwise. The mixture was washed with aqueous
sodium thiosulfate and with aqueous sodium bicarbonate, dried (sodium sulfate)
and the soivent removed under reduced pressure. The residue was

25 chromatographed to give 660 mg of intermediate Z.
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and concentrated under reduced pressure. Toluene was added and the

solvent renoved under reduced pressure to give an oil which was used in the
next transformati on wi thout further purification. 5 Exanpl e
21: | nternedi at SVQ96/39411 To a cooled (O [err]C) sol uti on PSE/USIE09578
intermediate U (2 mmol) in nmethylene chlori dé4 (5 nL) was added
3-ketotetradecanoic acid (997 ng) , prepared by the method of Chri st
et al., European pate £9057.5, followed by 1-(3-

di met hyl am nopr opyl ) - yi carbodi I mde hydrochloride (1.5 g) and the

mxture 10 stirred frfara Qﬂﬂﬁ&%fﬁtr&k'y(t%éﬁxm%@&\méibﬂidﬁdﬁ 'em)e(mesn |h Qtrﬁd

wi th et hyl ene chl oride (150 niL ed with 1 N agueous so
hydroxi de, dried dfqewahydrofuran: aeeticfaﬁcehoandm'kﬂﬁe wab \¢dtéd acspiution dﬂhﬁ@tﬁnednate

reduced pressure. Chronatography on silica followed by chromat ography

on basi ¢ al uni na Z)¢880 rhgfit Imbfof thet seme dolaéret nvixture. LAfter 30 miritigsypuditiaaal

I nternediate W A solution of internediate V (1.45 g) in glacial
acetic acid (% nu)atrahs(tﬁptwwlphosphine)pauadmm (@nsasadddd. WAftér arn additehat itrt/2
copper couple (14 g) in acetic acid (10 niL). The m xture was stirred
for 15 minutes arhPussidpiuenewasadded ebgthe seivent rempved ynder reducqumawed The
After an additional 15 mnutes, the mxture was filtered through

di at omaceous ear tRIXE dypsRiiiief by cheamateoraphy on;disthylamirostiay! ceﬂHE’séorﬁﬂened

washi ngs were dil u uri gd%l&tﬁret \(i)vlaic.J %Lpsso_ﬁreg in B Oalq\l{ISglFIs soéwm%?/dlrjorgcgfe ﬁ{tereﬁctﬁr%ugh
a 0.45 y steriie filter and purified by HPLC on a YMC-Pack ODS-AP cotumn to give

10 130 mg of compound 1.

Analytical data for some of the compounds and intermediates made by the

methods described above is given below:

Compound 1: 'H NMR (CD,0D) &: 5.3 (1H, m), 4.6 (1, m), 4.0 ( m, m), 3.9 (1H, d),
15 3.7 (1H, 1), 3.6 (1H, 1), 3.4 (3H, s), 3.3 (3H, 1), 2.6 (2H, 1), 2.3 (2H, m), 2.0 (2H, m), 1.7
- 1.2 (m, m), 0.9 (6H, t).
P NMR (CD,0OD) &:4.71,3.98.

Compound 1: (M + Na)* = 1333
Compound 2: (M + 3 Na)* = 1363
Compound 3: (M + 3 Na)* = 1365
25 Compound 5 : (M + Na)* = 1303
Compound 6: (M + Na)* = 1359
Compound 7: (M + Na)* = 1305
Compound 8: (M + 3 Na)* = 1393
Compound 10: (M + Na)* = 1425_

20

30



pressure. The residue was chromat ographed on a bilayered m xture of basic
alumna and silica to give internmediate Wwhich was used wi thout further

purification. 25 WO 96/ 39411
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Exanple 23: Internediate X - A solution of internediate W(1.02
mmol ) and cis- vHOAMI aci d (575 np) was di ssol ved in toPGEHESO8ST] )

three tines and the solvent renoved under 6% reduced pressure. The dried
resi due was dissolved in nethylene chloride (3 nL) 5 and

added and the m JRBTGSdete;ic ) NUIEE JREEY STt S 26 f i dﬁmfeﬁ 165t 3.7
e G R, TR PR 5L AT o g

an additional 58¢ srmq)obg’@gﬁz |@u02§dgﬂ Exanpl e 24: Interrredl ate Y
To a solution of internedia I n nmethylene chloride (10 nL) was

added a sol uti onlmmwaqu&wwm rﬁf‘ﬂiﬁ)(d tH), Ammﬂﬂhlaii(dcbﬂ'ﬂ)le ) .
The m xture was stirred tes, diluted with net

chloride (50 $i){dd1H), 3.7{myHdh 3«§ @H"Mi a7 (s, 3k %&WB‘&;&%Q 1§Bd¥§r“’“ 2H), 1.68

o car borat ol b, 18 Tt S5 reaan g, B G G5 AP 02
Iintermediate I: 'H NMR (CDCl,) 5:4,52 (d,1H), 4.05 (m,2H), 3.75 (m,1H), 3.67
(t,1H), 3.5 (t,1H), 3.45 (s,3H), 3.35 (s,3H), 3.25 (t,1H), 3.05 (t,1H), 1.8 (m,2H), 1.65
(m,1H), 1.5 (m,1H), 1.3 (broad s,m), 0.95 (s,9H), 0.9 (t,3H), 0.2 (s,6H)

10 Intermediate J:*H NMR (CDCl,) &: 5.95 (m,2H), 5.35 (d,1H), 5.22 (d,1H), 4.6
(9.2H), 4.5 (d,1H), 4.32 (q,1H), 3.9-3.75 (m,3H), 3.7 (dd,1H), 3.65 (dd,1H), 3.45
(m,1H), 3.38 (s,3H), 3.33 (s,3H), 3.27 {t,1H), 3.2 (t,1H), 1.9-1.75 (m,3H), 1.5 (m,1H),
1.3 {broad m,multiple), 0.95 (s,9H), 0.9 {t,3H), 0.2 (s,6H)

Intermediate L: '*H NMR (CDC!,) 8:5.95 (d,1H), 5.4 (d,2H), 5.25 Z(d,2H), 4.95

15 (d,1H), 4.7 (q.2H), 4.55 (g.2H), 4.32 (q,1H), 3.9-3.75 (m,3H), 3.7 (dd,1H), 3.65
(dd,1H), 3.55 (m,1H), 3.4 (m,1H), 3.4 (s,3H), 3.3 (s,3H), 3.25 (m,1H), 1.75
{m,multiple), 1.5-1.4 (m,2H), 1.3 (broad s,multipie), 0.95-0.9 (broad 5.12H), 0.2
(d,6H)

Intermediate M: 'H NMR (CDCL,) &: 5.95 (m,2H), 5.75 (d,1H), 5.4 (d,1H), 5.25

20  (d,2H), 4.75-4.65 (dd,2H), 4.6 (q,1H), 4.3 (q,1H), 4.1 (m,2H), 3.9 (m,2H), 3.65
(m,1H), 3.4 (s,3H), 3.25 (s,3H), 1.75 (broad m,2H), 1.55-1.4 (m,2H), 1.3 (broad
s,muitiple), 0.9 (t,3H) |
Intermediate O; 'H NMR (CDCI,) &: 4.5 (d,1H), 3.8 (dd,1H), 3.78 (m,2H), 3.6
(rh,multiple). 3.2 (m,2H), 1.5 (s,3H), 1.4 (s,3H), 1.3 (broad s, muttiple}, 0.95 (s,9H),

25 0.9 (t,3H), 0.18 (d,6H) |
Intermediate P: '"H NMR (CDCL) 8:4.5 (d,1H), 3.75 (dd,2H), 3.6 (9.2H), 3.5 (t,1H),
3.3 (m,1H), 3.2 (t,1H), 3.0 (t, 1H), 1.6 (m,2H), 1.25 (broad s,mutiple), 0.95 (s,9H), 0.9
(t,3H), 0.18 (d,6H)



Exanpl e 25: Internediate Z Internediate Y (719 ng) was

disssol ved in nmethyl ene chloride and sodi um sulfate (1.4 g) was added.
Di al | yl di i ospropyl phosphorami dite (189 [err]L) and 20 tetrazole (162 np)
were added, the mixture stirred for 10 mnutes and then cool ed to -78

