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SUBSTITUTED LIPOSACCHARIDES USEFUL
IN THE TREATMENT AND PREVENTION OF ENDOTOXEMIA

£ INVI N
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

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
this disease; however, their bactericidal action can resuit 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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disseminated intravascular coagulation (DIC), hypotension, acute renal failure,
acute respiratory distress syndrome {(ARDS), hepatoceiluiar destruction and
cardiac fallure.

Although endotoxin initiates septic shock, it has little or no direct toxic effect
on tissues; instead, it triggers an immunobiological response leading to a cascade
of release of cytokines such as tumor-necrosis factor (TNF), interleukin-1,
interieukin-6 and interleukin-8, and other'biologica! mediators such as nitric oxide,
as well as an array of secondary mediators (e.g., prostaglandins, leukotrienes,
interferons, platelet-activating factor, endorphins and colony-stimulating factors).
Generation of pathophysiological concentréﬁons of these cytokines and
inflammatory mediators influence vasomotor tone, microvascular permeabifity and
the aggregation of leukocytes and platelets causing a syndrome termed systemic
inflammatory response syndrome {or SIRS) and septic shock. .

The bacterial fipopolysaccharide molecule has three main regions: a long
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.
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
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
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thereby decrease the production of certain secondary mediators such as
prostaglandins and thromboxane.

However, none of these therapies to date has resulted in significant

" reduction in the morbidity and mortality resulting from sepsis and septic shock
5 syndrome. Thus there is a long felt need for agents to affirmatively treat this

disorder.

Christ, et al., “Anti-Endotoxin Compounds,” U.S.S.N. 07/935,050, filed
August 25, 1992, ihe contents of which are included by reference, disciose certain
disaccharide compounds, such as B531 shown below, useful for the treatment of

10 endotoxemia.

9?0(on
makom Ho™' M(cHa)eocHa
CHy(CHals CH{(CHale _~_-© \/\r(CHz)sCHs
l\/\/\r" ©HhoHs 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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persistence of action. A representative compound of this invention, compound 1, is

shown below:
0. O 0O, ~OPO(OH),
CHO I« T .
(Hom - Ho..[ jﬂ)\)k, (CHaleCH,
CHalCHlo O O A (CHkCH,
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 following
terms, are defined with the following meanings, unless explicitly stated otherwise.

The term “alkyl” refers to aliphatic organic groups which may be branchéd or
straight and which may be optionally 'substituted with one or more halogen atoms
at any pasition along the alkyl chain. Alkyl groups include both groups which are
have a single unoccupied valence, for example, -CH,-CH, and alkylene groups
which have two unoccupied valences, for exampie -CH,-CH,-. As is obvious to
those skilled in the art, the single or double unoccupied valence will be used as
appropriate to describe compounds which are chemically stable.

The term "prodrug” as used herein refers to any compound that has less
intrinsic activity than the "drug" but when administered to a biological system
generates the "drug" substance either as a result of sponténeous chemical reaction
or by enzyme catalyzed or metabolic reaction. Reference is'made to various
prodrugs such as acyl esters, carbonates, phosphates and urethanes, inciuded
herein as examples. The groups illustrated are exemplary, not exhaustive and one
skilled in the art could prepare other known varieties of prodrugs. Such prodrugs
of the compounds of Formula | fall within the scope of the present invention.

The term "pharmaceutically acceptable salt” includes salts of compounds of
Formula | 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
“zusammen” ) isomers as generally 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
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diastereomers. All sterevisomers and mixtures thereof are considered to fall within
the scope of the present invention. The synthetic examples cited herein provide
the most preferred isomer. It is evident that in addition to the sugar moiety,
additional asymmetric carbons may be present in compounds of Formuta |, for
example being present in the side chains. In this event, all of the resulting

diastereomers are considered to fall within the scope of the present invention.

Brief Description of the Figures

Figure 1 depicts the inhibition of release of TNF-c. by Compound 1
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 |
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.

NOVEL LIPOSACCHARIDES
In one aspect, the present invention relates to the novel use of substituted

lipbsaccharides which comprise compounds of the general formuia |.
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L
§

J——G—K' and

5 NEN

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,

/=

A——CHZ==CH=~B

15
I
Am— CH:CII— D
B )
L
A——C=-—C_ B
[
20 kA—E Bre——— CH = CH-D' and
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where E is NH, O, S, SO, or SO; each A, B and D, independently, is straight or

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',-
J-OH, -J'-O-K',-J'-O-K’-OH, and -J'-O-PO(OH),: where each J' and K,
independently, is straight or branched C1 to C5 alkyl;

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,

O 7, s Qe P OH

CH
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OH , and

Q== 2~ CO3H

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:
R2 is C8 to C15 straight or branched afkyl;
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;
RS is C1 to C5 straight or branched alkyl;
R1 is selected from the group consisting of
[
L

Q OH
"\)\

J K'
Q

L

K, and
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LA

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
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L,

0 OH
L

J K,
Q

L.
L

where each J, K and Q, independently, is straight or branched C1 to C15 alkyl;

10  R2is straight or branched C8 to:C15 alkyl;
R3 is selected from the group consisting of

0

L

[
k A——CH=G—D
15 ' B,
where each A, B and D, independently, is straight or branched C1 to C15 alkyl;
R4is
w
O/

20
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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

R6 is hydroxy. '

In another embodiment, A1 and A2 are -O-PO(OH),;

R1 is seiected from the group consisting of

\,

]

L
L
L

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

g

Ae——CH=CH=B

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

R6 is hydroxy.