[err]C. A sol ution of mchl oroperoxybenzoic acid (192 ng) in nethyl ene
chloride (4 ni) We%2%#ded dropwi se. The mixture was washed w tWﬂéi?é’B’l?gs
sodi umthi osul fate and with agueous sodi um tf%&ar bonate, dried (sodi um

sul fate) and the sol vent renoved under reduced pressure. The residue

08 gao, Chromat RRGARRRRe & WINIRORDCT &'a.5 M ALTSB2ALEHY 3.7 (m2H), 3.6 ¢, 1H]D

PCT/ US96/ 09578 3.3 {m,1H), 3.2 (t,1H), 3.05 (q,2H), 1.6 (m,2H), 1.3 (broad s,muitfple), 0.95 (s,9H),
Exanpl e 26: Oorrpou( ) (L1H) (3,2) futl())n o# tidple), ( )

tetrakis(tri phenglaﬁr(s;sm; me5|(iaGH)ad.|2L(d;6!-I).)001ﬁ6ng) in 2 n

?EEE?%S{SI?&” nfernachas ot VMR SGHES 15 Yﬁéﬁgddmgﬁ%tg%%w)téﬁ 30
adoed After &n Qﬁ%ﬂ AR IS QTR RO R der Bl

sol vent renoved gAEqf,1HEAWE @SH)! £.25 (&, Paultiglé), 095(s gn),masr(m VE%) R\ (sierpdo by
chromat ogr aphy on di et hyl am noet hyl cel | ul ose. purified m xt ure

was di ssol ved i n{s®H) N aqueous sodi um hydr oxi de f il tered through
045 Lerr] ster! | cobbdehsh 209 ne! B B 1R, £ 808 Ak s (g™
(d,2H), 4.52 (d,1H), 3.7 (m,multipie), 3.65-3.6 (dd,2H), 3.55 (g,1H), 3.4 (m,1H), 3.28

10 (t,1H), 3.2 (t,1H), 1.5 (t,2H), 1.3 (s, multiple), 0.9 (s,9H), 0.85 (t,3H), 0.2 (s,6H)
intermediate T: '"H NMR (CDCIl,) 3: 5.9 (m,3H), 5.6 (d,1H), 5.4-5.2 (m,6H), 4.8
(d,1H), 4.7-4.6 (m,2H), 4.55 (q,1H), 4.5 (d,1H), 4.3 q,1H), 3.8-3.7 (m,multiple), 3.6
(dd, 1H), 3.5.(m,multiple), 3.35 (s,3H), 3.2 (s,3H), 3.15 {t.1H), 1.7 (m,2H), 1.5
(m,2H), 1.3 (s,multiple), 0.95 {t,6H), 0.2 (t,6H) '

15 Intermediate V: 'H NMR (CDCL) 8:7.3 (d,1H), 5.95 (m,3H), 5.6 (d,1H), 5.4-5.2
(m,6H), 4.95 {d,1H), 4.8 (d,1H), 4.7-4.5 (m,muitiple)4.3 (q,1H), 3.9-3.65 (m,muiltipie),
3.6 (m,multiple), 3.45 (t,1H), 3.4 (t3H), 3.35 (s,2H), 3.28 (3H), 2.5 (12H), 1.8
(m,2H), 1.6 (m,2H), 1.45 (m,2H), 1.3 (broad s,multipie), 0.95-0.8 {m,18H), 0.15
(d,6H)

20 Intermediate X: '"H NMR (CDCL) 8:7.3 (d,1H), 5.95 (m,4H), 5.4-5.2 (m,8H), 4.95
(d,1H), 4.8 (d,1H), 4.7 (1,1H), 4.6 (d,1H), 4.55 (q,1H), 4.3 (q,1H), 4.1 {1,1H), 3.9
(g.1H), 3.8 (t,1H), 3.7-3.5 (m,multipie), 3.45 (t,1H), 3.35 (s,3H), 3.3 (s,2H), 3.28
(s,3H), 2.5 (t,2H), 2.2 {t,1H), 2 (d,1H), 1.7 (q,2H), 1.6 (m,2H), 1.3 (s,multiple), 0.95-
0.8 (m,21), 0.15 (d,6H)

25 Intermediate Y: '"H NMR (CDCl,) 8: 6.65 (d, 1H), 6.55 (d,1H), 5.905 (m,5H), 5.7
(m,1H), 5.4-5.2 (m,12H). 4.8 (m,2H), 4.8 (d,1H), 4.5 (m,10H), 4.3 (q,1H), 4.1 (m,1H),
3.85-3.45 (m,multiple), 3.4 (s,3H), 3.35 {s,3H), 3.25 (s,3H), 3.2 (t,1H), 2.5 (dd,2H),
2.2 (t,2H), 2 (m,mutiple), 1.7-1.2 (m,mutiple), 0.9 {t,12H).



Anal ytical data for sonme of the conpounds and internedi ates nmade by the
met hods descri bed above is given bel ow Compound 1: [err]H NMWR
(Cerr]j]OD) [err]: 5.3 (1H, m, 4.6 (1, m, 4.0 ( m m, 3.9 (1H d), 15
3.7 (1H t), 3.6 (1H t), 3.4 (3H s), 3.3 (3H, t), 2.6 (2H, t), 2.3 (2H,
m, 2.0 (2H m, 1.7 -1.2 (m m, 0.9 (6H, t).

[err] P NVR (CO[WPSfRH}l [err]: 4.71, 3.98. Conpound 1: (NRCT/WEIPBTS] =
1333 20 Conpound 2: (M+ 3 Na)[err] = $363 Compound 3: (M + 3
Na)[err] = 1365 25 Conpound 5: (M+ Na)[err] = 1303 Compound 6: (M
+ Na)[err] = 1359 Compound 7: (M + Na)[err] = 1305 30 Conmpound
8 (M+ 3 Na)[err] = 1393 Compound 10: (M + Na)[err] = 1425

WD 96/ 39411
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Internmediate G [err]H NVR (CDCl[err]) BISLOGICAL EXAMPLESO-3.7 (m
multiple), 3.65 (t, 1 H), 3.37 (s,3H), 32 (m2H), 1.75 (q, 2H), 1.52
(s,3H, 1.4 (s,3H), 1.3 (broad mmnultiple), 0.95 (s,9H), 0.9 (t, 3H),

(a1 -0 % m 2y, PEERARAEES dha baphal ibhfi plibihbdn qfiffos ngores
(1, 1H . 3.37 (s tabbr (TFIBILEB, 16, ari 105 44 wikths oihe? cliokiph.and cifuler mediators

(m1lH, 1.5 (m1H), 1.3 (broad mmultiple), 0.95 (s,9H), 0.9 (t,3H), 0.2
(d, 6H) | nt dn Asaiaatwhale bjaadrgnd invFhyreCniasreghrgpsell Jlinas.s Separatioh of 4. 05

3 o8 (1 petloenysiglooical quartticd St theds ayldianagities beer hpnd i biavisn, m 11
-3 (broad s, M ymBodantparPiPthe thittatioh-of e sybtémicinfiihmatory response syndrome and

10 septic shock. The liposaccharide analogs described herein inhibit such LPS-

and/or lipid A-mediated induction of cytokines as demonstrated by the following

experiments.

15 Whole human bicod was prepared and tested as described (Rose et al.
(1995) Infection and Immunity, 63 833-839). HL-60 cells were cuitured in RPMI
medium supplemented with 10% fetal calf serum and antibiotics, and induced to
diffarenﬁate into macrophages by treatment with 0.1 pM 1,25-
dihydroxycholecalciferol {Vitamin D3; Biomol Research Laboratories, Plymouth

20  Meeting, PA.), and tested for LPS mediated generation of IL-8. Briefly, bacterial
LPS (i.e., from E. coli 0111:B4; Sigma Chemicals, St. Louis, MO) at 10 ng/mL or
lipid A {Daiichi Chemicals, Tokyo, Japan) were added as 10-fold concentrated
solutions in Ca**, Mg“_free Hank’s balanced salt solution (CMF-HBSS; Gibco). In
experiments involving analogs of the present invention, the analog was added

25 immediately before addition of LPS or lipid A in CMF-HBSS (e.g., between 0 and
100 uM as a 10x concentrated aliquot). Following incubation of three hours,
plasma was prepared from whole biood, or culture supematant was removed and

- assayed for the presence of the indicated cytokine using an ELISA assay kit from



10 Internediate J: [err]H NIVR(CDCI[err]) [err]:

) r 5.95 (m2H), 5.35
(d; 1H), 5.22 (d,1H), 4.6 (q,2H), 4.5 (d,1H), 4.32 (q,1H), 3.9-3.75
(m3H), 3.7 (dd, 1H), 3.65 (dd, 1H), 3.45 (m1lH), 3.38 (s,3H), 3.33
(s.3H), 3.27 (t,1H), 3.2 (t,1H), 1.9-1.75 (m3H), 1.5 (m1H), 1.3
(broad mnultiple), 095(5 9H), 0.9 (t,3H), 0.2 (s, 6H) I nt er nedi at e
L: [err]H NMR ( ) [err]:5.95 (d,1H), 5.4 (d, 2H), 5.25 PCHUSG09578 o5
15 (d,1H), 4.7 (q,2H), 4.55 (q,2H), 4.32 (qal H, 3.9-3.75 (m3H), 3.7
(dd, 1H), 3.65 (dd,1H), 3.55 (m1H), 3.4 (m1H, 3.4 (s,3H, 3.3
(s,3H), 325 (m 1@enz%m3'~‘_(0ambndgé rMA)deIIbWin@)the hsﬁuétucﬂms(dﬂtt?é‘%anﬁfaﬁtdré\* AawWever,
s,multiple), 0.95-0 (broad s, 1 (d, 6H) | nt er medi ate M

[err] H NMR (CDCl [y offjer standard ELm I@itq may be iild( Expeyimentswens, padormad ir6

20 (d,2H), 4.75- dd, 2 4.6 1 4.3 (q,1H), 4.1 2H), 3.9
(m2H), 3.65 tﬂpfleﬂﬁeﬁ(h)' r&'e% (q3;|)5(s,3l-|§,q 1H)75(brog<rjan)2H)

1.55-1.4 (m2 1.3 L LAl t
O [err]H RJ]NRF% CDCI [ eﬁf J 8‘?& ppalgog “'[EEB ‘%'EDW%'"QQ?%#@?&@ %T'?"I: %ﬁb"ﬂg‘gl 6
(() mgg“'( tsl 8:_{)9) 525%{0[8 Ql&d xﬂﬁbﬁoﬁ&rﬁ&lon-ﬁgﬂ{?ﬁd‘en@ H)ann%lt' 29? ng‘(fjél)gghé s l@[ﬂig?'r f:-le?\INR
(CDCl[err]) [err pofnpbuhd muas fokinddo pdabnéls) theamﬁst(ejtemﬂ)a canpoyrdsl Ahe results of
8_ S 5( En s 150 H) , 3-029%:["8 test a(q agpp}éwé‘:—rgglgygp @;Hgompound 1 mhtglts yﬁgg@gght I gductlon of

ntermediate o (8 PRPRUROARGDS! spproximaiy 15 oM, Pitey ansjogs fopfidsg kg
(m 2H), 3.6 (t, lidps-induced TﬂF rémaﬁawn&ud"edéo dP, %nfdéuam com| o:ﬁr’iﬂ ZH)
3 (broad s, multiple), 0.95 (s,9H), 8 (s,9H), 0.85 (t,3 .

(d o), 0.1 gdzgﬁpr(;\go;nd 5| corapownt a,tcmrﬁpoqndm cbmityeng mrpmuqd)s [andir | : %%
, 5,4-5. 4. t.1 . . 5
E(T, 1t|)|), 3.7 (d, 26 ?“'E%’Pq I—ﬁs(e “3"'@%""{’@?%#5“?5%‘? %%%weé}”g%‘é%%’égm
t,1H, 1.5 (t,2H, 1
(s o1, 0 07 ") {Gompotina Teibo Mrbtedrienidd inliier S 2y HO 6 (humen
9 (m1H) ,micrépﬁ'ag%ﬂlkéji gelly) Inhibitioh dﬂlL—Slﬁenefhtlﬁn was complete at

[err]:5.
concentrations of 1 nM and greater Compound 1 when either LPS or lipid A was -
15 used as agonist.

Compounds of this invention similarly inhibited the LPS-induced production
of other cytokines in human whole blood, even though some of these cytokines
were generated several hours after addition of LPS. For instance, IL-18 and IL-6
requires four or more hours for maximum levels to be reached, while IL-B reaches

20 maximum ievels ten or more hours after LPS addition. Using methods described
above, compounds of this invention were added at a concentrations between 0 and
10 uM and LPS was added at 10 ng/mL. Inhibition of production of TNF, IL-1B, IL-
6, and IL.-8 was measured as a function of time after addition of LPS. This inhibition
of cytokine generation was also found to be concentration dependent, but in all

25 cases, suppression of all cytokine synthesis was >90 % at compound 1

concentrations of 10 nM and more for up to 24 hours after addition of LPS.



(d,2H), 4.52 (d,1H), 3.7 (mnultiple), 3.65-3.6 (dd,2H), 3.55 (q,1H), 3.4
(m1H), 3.28 10 (t,1 H, 3.2 (t,1H), 1.5 (t,2H), 1.3 (s, nultiple), 0.9
(s,9H), 0.85 (t,3H), 0.2 (s, 6H) Intermediate T: [err]H NWR
.(CDCI4[$rL]25 [err2] ?1 (5r5n3H) 5.6 (d51Hé| 15 4- Z g (m16H), g.g (d, 1
(H)m’ mul tipl e (m“;;%’”m gld T)Hj, 3, 5((m ?m i pl e?i 3.Hé’5 (é,éa)vzfr@szﬁwm
(s,3H),315(t 1H), 17(m2H) 1.5 (M2H), 1.3 (s,nultiple), 0.95
(t,6H), 0.2 (t,6H) 15 Interrredl ate V. [err]H NI\/R (CDCI[err]) [err]:7.3
d,l y 595 :,.‘ D.IY > 3 jq 8 umal B ogA;A. d,l y 4 8
Ed,lllz?), 4.7-4(5 mul t 1 Ie)43( 39365(mrm|t| ple), (d. 17
(mmltiple), 3.45 (tAlthe)xgh some(qQ tmppmaows(@ftmsl)mvemga a(aanpt rapidly (amcane)ﬂ
(m1sry, 0 15 fror they bats, tieftackiio: imighee v A HaLRe | BhsBlifse lnjorder 1
[err]:7.3 (d, 1H) mapndR ic Rffitz y,zth{s id ivation may r do
(d, 14, 4.7 (t, 17 $ dpagtiystion, may yeapire copfiptious
Eg %::D') g 5238(5‘- 1eh!im|(r|;?lstr§tl_||)8n 5;'hgls?]tdytzdlfi)lﬁ|n§)2:le%&2vtﬁﬁgxﬁ haél&dtofihéﬂe\(dcﬁh&nt of- agl
1.6 (m2H), 1.3 gssayibmeassye inviths deactivatiop. tﬁd(ugl_sizai’m un'éanmh l_gi’b z&?s |sH)
I nt diate Y: H NVR CDCl, 6.55 (d,
ang%:(?rlnl)a) H)e 5 e y pre:Qqu%pﬁ(ng Hﬁ A ngb ‘H‘F'Jféﬂﬁ‘ blgoé??rrﬂ%pbas ::gn%és( 9[1 tl;{:\&
(53t 355 (s, gpfwed Bl adhiioniqPtie, (B chaengs 42 esdibel BoBle, inBlisRjog Tof

(9 %/ :2))504112 ( m nut fhpdehourd, dnd agsdyfonieldasd eytoRins( 1A sohiginatic for this assay is sHown

PCT/ US96/ 09578 in Flgure 2,

ol icit production of VeI gesaye foan be deriy %Esrahcﬁm{‘ﬂsa?f“ %ie' fndc B s
IL-B |1 le Hﬁ?éhélm
bl ooda:m\él\el n gs h@trrée}g Urr%ﬁ%h%%%n ﬂéld;saé ngeregt f?%s:esoﬁctivw Wil e

pat hophysi ol ogi cef prgingabation)s Asfshbivadr Figure 8| sempoarid Daiso deavtivatés) bat ity an
i nportant part in the initiation of the systemc inflammtory re Eonse

syndrone and 10 Surssior activityand Wﬂ*ﬁd@é&%ﬂd@eﬁﬂfﬁg&%é@b’ﬂ
L1 S ot e o i LA ko el s

denonstrat ed
. experiments run in triplicate.