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

R1 is selected from the group consisting of

[0} OH
Il\ /k

J _K’
Q

LL.
LA

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

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

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),;
Rlis
ﬁ\ 0
CHy (CH3) 1 oCH3

R2 is (CH,),CH.;

RS is
i
(CHz) 9— CH== CH~ (CH; ) sCH3.
R4is
O/ .
(cHz)zJ\ (CH2) 6CH3.
RS is -CH,; and |

R6 s hydroxy.
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Also within the scope of the invention are compounds in which R1 and R3
are ‘sulfonyls, i.e., compounds in which the carbonyl on these side chains is -
replaced with SO,. These compounds could be prepared by treating the
appropriately substituted alcoholic sugar with the appropriate alkyisulfonyl
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:

‘

(o] OH

A,

o) L J ‘- .0 L
i L7 1L
s Q ™3 K .
o o
0
él
"\A-—CH=CH-B ,
o}
o
g .
"\A-—"'CI-'—C—D
0 S '
0
Il
ﬁ\a—cEc—a
o
o
il
lsl\:; E B CH==CH~-D
o ®
0
il
d
S Is!\A-—E B (=== C~~D
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Further, within the scope of the invention are compounds in which tﬁe point of
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:

T | L1 |
QL tﬂ-@\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

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

20



WO 96/39411 PCTAUS96/09578
18

R3 is selected from the group consisting of:

L L

CH=—=CH-—B and A_CH=CI__. D

‘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
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and pharmaceutically acceptable saits thereof. |

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;



10

16

20

25

WO 96/39411 20 , PCT/US96/09578

R6 is hydroxy:;
Al and A2 are

and pharmaceutically acceptable salts thereof.

ral Synthetic Meth

This invention is also directed to processes for preparing compounds of
Formula I. Disclosed herein are general synthetic routes for preparing variousily
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
rdetail 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

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.

Further, substitution of suitable alternative compounds in step 25 in the

synthesis will produce analogs which differ with respect to R3.
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Analogs without the oxygenated side chain at R, may be prepared by using
slight variations in the synthetic scheme shown below as is will known to those
skilled in the art. For the compound in which R, is methyl, for example, the product
of synthetic step 8, the tosylate, could have this leaving gfoup replaced by iodine in
the Finklestein reaction. The iodo compound 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
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.
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B R, H aam———— H
HOJ\/\(CHQ,GH; Ho’k/\(cuz).cua HO™ " (CH,3CHs

T80 (CHaJCHs

Thus the synthesis briefly outlined below provides versatile pathways to the
compounds of this invention. (For details regarding the synthesis, see the following

experimeéntal examples.)
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CHy0
8NaH/ T SOWW\ :;N&H’ MSO\/\/\/W
;'!-r’:cw 164BuOK, then HO -
4,MeONa 17.Diphenyiimine formation
84BUOK, then H,0 18.TBSClimid.
lg.TmcCIINaHCO, ;g..:go:cgenaﬂymmamol-l
bl 21.EDCIC14 ketoacid sidechain
13.CC1,CNAGCO, ‘ |2 F
H o v
CH.O f 0 O
(ARy10),0PO™" '*NHTROC ‘:’:’IIJ '-qu/“\/Cu
CHy{CHa)g _~_. O O~ (CH)CH,
CH ,5 1 ]
Jaomer ~\
0.0
2 W ., Cc
{Alyl0),0PO"" "NHTROC AOCO® N "
CHQ(CHQ)GWO OW(CHZ,GGHS
H 23 Z0HC!
CHy0 24.VaccenoylCUNaHCO
. 25.HF :
26.Phosphorylation
27 PdP{Pha))4PhSIH
OPO(ONa),
°S o o
HO™ N NHJk)\,c,.
O (CH2kCH,

Compound 1 (as the sodium salt)
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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
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
preparation of compound 1, use of alternate 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
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
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.)

o on . 0 ocH OCH,
H A T et 5
|-4o)'\/\(cr-:,),,cma HO (CHa)eCHs HO™ """ (CHy)eCH,

A B C
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OoCH, OCH,
e ——— B — H
T80 """ (CH,)CH, 17" (CHCHS
D E-

A representative preparation of the “left” portion is outlined below.

5
Ho 0. _,OTES
\|\’\q ’\q oI,
CHy{CHols \/\,0 CHy(CHRs \_~_- O
CHO
F G H
CHO (o) oes CHyO o] oTBS CHO o
Ho" "Ng — o  (AWIOROPO N "Ny —w  (AIO)0PO" * NH,
CH{CHle A~ © . CHACHIe (A~ © CHA{CHz)s \_~_ ©
CH0 I CH J CH{ 0 K
: 0., OH
. oo 0 »OTEs CHyO
o o — L " H‘r
(AlyI0),0P0" NHTROC on (g“l_:l’;:’mm I NeTROC
CH{CHy)g «_~_.O 5 N~
- CH so
CHZO M
10 L
1
0~ ~cC
CHs0 o s
— (Alyio},0P0"" " NHTROC
CH;(CHz)s < _~-©
CHLO
N

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

is below.
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le) oT8S
HO
\l:\(g, — ’\q N Ny
O~ (CHa)CH3 O~ (CH2)CHs
F o] | P
oTes otes
o._ 0188 o Ho o
q . *
" Ho" Ny . aoco® Ny Aoco® " Na
o A (CHa O - (CHasCHy O (CH2)CH,
Q R S
5 These two “haives” of the molecule are then coupled as outlined below and
further elaborated to give compound 1.
AL
o oTes
CH, O ° ocs HO °
(AlyI0),0P0"" " NHTROG + 000" N,
CHy(CHals ~_~_-© O - (CHa)CH;
CHyO .
N , S
O 0 0. 088
CH;0 ‘E ]‘ —_—
(Anw::)zcn;):(gf NHTROC AOCO™ Ny
CH3{CHz)s A~ O O - (CHa)sCHy
CHyO
10 ' T
$ OTBS | CHO ™™ o ~° °
: o
$ — .
L, (AllyiO},0PO0 " NHTROC JUI\’ (CHaCH,
AQCO NH, CH3{CHzk A~ _.0 o\/\, (CHCHy
O~ (CHeCH, c Haé