LPS-induced TNF or IL-6 production was inhibited by compounds of the

20 present invention in whole blood or macrophages isolated from guinea pigs, rats
and mice. Hartley-White guinea pig (Eim Hill Breeders, Chelmsford, MA) and
C57BL/6 mouse (Jackson L.abs, Bar Harbor, ME) macrophages were isolated from
the abdomen of primed animals. Priming was accomplished by intraperitoneal
injection of 2 mg of Bacillus caimette guerin(BCG; RIBI immunochemical Research,

25 Inc., Hamiiton, MT)I at a concentration of 10 mg/mL in physiological saline for mice
and 2 r;ug of BCG at a concentration of 2 mg/7 mL in mineral oil for guinea pigs.
Three days post-injection, peﬁtoneal macrophages were isolated from the

abdomen of the animals by standard techniques. Celis were allowed to adhere to



experinents. Exanmple A: In Vitro Inhibition of LPS-Induced
Production of Cytokines 15 Whol e hunman bl ood was prepared and tested
as described (Rose et al. (1995) Infection and Immunity, 63 833-839).
"HL-60 cells were cultured in RPM medi um suppl enented with 10% f et al
calf serum and antibiotics, and induced to differentiate into

macr ophages by tW@&6MM with 0.1 [err]M 1, 25- PCT/US96/09578

di hydroxychol ecal ciferol (Vitani n D3; Bi onol7®Research Laboratori es,
Plymouth 20 Meeting, PA.), and tested for LPS nedi ated generation of IL-8.

Briefly, bacteri ' . | WP . S hcal s,
St. Loﬁi s, MO a?b lﬁe#égt%{m%&?\ho?othréél @‘FGJE Rn? dlrleg#}‘ tgﬁdc‘gpgﬁp@%
Japan) were addeghediiurd @ohfairing PO% g8l 8dlPserum andSOPS (firld Bondentratien 61 10 ng/mL)
My[err] free Hank's bal anced salt solution (CMF-HBSS;, G bco). In

experi ment s i nvowasregided asalgsciitied: dbover dodaest inhibition, compaduneds ah this ipvention (at
added 25 i medi ately before addition of LPS or lipid A in CVF- HBSS (Q._gt. ,
between 0 and @ congentratiop|of/bgtveen hand 40Q u) were added ta the culture medipmgus:

i ncubation of _th . | r rred. fr.om w 0 [
cul ture superhat B0 BEEES ergten BiSARe e GRR iepiaThiig, Sedfio, fpuse
i ndi cat ed cyt oki gRd &t TNF ffvelsldnd/oras-8auvets veld 888ayed by ELISA, orWtﬂ@@%@i{é
PCT/ US9/ 09578 ' 68 nZzynme
(Canbridge, MA) bivassay desdrbed iméympbokioes2:285; 188 InfanTNEcsieased fromvguinea pig
any other standard ELISA kits may be utilized. Experinents were perfornmed
in tripli c acrophagess 1'"_ fguee peritoneal macrophages, Copirgurd JRrpvged effective

i nhi bited LPS-i : ' i dei Q. .
concont r at i on- dentiant (K 18R or B35 2B 20 for e ekriateil i ifen ia,

found to be ane efacréphagestheliCss for TNF mesEse Wiss 0.3mM &8¢ in fas pefitoneal thi s
test are as shown-in Figure 1. Conpound 1 inhibits LPS-induced production

of TNF, exhmacrerhggas thelCso fforoelegsgobINfrewas 11 ?Ms nM Ot her anal ogs
found to inhibit LPS-i nduced TNF production included conpound 2, .
conpound 3, conpound 4, 10 conpound 5, conmpound 6, conpound 7, conpound 8,

conpound 9, and M%Wese conpounds exhibited ICerr] of
between 1.5 nM a ' Compound 1 al so inhibited
LPS- nmedi at ed i nduct i oBCG-prirhe® midce (Mogef) S. et BRU. Immundiogy 1980024 2009-2088)! s .
Inhibition of IL-8 generation was conplete at concentrations of 1 nM
and greater @Bnp¥ene utilizedas an Nvo BsSRYLIYstam for menijesing the inbibiloryeftegtapfdipid
A analogs on (1) LPS-induced TNF production and (2) LPS-induced lethality as
follows.
Five week old male C57BL/6 mice (supra) were primed by intravenous tail
vein injection with 2 mg of BCG. Ten days post-injection, E. coli LPS (supra) in
20 pyrogen-free 5% glucose solution (Otsuka Pharmaceuticals Inc., Tokyo, Japan)
was administered intravenously through the tail vein of the BCG-primed mice. LPS
" was administered at 1-3 uglr_nouse for both TNF production and mortality studies.
The test compound was administered as a component of the injected LPS solution
at a concentration of between 3 and 300 pg/mouse. Plasma was obtained one
25 hour post LPS injection, and TNF was assayed by the ELISA assay described
above. Mortality resulting from septic shock was recorded for 36 hours after LPS

injection.



Compounds of this invention simlarly inhibited the LPS-induced production
of other cytokines in human whol e bl ood, even though sone.of these

cyt oki nes wer e generated several hours after addition of LPS. For

i nstance, IL-1[err] and IL-6 requires four or nore hours for maxi num
| ével s to be reached, while IL-8 reaches 20 maximum |l evels ten or nore
hours after LP®OP§8P41ion. Usi ng net hods descri bed above, PEHHPBINTE of
this invention were added at a concentrati oifs between 0 and 10 [err] M
and LPS was added at 10 ngni. Inhibition of production of TNF, IL-1[err],

| L- 6, and | L- : ' | | b1 PR Of
LPS. This inhibiti OnéonWBéu o¥ cyf’%ﬁ?‘%@ﬂg%%gﬁ{vib%%;&gﬁgﬁ Eﬁ{rﬁ’é’% %ﬂem
concentration difiewihgradministration ef LPS5 Congpoemd 0usnxd Cemipoondfl effelctiealy oki ne

synt hesis was >90 % at_ ¢ ound 1. . concentratiops qf nM and nore for
up to-24 hours E‘hlbéﬁdémﬁo SPQS’H"QR" p&yo in mice (EbSOs = %Egpgawouse. .
PCT/ US96/ 09578

. | e
B: Persistence MHSPEEIHInFOTRPUNG Ry FOMPEHRT By gegpound 4, compo%%d'q‘f.tcﬁgw A fre
of the conpond ) & | ' ' i ductionwithe
circul ati on,yt hé?rﬁ't"%%ﬁ 31 %@“gﬁrﬂdﬁé}s@ggﬁ%ﬁg%g% "FI e of Iipgo hou'rs. I'n
order to nEDgpa ibetwerrat® and 200 pgfmousecwith cornpoungsi 5 6@ndt7 giving&Dsmy
require continuous 5 admnistration. The study of this deactivation has
led to the devevapeeal08f an assay to neasure in vitro deactivation of

drugs in human whol e _bl ood.. This is . _done by. prej. ' | Dl

ant agoni sts with bl o¥Pa8 e'\%PP'&'ﬂ]g" eﬁamﬁ?go‘@fm gpwgﬁﬁsﬁ‘{ﬁ% %\?&\@é%dsg@gréohlso
addition of theglEstiveGhRibiteradst LPSsindeset! TRE pradietion in wivobbtimant ED50's
three hours, and assay for rel eased cytokines. A schematic for this assay
i s shown 1010i Nnbbivenc2.3.and 6.1 pg/guinea pig forgednipaindss apmpiound I ahdé compound
denonstrated that B531, as described by Christ, et al., U S
application 07/ 985,050, "deactivates" (loses activity with increasing tine
of preincubation). As shown in Figure 3, m 1 al so deactivates, but

its superior activity and decreased ation rate makes it as
active after 6 hourstgg ué‘éx A BRaibg¥destribbl HErdiR provide d€eiul tHiefapelkios fordRé a
are the average of 7 separate experinments run in triplicate.

Exanpl e C: | nhi iiehtmentasr prédemion lof afy PPSemedtliated inflarnmation oo disordes! Swobiel
syst ens LPS-induced TNF or |L-6 production was_ inhibit EduRi¥1
conpounds_oft5t halispeders inalude withowtlimitaion;engaiexenya éﬁﬂsﬁﬂs'ﬁtﬂﬂ. F}tg?ilﬁﬁbas g
b e 4R o oo 6F ol N oA et
‘Bar Harbor, M) JaRefdhRed UfanvRator, Bisthfithtéd @ftavascular coagulation, hypotension,
acute renal failure, acute respiratory distress syndrome, hepatocellular destruction,
and/or cardiac failure); and LPS-mediated exacerbation of latent or éctive viral
20 infections (e.g., infectioh with HIV-1, cytomegaloviruses, herpes simplex, and
influenza virus).
The lipid A analog is typically administered in a pharmaceutically acceptable
formulation, e.g., dissolved in physiological saline (which may include 5%
glucose). When the lipid A analog is provided for the treatment of a viral infection, it
25 may be administered in conjunction with appropriate viricidal agents. The Lipid A
analog may be stored as a freeze-dried formulation.
Lipid A analogs are administered in dosages which provide suitable

inhibition of LPS activation of target cells; generally, these dosages are, preferably,



t he abdonen of prinmed animals. Primng was acconplished by intraperitoneal

I nfection of 2 ng of Bacillus calnette guerin(BCG RIBI |nmunochem cal
Research, 25 1Inc., Ham|lton, MI) at a concentration of 10 ng/niL in

physi ol ogi cal saline for mce and 2 ng of BCG at a concentration of 2
mg/7 mL in mneral oil for guinea pigs. Three days post-injection,
peritoneal nacr opRagdiMere i solated fromthe abdonmen of POBUSHOEASS
by standard techniques. Cells were allowed t7& adhere to WO
96/ 39411

PCT/ US96/ 09578 : :
plates for two t%eqvﬁ'rerég 'q;lousr%mz%pcf tl\%ttr/%ay[ ’h’g?]rec%rﬂeﬂar%% R/\eﬁt‘flﬁe"é@&s fgz{B&%ﬁW
nmedi um cont ai ni n&ﬂ@%f@gb@aﬁblﬁbémeanﬂawﬁz(-ﬁg/miemmay;ent rati on of 10
ng/ m.) was added as descri bed above. To test inhibition, conpounds of

this invention (at The drugshoukitheinjestedodr inkuses as soonad possbleavhgn\$iRG:can
added to the cul ture nmedi um_jusy . ior to, LPS additjon. Fol]ow ng a

t hr ee- hour i ncubk® Aigenesad %},‘9 6“"'??3&’%“3?%5@5 the A%é\#géwr?l(k“?'ﬁrgf al.,
and/or 1L-6 |gve a I o) (a] V2 ¥ '
described in {yrrjyla C;I‘Q?h%sstal?%zéﬁfb-?ég Ehf@‘r% uﬁ\ﬁ! a?)é( |1g§£g r 3?}15%'3'.’ %%?‘B?Eaﬁmﬁy

macrophages. | n preditorBClin hadifion, iffeslichotciaRRionEhonRLEtInmheideoas S6oh &3 pessibiy e
inhibition (ICerr] = 16 nMfor 1L-6 and 20 nMfor TNF, respectively); in

gui nea pi g 10 neflerexpaswe toendologinoridiagnesisaisysemic gremaegalive hastesiali i n

e b vr lsoBRch ALl o i gk bl i O eyl oo

| mmunol ogy 1980, an’ﬁhre%%éﬁ&ﬁBﬁéoﬁé a\ﬁﬂéﬁleﬁ‘ti lized as an in vivo assay
nhrbrtory e

system for nonitoring the i ects of lipid A anal ogs on (1)

LPS-i nduced T0NF pr odurrophylactitdindidatidrisSor 0sbiofHebe thjsi rhay melude their {158 Whiew .
Five week old male C57BL/ 6 m ce (sugra) were primed by intravenous tail

vein injection vexnesorey erdoknin carhe aatieipated: This ean oasHr whenicol i LPS
in 20 - 5%.0] |t Ot suka, Ph ti,cal
o ko abany s S HREREpBBAby R bt 5 FABETR BB B
T of the Boe ool W _ ral ! _
or "bot h TNE pr odaroen Woffsysteitic, orlocaBS i Regatieiactdral InfectiSh (Suth By o

adm ni stered as durrgeurgery); of the injected LPS sol ution at a

concentration of between 3 and 300 [err%’g/ nopuse. Pl asnma was obtai ned one 25
hour post LP%i nj ect idriherzia apNpcrpgsed gioRhghilitydhat blaod-levels of adotoniBeay hed

above. Mortalit yﬁkgecﬁg}ag 'rglﬁ' thd hOMa BRYAiioFRAF St SnbGERR LR Mifmaly Piickates

after LPS [
across the gut endothelium into splanchnic circulation. This translocated endotoxin

is usually then cleared by the liver (and possibly other cells and organs). increases
in biood endotoxin levels can occur when the rate of endotoxin clearance by the
26 liver (or other endotoxin sequestering cells or organs) decreases. Augmentation of
gut translocation can occur after gut ischemia, hypoxia, trauma, or other injury to
the-integrity of the gut lining (or by drug or alcoho! toxicity). Blood leveis of
endotoxin increase when liver function is compromised by disease {cirrhosis),
damage (surgery or trauma), or temporary removal (as during liver transplantation);
25 3) there is an acute or chronic exposure to extarnally-derived endotoxin resulting in
inflammatory response; this exposure can be caused by inhalation or other means
| of uptake of endotoxin. One exampie of SlHS-iriducing endotoxin uptake is com
dust fever (Schwariz, et al., 1994 Am J Physiol. 267: L609-17), which aftects
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Compounds of this invention effectively suppressed the production of TNF
followi ng adm ni stration of LPS. Conpound 10 and Compound 1 effectively
inhi.bited TNF p ion in vivo in mce (EDerr] =5 and 10.6

[err] g/ nouse, li'&)(%H;(iz‘%%'épect i vely). Conpound_.2, conpound 3, conpE&l/§oeL9s7s
conmpound 5, conpound 6, 5 conpound 7, coﬁ%ound 8, and conmpound 9 al so

i nhi bited TNF production with ED[err] between 10 and 200 [err] g/ nouse
Wi th conpounds Woritars fHfhe ‘grélin\thdiistry Dio? ekample, in the YithaHtanhidCvest. Such

In parallel experinents carried ouf in guinea pigs, these anal ogs were al so
ef fecti ve i nhi biwodkess can bBpropiddentidaifyNregted,c.gs, daily, iby inhaling(apaensalized| er r |
10 between 2.3 and 6.1 [err]g/guinea gig for conpound 1, conpound 7, and
conpound forppulation of the drug prior to beginning work in, e.g., fields or grain gipvaters.