U v
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CH,0 ° ° ° orgs 0 -
(Alyl0),0PO ™" " NH, Aoco™ i N Jk)‘\/ (CHZ)oCH,
CH4(CHy)g N0 . O\/\/ (CH2)8°H3
CHyO w
0. L0 0. LOT8S
CH,0 o o
{AIy10),0P0 " “* NH AOCO™ " ﬁJk)\/ (CHZ)sCHy
CalCHale \A~_0 O_~_ (CHz)CH;
CH;0
X
5
§ OH § LOPO(O-Al
» x {CHZ)CH, o " {CHy)gCH;4
O (CHz)CHs O _~_ (CHz)sCH3
Y Y4
oMo 0. 0= o ,.‘oméomo
——eorei (kaNNH Ho* * y' /U\/IK/ {CHz)sCH;
Compound 1
(sodium salt)
10

EORMULATIONS

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
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most preferably, between 1 - 12 mg/patient. Most preferably the dosages are
administered over three days as a continuous infusion.

The term parenteral as used herein includes subcutaneous, intravenous,
intramuscular, and intraarterial injections with a variety of infusion techniques.
Intraarterial and intravenous injection as used herein includes administration
thrbugh catheters. Preferred for certain indications are methods of administration
which allow rapid access to the tissue or organ being treated, such as intravenous
injections for the treatment of ehdotoxemia.

Pharmaceutical compositions containing the active ingredient may be in any
form suitable for the intended method of administration. _

Aqueous suspensions of the invention contain the active materials in
admixture with excipients suitable for the manufacture of aqueous suspensions.
Such excipients include a suspending agent, such as sodium
carboxymethyicellulose, methyicellulose, hydroxypropylmethyl cellulose, sodium
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
alcphol (e.g., heptadeaethyleneoxycetanol), a condensation product of ethylene
oxide 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
olsaginous 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-
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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
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,
buffers, bacteriostats and solutes which render the formation isotonic with the biood
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 -
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
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.

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
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examples which illustrate some of the processes by which these compounds are
prepa@d or used. These examples should not be construed as specifically limiting
the invention and variations of the invention, now known or later
developed, are considered to fail within the scope of the present invention as
5 hereinafter claimed.
Compounds of the present invention are referred to by compound number

according to the tables below.

Ry 0. o, al
A2 NH RE ¥H
l 3 I L
R
L L
10 Formula 1
Compound # AR R R
1 OPO{OH), CO CH,CO(CH,)y, CH,4 (CH,).CH,
2 OPO(OH), CO CH,CO(CH,) ,, CH, (CH,),CH,
3 OPO{OH). CO CH,CO(Ci1,) 1o CHs (CH,),CH,
4 OPO(OH). CO CH,CHOH(CH,) 4o CH, (CHQQCHL
5 OPO{OH), CO CECO(CHz) 10 CHs {CH,),CH
6 QPO(OH)g CO(C&)&F&CH(CHQ, CH, (CH£);CH3
7 OPO(OH), CO(CH),CH, (CH,),CH,
8 OPO(OH), CO CH,CH(O CH, )(CH,) ,, CH, (CH,),CH,
8 OPO(OH), CO CH, CH(O CH, }(CH.) ,.CH, (CH,),.CH,
10 OPO{OH). cO C&CH(QH)(EE:! 10 CH, (C
11 OPO(OH COCH;CO(CH;)JOCH, (CH;?,CH,
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A2
o]
1,
Formula 1
— Compound # [l R R, e
1 CO(CH,),CH=CH(CH;), Ct; (CH.),CH(O CH){CH.), CH, | CH.OC OH |
2 CO(CH,);CH=CH(CH,) ; CH, (CH,),CH(OH)( CH,), CH, CH,OCH, | OH
3 CO({CH,),; CH, (CH,),CHIOH) CH,) CH, CH,OCH, { OH
4 CO(CH,)&FECH(CQ)ECH, (C&),CH(OH)( CH,)¢ CH. CH,QCH, OH |
5 CO(CH,){CH=CH(CH,} ; CH, (CHy), CH, CH,OCH, | OH
6 CO(CH,),CH=CH{CH,) s CH (CH,).CH(OH){ CH,) ¢ CH, CH,OCH, OH
7 CO(CH, kCl-hCH(CH,)g‘CHg- (CH,).CH{OH){ CH.,)¢ CH, CH,OCH, | OH
8 CO{CH,);CH=CH(CH,) s CH, . |- (g&-)zc_ﬂ- (O CH,) CH,)¢ CH, CH,OCH, | OH
8 CO(CH,)CH=CH(CH,)s CH, | (CH,),CH(OH)( CH,)¢ CH, CH.OCH, | OH
10 CO(CH,),CH=CH(CH,) CH, {CH,),CH(O CH,){ CH,) (CH, CH,OCH, | OH
11 CO(CH,);CH=CH(CH,);CH, | (CH,),CH{O CHy)({ CH,)(CH,8 CH; oH
XAM

atmosphere. Intermediates and final products gave spectral analysis (for example,

nuclear 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.

jon



10

15

20

25

WO 96/39411 PCT/US96/09578

' 32
All sensitive reactions were run under nitrogen and in dry equipment and |
anhydrous sodium suifate used as the drying agent uniess otherwise specified. All

products gave satisfactory nuclear magnetic resonance spectra.
oH
Purification of c,.,’o'u\/\/\/\/\

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.

o oH 1) NaOH o

cu,o’lk/?\/\/\/\ 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
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.