{reatnont or prevent | ShigH aiier WinEhYladlHdiReipRL: brIERERT: sV F3pgEh of Bun

15 disordess jrjadtiadSvilvbbREY. Injedtion!is Pibst PreleraBieS BuBinfuionSPEg ibe viariiied ™)

resul ting roma gram negative bacterema (wth 1ts acconpanyi ng
synptons of fevarsome casegbyphaimacekinetit requiretments. di ssen nat ed
i ntravascul ar coagul ati on, hypotensi on acute renal failure, acute

respi ratory i st ess Ty HERGARTE sheldebitinter e snesiae passise aher diagingéy e SIRS, and
20 i niecti ons. (hodB LoiriBr sfER R TS Pherf opeiiBhn Hnek Yl kel @recucao

si-npl ex, and an accBptabffédetyi I us) . The lipid A analog is
typically adm nistered in a pharnaceutically acceptable formul ati on,
e.g., dissolved in physiological saline (which may include 5%

gl ucose). Wien the lipid A analog is provided for the treatnent of a viral
infection, it 25 may be administered in conjunction with appropriate

viricidal agents. The Lipid A anal og may be stored as a freeze-dried
formul ati on. Lipid A anal ogs are adm nistered in dosages

whi ch provide suitable inhibition of LPS activation of target cells;
general ly, these dosages are, preferably, .
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0.01 - 50 ny/patient/day, nore preferably, between 0.05 - 25 ng/patient/
day, and nost preferably, between 1 and 12 ng/ patient/day. The

drug should be injected or infused as soon as possible when SIRS can
be di agnosed usiYfy%R3%4i cal predictors such as the APACHE scor BCT/KSR6(§9578 ot
at., 5 1991 Chest 100: 1619-36 and Knaus, & al., 1993 JAMA: 1233-41) or

ot her clinical predictors. In addition, injection or infusion should
comence as soORuas iPQafmey &: after exposure to endotoxin or diagnosis
of system c gram negative bacteri al infection, especially if a nore
rapid or early di g@ecermpound ofdhefomulanf systematic gram negati ve

i nfection becones avail able. 10 Prophyl actic indications for use of
t hese drugs may include their use when exposure to endotoxin can be
anticipated. This can occur X o o) @ _an Ahcreased

probability of elevation of syst
system c or |ocalized gram negati ye bacjerial infectfon (sych as
during surgery); 15 2) the i i AN t hat bl ood

| evel s of endot oxi n may [ §ﬂcal state,
endotoxin only mnimally transl ocate across the gt end¢f heliuminto
spl anchnic circul ation. This transl o@ated Bhdotoxin 9 is uBlally then
cleared by the liver (and possibly ofher cells and orga& ). lncreases

in bl ood endotoxin | evels can occur en the rate of en®dotoxin clearance by
t he 20 Iiveg (or other endotoxin sequestering cells or organs) decreases.
Augnent at i on~ of gut translocation can occur after gut ischem a,
hypoxi a, trauma, or other injury to the integrity of the gut Iining
(or by drug or alcohol toxicity). Blood | evel s of endot oxi n i ncrease
when 1iver funcwhene R is selectedifromi the/group eassistingi ofr hosi s) , damage
(surgery or trauma), or tenporary renoval (as during |iver
transplantation); 25 3) there is an acute or chronic exposure to

‘external | y-derived endotoxin resulting in R i nfl ammatory response; this
exposure can be caused by inhal ation or otHgr neans - of uptake of
endot oxi n. One exanpl e of SIRS-induci ng endot®bxi n uptake is corn dust

fever (Schwegtz, et al., 1994 AmJ Physiol. 267: L609-17), which affects

0 OH
L /'\
J K’
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L
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J K,
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in the grain industry, for exanple, in the American md-west. Such

wor kers can be prophylactically treated, e.g., daily, by inhaling an

aerosol i zed fornul ation of the drug prior to beginning work in, e.qg.,
fields or grai nWO%GMY s, For mggt other prophyl acWM”q’s

t herapeut.ic applications, IV infusion or bolus 5 injection will be used.
Injection is nost preferable, but infusion nmay be warranted in sone
cases by pharnmacoki neti c requirenents. The treatnment should be
initiated as soon as possible after di agnosi®W0f.¢SIRS, and shoul d
continue for at |east three days, or wheff asse§snment of risk of nortality
is reduced .an acceptabl e | evel. WO 96/ 39411

PCT/ US96/ 09578 74 Tat T, clained is: 1. A
conpound of the formula: [err] 5 where R err] is selected

fromthe group consisting of

where each J, K and Q, independently, is straight or branched C1 to C15 alkyl; L is
O, NH, or CH,; Mis O or NH; and G is NH, O, S, SO, or SOs;

10  R2is straight or branched C5 to C15 alky!;
R3 is selected from the group consisting of

straight or branched C5 to C15 alkyl,

o

L

15 A—CH:CH-B,

N

A—CH=C—D

20

a E B=—=CH==CH=D gnd

RO A A



10 [err] WD 96/ 39411 : :

PCT/ US96/ 09578 75 [err]
where each J, K and Q independently, is straight or branched Cl to C15
alkyl; L is 0, NH, or CHerr]; Mis Oor NH, and Gis NHL O S. SO or

SdJerr]; 10 %eﬁ&l is straight or branched C5 to C15 al kyl; err]
is selected froMeABYoup consisting of PCT/US6/MS780
branched C5 to C15 al kyl, 76

_ ‘i |

k:. E B c==C—D

where E is NH, O, S, 50, or SO0o; each A, B and D, independently, is straight or
5 branched C1 to C15 alkyl;

R4 is selected from the group consisting of
straight or branched C4 to C 20 alkyl, and

N

where each U and V, independently, is straight or branched C2 to C15 alkyl and W

10

is hydrogen or straight or branched C1.to C5 alkyl;
R. is RS or R5-O-CH,-, RS being selected from the group consisting of hydrogen, J',-
"-OH, -J'-0-K',-J'-0-K’-OH, and -J'-O-PO(OH),» whers each J' and K, |
15 independently, is straight or branched C1 to C5 alkyl;
RB is selected from the group consisting of hydroxy, halogen, C1 to C5 alkoxy and
C1 to C5 acyloxy;
Al and A2, independently, are selected from the group consisting of
OH,
20

4]

k]

O 7, s (Y meee. P OF

OH

AR T



[err] 20 WO 96/ 39411

PCT/ US96/ 09578 76 [err]

where Eis NH O S, SO or S(Jerr]; each A, B and D, independently, is
straight or 5 branched Cl1 to C15 al kyl; Rlerr] is selected fromthe
group consi sti ngv of straight or branched ¢4 to C20 al kyl, and

[err] 0 96/39411 | 7 PCT/US96/09578

i

Pe— OH

OH , and

where Z is straight or branched C1 to C10 alkyt;
and pharmaceutically acceptable salts thereof.

2. A compound of claim 1 with the formula:

(o] o (o] Al
R6——0O

-—-—o
s ¢
[~
Q
;

10 | R4 R?

“where R1 is selected from the group consisting of

N

15 J o,

TKJ/OCK.
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10, where each U and V, independently, is straight or branched C2 to
Cl15 al kyl and W is hydrogen or straight or branched Cl1L to C5 al kyl;
Rlerr] is Rerr] or, Rerr]-OCHerr]-, Rerr] being selected fromthe group
consi sting of hydrogen, J', - J-H, -J-O0K ,-J-O0K -0OH, and
-J'-OPQOH)[err], where each J' and IC, 15 independently, is straight or

branched Cl to W34 - ~_ Rlerr] is selggted fromthe grouRCTA02578 ng
of hydroxy, halogen, Cl to C5 al koxy and Cl to C5 acyl oxy; Alerr]
and Alerr], independently, are selected fromthe group consisting of
[err] WO 96/ 39411
PCT/ US96/ 09578 77 Olerr] 5 where Z is
straight or branched Cl to Cl10 al kyl; /lL

M=—Q

L
L L

B

L

where each J, K and Q, independently, is straight or branched C1 to C15 alkyl; L is
O, NH, or CH,; Mis O or NH; and G is NH, O, S, SO, or SOg;

R2 is straight or branched C5 to C15 alky};

15 R3. is selected from the group consisting of

straight or branched C5 to C15 alkyl,
i
A CHZ= CH=B ,

20

H!llllj IR R



and pharmaceutically acceptable salts thereof. 2. A conpound of claim1l

with the fornul a: [err] 10 where Rlerr] is selected from
t he group consi sting of 15 [err]
WO 96/39411 78 PCT/US96/09578
I
l\pr—-cnzf—u
- B ’
‘ i
‘\A-—-cEc—sl
I
5 l\A B B CR=CH~D and
i
K:: E B c=—c—D

where E is NH, O, .S, SO, or SO2; each A, B and D, independently, is straigh_t or
10 branched C1 to C15 alkyk ‘