) o OH
Purification of ) PPN
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
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
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above salt. The mixture was stirred for several hours and the organic layer
separated. The aqueous layer was re-extracted with EtOAc (12 L) and the
combined organic layers were dried (sodium sulfate) and concentrated to give
2,897 g of a white solid.

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
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.

OH TsCl . OH

HO™ N NSNS Tso/\/'\/\/\/\

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
triethylamine (1.5 L). 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
twice on silica and eluted with a gradient of hexane:EtOAc (9:1 to 1:6) to give 642 g
of tosylate. |
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OH Me! OCH,
107 NN 107 NN

NaH

To a suspension of 60 % sodium 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
(7.7 kg) 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)
to give 940 g of a light yellow oil.

: H
o o 9 NaOMe | Hoﬁ
Ho"' “NHpHo - CF3COLEt Ho™ I ** NHCOCF,

MO

To a suspension of the aminosugér (1019 g) in 5 L of MeOH was added a 25 %
solution of NaOMe in MeOH (1080 mL, 5 moles), followed by 610 mL. of ethyl
triftuoroacetate. 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.
_ "
o~ O A Aco’\C:j
Ho™ "+ NHCOGF, 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
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mixture was stirred overnight. The solvent was removed under reduced pressure.

Toluene {5 x 500 mL) was added and also removed under reduced pressure to

give a solid which was chromatographed on silica. Elution with hexane:EtOAc

{(1:1) gave 1479 g of a white solid.

AO s ’S\IOH o .9”\/
. MO’\['J
A0 N ' NHCOCF, Ao *+ NHGOCF
. 3
A0 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
mL). The mixture was stirred ovemight and siowly 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
hexane:EtOAc gradient (4:1 to 1:1) to 'give 1327 g of a pale yellow oil.

:0’\/

Ao o fT\# NaOMe "o 0
A " NHCOCF, Ho” ' NHCOCF,

AcO HO

To a ice cold solution of protected sugar (1322 g) in 8.5 L of methanol was added
to a 25 % solution of NaOMe in methanol (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.
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o\ M&M

(o]
X s 7&“() wooor

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
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.

QCH,
o o ;0’\/ T80 AN NN o o ..9’\/
%,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
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
711 9.
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o . O\~ HF " wo o ST\
0 ; N
%/;L'J"Nacoca H/o\'(g * NHCOCF,
“1OCHg **OCH,

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
o0 TsCl m/\qj N
Ho™ “* NHCOCF, Pyr, DMAP Ho** " NHCOCF,
°"OCH3 "OCH; .

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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days and then poured onto 14 L of cold aqusous 1 M hydrochloric acid. The

mixture was extracted (2 x 5 L) with methylene chioride. The combined organic

layers were dried and concentrated. The residue was chromatographed on sitica.

gradient elution (hexane:EtOAc, 6:1 to 1:1) gave 632 g of a yellow syrup which

slowly crystallized on standing.

O’v o)
o § s ’v
Ts0 NaOMe CH,O 0y
HO™ "NHCOOF, Ho" “ NHCOCF,
[o]
. OOH, (¥} OCH3

To an 85 °C solution of 25 % sodium methoxide in methano! (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
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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0
o~ oy Y I‘.’K I IND
HO™ ** NHCOCF, —r ’\‘/\g
0 2) Hzo HO ! NHz
“1OCH,

-.]OC‘_‘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
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 :9 ’w Troc-Cl CHyO q
’\L'J HO™ " NHTroc
HO" " NH,
Q

*nOCH,

*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

siowly poured onto a solution of 500 mL of 40% aqueous methylamine and 3 L of
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water. The mixture was extracted with 2 x 1750 mL of methylene chloride. The

combined organic fayers were dried and concentrated. The residue was

chromatographed on silica. Gradient elution with hexane: EtOAc (5:1 to 1:1) gave

a quantitative yield of 287 g of a yellow to ofowhite solid.

cw’p ’} 1) (CHFCHCHzO)gPN{lPr)z M,Do'»

2) Oxone® (Aly0),0PO0"

1 OCH,

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,

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
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.
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o OH
oo~ ON Y HF o0 N °
(AllyI0),0P0" " NHTroc {Alyio),0P0™" ** NHTroc
) 0
u|°c].|3 ) -'locﬂs

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,
500 mL. The mixture was stirred ovaright, 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
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
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

chromatographed on silica. Elution with 1:1 hexane : ethyl acetate gave 651 g of
product.
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[ o :p’v
o 3 o’\L.J
7Lo“ " NHCOCFs NaH 7k°" " NHCOCF,
Q

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 -gnd- the solvent was removed under reduced pressure. The

10 residue was chromatographed on silica. Gradient elution with hexane:EtOAc (39:1

to 2:1) gave 618 g.

%,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
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dried by azeotropic distillation with toluene (3 x 500 mL) under reduced pressure to

give 458 g.

T T e

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
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o 3 > 7 Ph £ ’\;
Ho/m- . A Ho/moj.
HO"‘ J,N ot .,
Ha HO N
Fh

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.

o™~ ON "7 TBDMSCI mo,\r:j“‘?
HO* ;?,H\ 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. Gradient elution with hexane/ethyl acetate (49:1 to 4:1) gave 446 gof a
15 syrup. | |
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mo/\cajg"? - 1coc, TBSO;\C)P”‘?
HO™ Y 'h%’m - A0CO™ Y -.,:h o

2) allyl alcohol

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.

o L HOAc/H,O
Tas;;\('J ’\7'*' . 2 ’I')"NH’
he

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
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and 6.6 L of 1 M aqueous sodium hydroxide was added. The mixture was

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

(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
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
residue was chromatographed on silica. Gradient elution (hexane:ethyl acetate

19:1 to 3:1) gave 338 g of pale yellow syrup.
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o
o ®° HF HO N 3
TBSO
o ", AQCO" NH
AOCO NH
0 o
0 o

L ¢]

o]

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,
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. '
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NH
o~ ~cel
CCI,CN CH0 ° )
KOH (Alyi0),0P0"" Y NHTroc

]

*10CH,

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

through diatomaceous 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.
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o cCly HO G ’\7
Cr0 X ) Aoco™ " NH
(Alyi0),0P0" **NHTroc o o
+ (¢}
-|°cH3
AgOTt
(o) O \
(AIMO)zOP:I'J, NHTROC )l\)l\,
CH3(CH,)g \/\/ 0 OW (CHo)gCH5y

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
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
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.
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(Ammzomumoc Aoco™ ﬂj\/‘k/ Cua
CH3(CHyJa _A~\_.© O (CHa)eCH,
CHO
l Zn [ HOAc
o__0° g
CH,0 \[ j o 0
(AIMO)zONNHz Aoco™ e u’“\/u\/ Cre
CHy(CHalg  _~_. O ' O (CHz)CH,
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.
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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.
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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.
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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.



WO 96/39411 . PCTAUS96/09578
54

(o] o 0 .~OPO(ONa),

CHO \E j o o
. w, o "y CHo)sCH.
WMO)&NNH ACCO N)k/n\/‘ HeloGH,

CHy(CHalg_~_-0 o O\/H\,(CHz)aOHs
c

JOPO(ONa|
o Fe) o O éO )20
PA[P(Phy), NEOKOPO™ " N HO™ N N (OalsCHs
——— H
CH3(CHals _~_-O 0. - (CH2)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).
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%P NMR (CD,0D) &: 4.71, 3.98.

P tio C d 1

eparation of Co nd 1

Exampie 1: Intermediate B

To a suspension of intermediate A (15 g), prepared by the method of Christ,
et al., European patent appiication 92309057.5, in CH2Cl2 (150 mL) and 48%
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

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)
until reaction was compiete 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
pressure. After purification by silica chromatography, 12.06 g of intermediate C

was obtained.
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le 3: Intermedia
To a solution of C (10.64 g) in niethylene chloride (40 mL) was added
triethylamine (15.75 mlL), p-toluenesulfonyl chioride (11.86 g) and
dimethylaminopyridine (690 mg). The resulting suspension was aliowed to stir
until reaction was complete as determined by TLC then quenched via water work-
up with methylene chloride extraction. After purification by silica chromatography,
18.7 g of D was obtained. |

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.

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.
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Example 6: Intermediate G

To a solution of 18.6 g of intermediate F and 15.4 g of intermediate E in
hexane was added 23.9 g of silver oxide and the mixture refluxed ovemight. The
mixture was cooled, filtered through diatomaceous earth, the solvent removed and
the residue chromatographed (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
added dropwise 3.5 mL of 48% tetrafluoroboric 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.

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).
The mixture was cooled to 0 °C and to it was added imidazole (2.44 g) and t-
butyldimethyisilyl chioride (4.7 mL). }t 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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Example 9: Intermediate J

Intermediate | was dissolved in 100 mL of methylene chioride to which as
added diallyldiisopropylphosphoramidite (7.4 mL), followed by tetrézol_e (6.37 g).
The mixture was cooled and stirred for 20 minutes. A suspension of meta-
chloroperoxybenzéic acid (24.2 mmol) in 50 mL of methyiene chioride was added
over 15 minutes whi!g the temperature of the reac_:tion was maintained below
-60 °C. Sodium bicarbonate solution was added and the organic layer separated,
dried (sodium sulfate) and the solvent removed under reduced pressure.

Chromatography (silica) gave 14 g of a coloriess syrup of intermediate J.

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
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
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
of methylene chloride was added trichloroethyl chioroformate (2.9 mL) and the

mixture was stirred overnight. Aqueous sodium bicarbonate solution was added,
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the organic layer was separated, dried (sodium sulfate) and the soivent removed
under reduced pressure. Chromatography gave intermediate L, 12.96 g as light

yeliow solid.

intermediate L, 12.96 g, was dissolved in methylene chioride. To this
mixture was added a 6 M solution of hydrogen fluoride in acetonitrile and the
mixture stirred for 4 hours. Aqueous sodium bicarbonate solution was added the
organic layer separated, dried (sodium sulfats) and the solvent removed under
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
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.

Example 14: Intermediate O

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

221 g of intermediate O as a colorless oil.
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Example 15; ntermediate P

To a solution of intermediate O (30 g) in methylene chloride (90 mL) and
Acetonitﬁie (20 mL)was added a solution of 48% aqueous hydrogen fluoride (9 mL)
in acetonitrile (81 mL). The mixture was stirred for 30 minutes and 350 mL of
aqueous sodium bicarbonate was added. The mixture was extracted with
methylene chloride. The organic layer was dried (sodium sulfate), the solvent
removed under reduced pressure and the residue chromatographed to yieid 30 g

of intermediate P as a yéllow oil.

E le 18: Int ligte O

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
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
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.
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e 18: Int i
To a solution of 2.4 mL of 48% aqueous hydrogen fluoride in 48 mL. of
acetonitrile was added a solution of intemediéte R (20 g) in methylene chioride (24
mL) and the mixture stirred ovemight. Aqueous sodium bicarbonate solution was
added, the organic layer separated and dried (sodium sulfate) and the solvent.
removed under reduced pressure. Chromatography yielded 11 g of intermediate S

as a coloriess syrup.

Exampte 19: Intermediate T

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
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.