R4 is selected from the group consisting of

straight or branched C4 to C 20 alkyl, and

N

where each U and V, independently, is straight or branched C2 to C15 alkyl and W

15

is hydrogen or straight or branched C1 to C5 alkyl;
. RS is selected from the group consisting of hydrogen, J',-J-OH, -J'-0-K',-J’-O-K"-,
and -J’-O-PO(OH)zv where each J' and K’, independently, is straight of byanched
20 C1 to C5 alkyl;
R6 is selected from the group consisting of hydroxy, halogen, C1 to C5 alkoxy and
C1 to C5 acyloxy;

* [+ L M H *
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[err] 10 where each J, K and Q independently, is
straight or branched Cl to C15 alkyl; L is O, NH, or CHerr]; Mis O or
NH, and Gis NH O S, SO or SJerr]; Rlerr] is straight or branched.
C5 to C15 al kyl; 15 Rlerr] is selected fromthe group consisting of
straight or brar‘?&'ﬂé@%ﬂ to C15 al kyl, 20 PCT/US96/09578
[err] 80 ,

Al and A2, independently, are selectad from the group consisting of

OH,

OH

Qs Z, e (i B OH

OH

’

P=—OH

OH , and
10 O——2Z—~——CO3H

where Z is straight or branched C1 to C10 alkyt;
and pharmaceutically acceptable salts thereof.
3. A compound of claim 2 where R2 is C8 to C15 straight or branched alkyt.
15 4. A compound of claim 2 where R2 is C9 to C12 straight or branched alkyl.
5. A compound of claim 2 where R2 is C10 straight or branched alky!.
6. A compound of claim 2 where A1 and A2, independently, are OH or -O-PO(OH),.
7. A compound of claim 2 where R6 is hydroxy.
8. A compound of clalm 2 where RS is C1 to C5 straight or branched alkyl.

20 9. A compound of claim 2 where R1 is selected from the group consisting of

L,

A
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[err] where Eis NHL O S, SO or SJerr]; each A B
and D, independently, is straight or 10 branched Cl to Cl15 al kyl;

Rlerr] is selected fromthé group consisting of straight or branched C4
to C 20 al kyl, and [err] 15 where each U and V, independently, is
strai ght or braMh¥#"? to C15 al kyl and Wa1 PCT/US96/09578

o] OH
L /k

J K,
Q

LA
; BRNEN

where each J, K and Q, independently, is straight or branched C1 to C15 alkyt.

10. A compound of claim 2 where R3 is selected from the group consisting of

o
L
10 _ A——CHZ=CH-B  and
0
L

B

where each A, B and D, independently, is straight or branched C1 to C15 aikyl.
11. A compound of claim 10 where the double bonds are cis or zusammen.

15 12. A compound of claim 10 where the double bonds are trans or entgegen.
13.-A compound of claim 2 where R4 is selected from the group consisting of
straight or branched C4 to C20 alkyl, and

20

(T



i's hydrogen or straight or branched Cl1 to C5 al kyl; Rlerr] is selected
fromthe group consisting of hydrogen, J',-J'-OH -J'-OK‘ ,-J'-OK -,
and -J'-O-PQ(CH)[err], where each J' and K', i ndependently, is straight or

branched 20 Cl1 to C5 al kyl; Rlerr] is selected fromthe group

consi sting of hydroxy, halogen, Cl to C5 al koxy and Cl to C5 acyl oxy;
WD 96/ 39411 WO 96/39411 PCRCT/BS%/09978 7/ 8
80 Alerr] and Alerr], independently, &Pe selected fromthe group
consi sting of [err] '

where U is straight or branched C2 to C5 alkyl, V is straight or branched C5 to C12
alkyl, and W is hydrogen or straight or branched C1 to C5 alkyl.
~ 14. A compound of claim 2 where each Al and A2, independently, is selected from
the group consisting of OH and -O-PO(OH),;
5 Rlis s_elected from the group consisting of
i
L

J

I‘LJ/R,

10

. where each J, K and Q, independently, is straight or branched C1 to C15 alkwl;
15 R2 s straight or branched C8 to C15 aikyl;

R3 is seiected from the group consisting of

A——=CH= (l.‘.— D
20 B,
where each A, B and D, independently, is straight or branched C1 to C15 alkyi;
R4is

* [ L N § *



where Z is straight or branched Cl1 to C10 al kyl; and pharmaceutically
accept abl e salts thereof. 3. A compound of claim2 where Rerr] is C8
to C15 straight or branched al kyl. 15 4. A conpound of claim2 where
Rerr] is C9 to C12 straight or branched al kyl . 5. A conmpound of claim
2 where Rlerr] is Cl0O straight or branched al kyl. 6. A conpound of
claim2 where ANQ9§394Md Alerr], independently, are OH or - O PECUMBI6N98TS.
7. A conpound of claim2 where R6 is hydroxyas 8. A conmpound of claim?2
where R err] is Cl to C5 straight or branched alkyl. 20 9. A conpound of
claim2 where RL is selected fromthe group consisting of WO
96/ 39411 PCT/ US96/ 9578 -

81 [err] where each J, K angd-0," independently, is

straight or branched Cl to C15 al kyl. 10. A gompound of claim 2 where
Rlerr]*is selected fromthe group consisti ngﬂ\[irr]

—U

“where U is straight or branched C2 to C5 alkyl, V is straight or branched C5 to C12
5 alkyl and W is hydrogen or straight or branched C1 to C5 alkyl;
and RS is straight or branched C1 to C5 alkyl; and
R6 is hydroxy.
15. A compound of claim 2 where A1 and A2 are -O-PO(OH),;

R1 is selected from the group consisting of

10
(o]
L
J
o} OH
L /k
J K’
0 O/Q
"\ /l\
15 J K, and

0 o]
II\ /lk
J K,
where each J and Q, independently, is straight or branched , C1 to C5 alkyi, and K

o is straight or branched CB8 to C15 alkyi;
20 R2 s straight or branched C8 to C15 alky;

R3 is
o]
L

Am—— CHZZ=CH-3B

AR 0 R A



where each A, B and D, independently, is straight or branched Cl to C15

alkyl . 11. ‘A compound of claim 10 where the doubl e bonds are cis or
zusamen. 15 12. A conpound of claim 10 where the doubl e bonds are trans
or. ent gegen. 13. A conpound of claim2 where R err] is selected from
t he group consisting of . straight or branched ¢4 to C20 al kyl, and
[err] 20 WO 96/39410\D 96/ 39411 PCT/US96/09578
PCT/ US96/ 09578 | 84 82 where U is
straight or branched C2 to C5 alkyl, Vis straight or branched C5 to Cl2
al kyl, and Wis hydrogen or straight or branched C1 to C5 al kyl. 14. A
conpound of claim2 where each Alerr] and Alerr], independently, is

sel ected from whenehd isgstraight@s branched 540 G2 alikd andBrgstiajght or branshed Cp to s
sel ected fromth&gra%? consi sting of .