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.
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
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sultate) and concentrated under reduced pressure. Toluene was added and the
solvent removed under reduced pressure to give an oil which was used in the next

transformation without further purification.

am, : Intermedi

To a cooled (O °C) solution of intermediate U (2 mmot) in methylene chioride

(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
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.

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
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.
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: Inte: - iate X
A solution of interrhediate W (1.02 mmol) and cis-vaccenic acid (575 mg)
was dissoived in toluene (5 mL) three times and the solvent removed under
reduced pressure. The dried residue was dissolved in methylene chloride (3 mL)
and 1-(3-dimethylaminopropyl)-3-ethyicarbodiimide hydrochloride (780 mg) was
added and the mixture stirred for 3 hours. The mixture was diluted with methylene
chioride and chromatographed directly to give 734 mg of intermediate X. Further

chromatography of the impure fractions gave an additional 58 mg of material.

e 24: i 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

was dried (sodium suifate) 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

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

chromatographed to give 660 mg of intermediate Z.
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Exampie 26: Compound 1

To a solution of tetrakis(triphenylphosphine)paliadium (0) (166 mg) in 2 mL
of tetfahydrofuran: 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
tetrakis(triphenylphosphine)patladium (0) was added. After an additional 1 1/2
hours, toluene was added and the solvent removed under reduced pressure. The
mixture was purified by chromatography on diethylamincethyicellulose. Thé

purified mixture was dissolved in 0.1 N aqueous sodium hydroxide, filtered through
a 0.45 y steriie filter and purified by HPLC on a YMC-Pack ODS-AP cotumn to give

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),
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

| 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_
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Intermediate G: 'H NMR (CDCl,) &: d, (1H), 3.9-3.7 (m, muitiple), 3.65 (t, 1H), 3.37
(s,3H), 3.2 (m,2H), 1.75 (g, 2H), 1.52 (s,3H), 1.4 (s,3H), 1.3 (broad m,multipie), 0.95
(s,9H), 0.9 (t,3H), and 0.2 (d,6H)
intermediate H: *H NMR (CDCI,) &: 4.58 (d,1H), 4.09 (m,2H), 3.9 (dd,1H), 3.75
(dd,1H), 3.7 (m,1H), 3.5 (t,1H), 3.37 (s,3H), 3.23 {t,1H), 3.05 (t,1H}, 1.8 (m,2H), 1.68
(m,1H), 1.5 (m,1H), 1.3 (broad m,multiple), 0.95 (s,9H), 0.9 (t,3H), 0.2 (d,6H)
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)

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!,) :5.95 (d,1H), 5.4 (d,2H), 5.25 Z(d,2H), 4.95
(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
(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,multiple), 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),
0.9 (1,3H), 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)
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intermediate Q: '"H NMR (CDCI,) &: 4.5 (d,1H), 3.82 (t,2H), 3.7 (m,2H), 3.6 (t,1H),
3.3 {(m,1H), 3.2 (t,1H), 3.05 (g,2H), 1.6 (m,2H), 1.3 (broad s,muitiple), 0.95 (s,9H),
0.88 (s,9H), 0.85 (t,3H), 0.2 (d,6H), 0.1 (d,6H)

Intermediate R: "H NMR (CDC1,) &: 5.9 (m, 1H), 5.4-5.25 (dd,2H), 4.75 (t,1H), 4.6
(d,2H), 4.45 (d,1H), 3.75 (q,1H), 3.7 (d,2H), 3.53 (q,1H), 3.38 (m,1H), 3.25 (1,1H),
3.15 (t,1H), 1.5 (t,2H), 1.25 (s, multiple), 0.95(s,9H), 0.85 (m,12H), 0.2 (s,6H), 0.07
(s,6H) "

Intermediate S:"H NMR (CDCL) 5: 5.9 (m, 1H), 5.4-5.25 (dd,2H), 4.75 (t,1H), 4.6
(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
(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) '

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 (g,1H), 3.9-3.65 (m,muiltipie),
3.6 (m,multiple), 3.45 (t,1H), 3.4 (,3H), 3.35 (s,2H), 3.28 (3H), 2.5 (t2H), 1.8
(m,2H), 1.6 (m,2H), 1.45 (m,2H), 1.3 (broad s,multiple), 0.85-0.8 (m,18H), 0.15
(d,6H)

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 (g,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,muitiple), 0.95-
0.8 (m,21), 0.15 (d,6H)

intermediate Y: "H NMR (CDCl,) 3: 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), 4.6 (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).
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BIOLOGICA| M

Both bacterial LPS and bacterial lipid A elicit production of tumor necrosis
factor (TNF), IL-18, IL-6 and IL-B as well as other cytokines and ceilular mediators
in human whole blood and in a human macrophage cell fines. Generation of
pathophysiclogical quantities of these cytokines has been found to piay an
important part in the initiation of the systemic inflammatory responsé syndrome and
saptic shock. The liposaccharide analogs described herein inhibit such LPS-

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

experiments.

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
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
immediately before addition of LPS or lipid A in CMF-HBSS (e.g., between O 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
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Génzyme (Cambridge, MA) following the instructions of the manufacturer, however,
any other standard ELISA kits may be utilized. Experiments were petformed in
triplicate at least twice.

The lipid A analogs inhibited LPS-induced production of TNF in human
whole blood in a concentration-dependent manner. Of the analogs tested,

Compound 1 was found to be one of the most effective compounds. The results of

this test are as shown in Figure 1. Compound 1 inhibits LPS-induced production of

TNF, exhibiting an IC50 of approximately 1.5 nM. Other analogs found to inhibit

LPS-induced TNF production included compound 2, compound 3, compound 4,
compound 5, compound 6, compound 7, compound 8, compound 9, and
compound 10. These compounds exhibited IC50s of between 1.5 nM and 159 nM.

Compound 1 also inhibited LPS-mediated induction of lL—é in HL-60 (human
macrophage-like) cells. Inhibition of IL-8 generation was complete at
concentrations of 1 nM and greater Compound 1 when either LPS or lipid A was -
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
maximum levels 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
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.



10

15

20

25

WO 96739411 _ 69 PCT/US96/09578

ample B: Persistenc c ounds in hu: [0}

Although some of the compounds of this invention are not rapidly removed
from the circulation, their activity diminishes with a halif life of 1-3 hours. In order to
maintain antagonistic efficacy, this 'rapid deactivation may require continuous
administration. The study of this deactivation has led to the development of an
assay to measure in vitro deactivation of drugs in human whole blood. This is
done by preincubating lipid A antagonists with blood for various periods of time
foliowed by addition of the LPS “chalienge” as described above, incubation for
three hours, and assay for released cytokines. A schematic for this assay is shown
in Figure 2. _

Using this assay, it can be demonstrated that B531, as described by Christ,
et al., U. S. application 07/935,050, "deactivates” (loses activity with increasing time
of preincubation). As shown in Figure 3, compound 1 also deactivates, but its
superior activity and decreased deactivation rate makes it as active after 6 hours as

B531 was just after its addition. These data are the average of 7 separate

. experiments run in triplicate.

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

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,
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
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cuiture plates for two to three hours and were then cultured with RPMI 1640

-~ medium containing 10% fetal calf serum and LPS (final concentration of 10 ng/mL)

was added as described above. To test inhibition, compounds of this invention (at
a concentration of between 0 and 100 uM) were added to the culture medium just
prior to LPS addition. Following a three-hour incubation period, guinea pig, mouse
and rat TNF levels and/or IL-6 levels were éssayed by ELISA, or by the cytolytic
bioassay described in Lymphokines 2:235, 1981 for TNF released from guinea pig
macrophages. In mouse peritoneal macrophages, Compound 1 provided effective
inhibition (ICs0 = 16 nM for IL-6 and 20 nM for TNF, respectively); in guinea pig
macrophages, the IC50 for TNF release was 0.3 nM and in rat peritoneal

niacrophages, the IC50 for release of TNF was 11 nM.

BCG-primed mice (Vogel, S. et al. J.. Immunology 1980, 724, 2004-2009)
were utilized as an in vivo assay system for monitoring the inhibitory effects of lipid
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
pyrogen-free 5% glucose sélution (Otsuka Pharmaceuticals Inc., Tokyo, Japan)

was administered intravenously through the tail vein of the BCG-primed mice. LPS

' v'vas' 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 uglmouée. Plasma was obtained one
hour pbst 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.
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Compounds of this invention effectively suppressed the production of TNF
following administration of LPS. Compound 10 and Compound 1 effectively
inhibited TNF production in vivo in mice (ED50s = 5 and 10.6 pg/mouse,
respectively). Compound 2, compound 3, compound 4, compound 5, compound 6,
compound 7, compound 8, and compound 9 also inhibited TNF production with
EDsgos between 10 and 200 pg/mouse with compounds 5, 6, and 7 giving ED50
values >100. |

in parallel experiments carried out in guinea pigs, these analogs were alsb
effective inhibitors of LPS-induced TNF production in vivo (optimum ED5Q's
between 2.3 and 6.1 pg/guinea pig for compound 1, compound 7, and compound
10.

THERAPY

The lipid A analogs described herein provide useful therapeutics for the
treatment or prevention of any LPS-mediated inflammation or disorder. Such
disorders include without limitation: endotoxemia (or sepsis syndrome) resulting
from a gram negative bacteremia (with its accompanying symptoms of fever,
generalized inflammation, disseminated. intravascular coagulation, hypotension,
acute renal failure, acute respiratory distress syndrome, hepatocellular destruction,
and/or cardiac failure); and LPS-mediated exacerbation of latent or éctive viral
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
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,
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between 0.01 - 50 mg/patient/day , more preferably, between 0.05 - 25 mg/patient/
day, and most preferably, between 1 and 12 mg/patient/day.

| The drug should be injected or infused as soon as possible when SIRS can
be diagnosed using clinical predictors such as the APACHE score (Knaus, et aj._,
1991 Chest 100: 1619-36 and Knaus, et al., 1993 JAMA: 1233-41) or other clinical
predictors. in addition, injection or infusion should commence as soon as possible

after exposure to endotoxin or diagnosis of systemic gram negative bacterial

 infection, especially if a mare rapid or early diagnostic indicator of systematic gram

negative infection becomes availabie. .

Prophylactic indications for use of these drugs may include their use when
e)1posure to endotoxin can be anticipated. This can occur when:

1) there is an increased probability of elevation of systemic {blood-borne)
endotoxin from systemic or localized gram negative bacterial infection (such as
during surgety);

2) there is an inc_:reased probability that b!odd levels of endotoxin may
increase. In the normal physiological state, endotoxin only minimally transiocates
across the gut endothelium into splanchnic circulation. This translocated endotoxin
is usually then cleared by the liver (and possibly other cells and 6rgans). fncreases
in biood endotoxin levels can occur when the rate of endotoxin clearance by the
fiver (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);
3) there is an acute or chronic exposure to axtarnally-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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workers in the grain industry, for example, in the American mid-west. Such
workers can be prophylactically treated, e.g., daily, by inhaling an aerosolized
formulation of the drug prior to beginning work in, e.g., fields or grain elevators.

For most other prophyiactic and therapeutic applications, IV infusion or bolus
injection will be used. Injection is most preferable, but infusion may be warranted
in some cases by pharmacokinetic requirements.