Réis

where U is straight or branched C2 to C5 alkyl, V is straight or branched C5 to C12
alkyl and W is hydrogen or straight or branched C1 to C5 alkyl; and
10 RS is straight or branched C1 to C5 alkyl; and
R is hydroxy. ,
16. A compound of claim 2 where Al.and A2 are -O-PO(OH),;
R1 is selected from the group consisting of

LI,

15
0 o
J K' and
0 0
L
J K,

20 where each J and Q, independently, straight or branched is C1 to C3 alkyl, and K is
straight or branched C10 to C12 alkyl;

R2 is straight or branched C9 to C12 alky!;
RS is

* c L M S *



[err] where each J, K and Q independently, is straight or
branched Cl to C15 alkyl; 15 R2 is straight or branched C8 to Cl15 al kyl;

R3 is selected fromthe group consisting of [err] where each
A .B and D, independently, is straight or branched Cl to C15 al kyl; R4
is WO 96/ 39411 PCT/ US96/ 09578
‘83 WO 96/39411 85 PCT/US96/09578
[
ka—-—cn:cn-a
where A is straight or branched C8 to C12 alkyl and B is straight or branched C6 to
C10 alkyl; '
5 Rtis
/W

where U is straight or branched C2 to C4 aiky), V is straight or branched C5 to C10
10  alkyl and W is hydrogen or straight or branched C1 to C3 alkyi; and |
RS is straight or branched C1 to C3 alkyl; and

RS is hydroxy.
17. A compound of claim 2 where A1 and A2 are -O-PO(OH),;
Rlis '
15.
ﬁ\ 0
CHa (CH3)10CH3
R2.is (CH,),CH;
R3 is
.20
I
(CHz} 9= CHZ=CH=(CH; ) 5CH3 .
R4is

A 0 AR A



[err] where U is straight or branched C2 to C5 alkyl, Vis straight
or-branched C5 to Cl12 5 alkyl and Wis hydrogen or straight or branched

Cl to C5 al kyl; and R5 is straight or branched C1 to C5 al kyl; and
Rlerr] is hydroxy. 15. A compound of claim2 where Alerr] and Alerr]
are -OPQ(OH)[err]; Rlerr] is selected fromthe group consisting of 10
[err] WO 963%¥here each J and Q independently, is stPErTARY6/09578
branched , Cl to C5 alkyl, and K is stra&ght or branched C8 to Cl15
alkyl; 20 Rerr] is straight or branched C8 to C15 al kyl; R3 is
[err] 1

o~

(4::;1,)/k

2 {CH3) ¢CH3 .

RS is -CH,; and

R6 is hydroxy.
18. A compound of claim 2 where A1 and A2 are -O-PO{OH),;
5 Rlis |
o] OH
L
CH, {CH2) 10CH3

R2 is (CH,),CHy;

10 R3is
[
(CHz) 9— CH== CH— (CH,) 5CH,
Réis
H
O/
15 {CH3) 2 (CHz) ¢CH3 -
RS is -CH;
RE-is hydroxy.
19. A compound of claim 2 where A1 and A2 are -O-PO(OH),;
Rlis
20
ﬁ\ 0
CH; (CHz) 19CH3

R2 and R3 are (CH,),CH,;

AN O



WO 96/ 39411

PCT/ US96/ 09578 84 wher e
A is straight or branched C5 to Cl12 alkyl and B is straight or branched C6
to. C12 al kyl; Rlerr] is 5 _
[err] where U is straight or branched C2 to C5 alkyl, Vis
strai ght or braffR&PEMY o ci12 al kyl ad Wis hydrogen oPCTUSSSePSI8 Or
branched C1 to C5 alkyl; and 10 Rerr] is straight or branched Cl to C5
al kyl ; - and Rlerr] is hydroxy. 16. A compound of claim2 where
Alerr] and AlerrR4ime -O PQ(CH)[err]; Rlerr] is selected fromthe
group consi sting of [err] '
H
o
(CHz)2 (CH2)5C33;
RS is -CH,; and

5 RS is hydroxy.
20. A compound of claim 2 where A1 and A2 are -O-PO(OH),;

Rlis
IT\ OCH,
CHy {CH3) 10CH3
10
R2 s (CH,),CH;;
R3 is
i
(CHz) == CH== CH = (CHj) sCHj
15 R4is
o P CH;
{CH2)2 (CHz) sCH; :
RS is -CH,; and
RS is hydroxy.
20 21. A compound of claim 2 where A1 and A2 are -O-PO(OH),;
Rlis
) T OH
CH; (CH32) 10CH;3

N O



20, where each J and Q independently, straight or branched is Cl to C3

al kyl, and Kis straight or branched C10 to Cl12 al kyl; R2 is
straight or branched C9 to Cl12 al kyl; R3 is WO 96/ 39411
PCF/ US96/ 09578 85 [err] where Ais

straight or branched C8 to Cl12 alkyl and B is straight or branched C6 to
C10 al kyl; 5 RM™963%4 : [ er r PCT/US96/09578
where U is straight or branched C2 to &4 al k?P, V is straight or branched
C5 to C10 10 al kyl and Wis hydrogen or straight or branched Cl to C3
al kyl ; and Rlerr] is straight or branched Cl1 to C3 al kyl; and

Rlerr] is hydroxy.,. 17. A conmpound of claim2 where Alerr] and Alerr]
are - O PQ[ OH) [ er 32 is (CH,),CHj;

R3 is
l
I .
5 (CHz) goe CH== CH—(CH2)5CH3;
Ré4is
O/CI-Ig
{CH2)2 (CHz) ¢CH3 .,

RS is -CH;,; and
10 RS is hydroxy.
22. A compound of claim 2 where Al and A2 are -O-PO(OH).;,;

Rlis
E 0
cnz/'u\ (CHz) 10CH3

15

R2 is (CH,),CH,;

RS is

I
| (CHz)9—CH= CH~(CHz)sCH;,
20 Ré4is
N
(CH)2 (CHz)sCHs;
RS is -CH,; and

* [ L M H] *



Rlerr] is 15  [err] 20  [err] R4 is WO 96/ 39411

PGT/ US96/ 09578 86 [err] Rlerr] is

-CH err]; and R6 is hydroxy. 18. A compound of claim2 where Alerr]

and Alerr] are -OPQO(OH)2; 5 Rerr] is [err] _

: WO 96/39411 PCT/US96/09578

89
- R6 is hydroxy.
) 23. A compound of claim 2 having the following structure
OPO(OH)-‘.
MOW;II I I )‘\)k/(cﬂawscﬂa
cu,(cﬂg)s O\NICHz)aCHs
CHaO
5

and pharmaceutically acceptable salts thereof.

24. A compound of claim 2 having the following structure

o O 0 ~OPOOHE

o L. G § g

(HO),OPO" NH HO'
CHyfCHale _~O
CHyO

O A (CHalCH;

10

and pharmacsutically acceptable salts thereof.

* c L M S *



R[_.err]' Is -CH err];

R6 is hydroxy.

':_19. A conpound of claim2 where

Alerrl—and Alerr] are -OPQ OH)[err}; ~ Rerr] is 20 [err] R err]
and Rlerr] are (CHerr])[err]CH err]; WO 96/ 39411
87. PCT/ US96/ 09578 R4 is [err] Rlerr] is
-CHerr]; and
WO 96/39411° PCT/US96/09578
1/3
Figure 1
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5, Rerr] is hydroxy. 20. A conpound of claim2 where Alerr] and Alerr]

are -O-PQOH)[err]; Rerr] is [err] 10 Rerr] is
(CHerr])[err]CHerr]; R3 is [err]
Rlerr] is -CHerr]; and Rlerr] is hydroxy. 20 21. A conpound of claim?2
where Alerr] and Alerr] are -OP errj; err] is err
WO 96/ 3%411] Wobeidsis Aeterr] Rerr [Pcr/]usssmsm
PCT/ US96/ 09578 2/3  gg Rerr] is
(CHerr])[err]CHerr]; Rlerr] is
Figure 2
HOURS INCUBATED .
to t3 t6 t9 '
MWELLS HARVESTED
compound . LPSadded A
addedo ﬂW&LS HARVESTED
all wells LPSadded A

q WELLS HARVESTED

LPSadded A



[err]. Rlerr] is -CHerr]; and 10 Rerr] is hydroxy. 22. A
cbnpound of claim2 where Alerr] and Alerr] are -O-PQ(CH)[err]; R err]
I § [err] 15 Rlerr] is (CHerr])[err]CHerr]; R3 is
[err] 20 R4 is WD 96/ 39411
PCT/ US96/ 09578 89
WO 96/39411 PCT/US96/09578
3/3
Figure 3
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R6 i S hydrof(y.' 23. A conpound of claim2 having the follow ng. Iros ecopy

structure o ferr] ‘5 and pharmaceutically acceptable salts -
t her eof . 24. A conpound of claim 2 having the foll ow ng structure IPER.
[err] 10 and pharmaceutical |y acceptable salts thereof e
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