The treatment should be initiated as soon as possible after diagnosis of SIRS, and
should continue for at least three days, or when assessment of risk of mortality is reduced

an acceptable level.
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What is claimed is:

1. A compound of the formula:
Ra o o o) Al
AI"ITWTH

0 R

where R1 is selected from the group consisting of

O

K
J 4
0 ox

I/I\
3 K,

oA
L L

10

J
Q
’

15 J K

AR
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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;

R2 is straight or branched C5 to C15 alky!;

R3 is selected from the group consisting of

straight or branched C5 to C15 alkyl,

o

L

D e CH:CH-B,

N

A—CH=C—D

a E B=—=CH==CH=D gnd

RO A A
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>
=
[+ 1]
ln
|v)

where E is NH, O, S, 50, or SO0o; each A, B and D, independently, is straight or
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

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, |

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

CH,

4]

k]

O 7, s (Y meee. P OF

OH

AR T
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Pe— OH

OH , and
Qe Zowme COoH
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
RSO .
A TWTH
R R

10 | R4 R?

-—-—o
[~

“where R1 is selected from the group consisting of

0
§
15 J o,
0 OH
L /k
J K,

[0

e
A

* c L M S *
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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};

R3 is selected from the group consisting of

straight or branched C5 to C15 alkyl,

L

Ar— CHZ= CH-B'

H!llllj IR R
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A==~ CH==C—D

»
]
o

CR= CH-D’ and

where E is NH 0, S, S0, or SO2; each A, B and D, independently, is stralght or
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
is hydrogen or straight or branched C1 to C5 alkyl;

RS is selected from the group consisting of hydrogen, J',-J-OH, -J-O-K'-J"-OK",
and -J -O-PO(OH),» where each J' and K’, independently, is straight or branched
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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Al and A2, independently, are selectad from the group consisting of

OH,

s (omemres. Pomeme OVH

OH

Qe e Oeme P OH
on

o

I

P OH

OH , and

10 O——2——— CO,H

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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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

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

w
o~
_U/kv
20

(T
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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),;
Rlis s_elected from the group consisting of

i

L

J

LA

K and

L
L,

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

?

R3 is seiected from the group consisting of

o]

L

o
§
A—CH=(|:—D

B

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

% [ L M s *
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N

“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
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
I
L

[o} OH
L /k

J K’
Q

LA
LA,

where each J and Q, independently, is straight or branched , C1 to C5 alkyi, and K
is straight or branched CB8 to C15 alkyi;

R2 is straight or branched C8 to C15 alkyl;
R3S is

—C

Am—— CHZZ=CH-3B

AR 0 R A
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where A is straight or branched C5 to C12 alkyi and B is straight or branched C6 to
C12 alkyl;
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

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,
L
L

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 *
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0
N
A CHe= CH~=B
where A is straight or branched C8 to C12 alkyl and B is straight or branched C6 to
C10 alkyl; '
Rtis
/W

where U is straight or branched C2 to C4 aiky), V is straight or branched C5 to C10
alkyl and W is hydrogen or straight or branched C1 to C3 alkyl; 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 '
l(i\ [o]
CHz (CHz) 30CH3

R2is (CH,),CH;
R3 is

I
{CH3} 9= CH==CH=(CH3) 5CH3;

R4is

A 0 AR A
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H
o
{CH, ){k {CH3) ¢CH3 .
RS is -CH,; and
R6 is hydroxy.

18. A compound of claim 2 where A1 and A2 are -O-PO{OH),;
Rlis '

CI) OH
CH, {CH2) 19CH;>

R2 is (CH,),CH;;

R3is -
1
{CHz) 9— CH=CH~-(CH;) 5CH3;
Réis
H
o
{CHx) > {CH3) ¢CHa .
RS is -CH,;
REis hydroxy.

19. A compound of claim 2 where A1 and A2 are -O-PO(OH),; -
Rlis
0 0

L

CH3 (CH2) 19CH3

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

AN O
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R4is
H
o

(CH2)T > (CHp) CHy.
RS is -CH,; and
RS is hydroxy.
20. A compound of claim 2 where A1 and A2 are -O-PO(OH),;
Rlis

L
cr-lz/k {CHy) 10CH3
R2 is (CH,),CHy;
R3 is
i
(CHz) == CH== CH = (CHj) sCHj
R4is
o P CH;

{CH2) 2 (CHz) sCH; :
RS is -CH,; and
RS is hydroxy.
21. A compound of claim 2 where A1 and A2 are -O-PO(OH),;
Rlis

0 oH

|

CH; (CH32) 10CH;3

N O
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R2 is (CH,),CH;
RS is
I
(CHz) gw= CH==CH=(CH;) 5CH3; '
R4is |
CH
o’
{CH2)2 (CH;)sCH;;

RS is -CH;,; and
R6 is hydroxy.

PCT/US96/09578

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

Rlis

? o

L

CH;” ~ T~ {CHj)30CH3
R2 is (CH,),CH,;
RS is
I
| (CHz)9—CH= CH~(CHz)sCH;,
Rtis
N
(CH)2 (CHz)sC?Hs;

RS is -CH,; and

* [ L M H] *
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- R6 is hydroxy.

23. A compound of claim 2 having the following structure

OPO(OH)-‘.

MOW;II I I /“\)K,(cﬂzuscna

cu,(cﬂg)s O\NICHz)aCHs
CHaO

5

and pharmaceutically acceptable salts thereof.

24. A compound of claim 2 having the following structure

WOPOLH),
MO):OPN H Lg M/(c'wla
CHy(CHa)s -~ O ° \/\/ (CHa)sCH;
CHiO

10

and pharmacsutically acceptable salts thereof.

* c L M S *



