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ANTIVIRALS
Technical Field
This invention relates to the field of antivirals and in particular to HIV reverse
transcriptase inhibitors. The invention provides novel compounds, pharmaceutical
compositions comprising these compounds and methods for the inhibition of HIV

employing them.

Backeround to the invention

Of the pharmmaceuticals which have shown clinically relevant activity in the
inhibition of HIV reverse transcriptase in HIV treatment, most are nucleoside
analogues such as AZT, ddl, ddC and D4T. These nucleoside analogues are not as
specific as is desirable and thus have to be administered at relatively high dosage
levels. At these dosage levels, nucleoside analogues tend to be rather toxic, limiting

their long term use.

To overcome these problems of specificity and toxicity a number of non-nucleoside
inhibitors of the reverse transcriptase of HIV have been developed. For example
TIBO, a reverse transcriptase from Janssen inhibits HIV at nanomolar concentrations
and displays no clinically significant toxicity. Both TIBO and the non nucleotide
reverse transcriptase inhibitor nevirapine proceeded rapidly to phase II clinical trials
in patients. However it soon became apparent that these non-nucleoside inhibitors
rapidly select out HIV mutants in vivo which are resistant to the usual dosages of the
respective inhibitors. In the case of nevirapine for example, after only four weeks of
therapy virus isolated from patient serum was 100 fold less sensitive to the drug
compared with virus isolated from untreated patients (Drug Design & Discovery
1992 8 pp 255-263). A similar pattern has emerged for other non-nucicoside RT
inhibitors which have entered clinical trials, Merck’s L-697661 and Upjohn’s
delavirdine (1J-87201), namely that promising in vitro activity has rapidly produced
resistant HIV mutants when adminstered to patients. Notwithstanding this drawback
nevirapine and delavirdine have recently been registered for clinical use, although
limited 1o specific coadministration regimes in an attempt to retard resistance

development.
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Intemational patent application no WO 95/06034 describes a series of novel urea

derivatives which exhibit good in vitro activity against HIV reverse transcriptase and
good inhibition of HIV replication in cell culture. However practical deployment of
the compounds in WO 95/06034 is hampered by their poor pharmacokinetic
performance. Additionally, as with many non-nucleoside reverse transcriptase
inhibitors, the compounds presented in WO 95/06034 leave room for improvement in
the key parameter of slow resistance development and a favourable pattern of activiy

against HIV mutants generated by other antiviral regimes.

A poétcr of Oberg et al at the 1995 ICAR at Santa Fe disclosed inter alia a racemic
compound nominally within the abovementioned WO 95/06034 and having the

formula:

At the time the above depicted compound was regarded as of less interest than
thiourea variants having a2 methoxy/acetyl bearing phenyl ring. However, we have
now discovered that an alternative substitution pattern manifests an improved
resistance pattern in comparison to these prior art compounds in conjunction with
good pharmacokinetic performance and a prolonged time to virus resistance. The
invention thus provides inhibitors which combine the superior specificity of non-
nucleoside inhibitors with the clinical practicality missing from all prior art
inhibitors.

Brief description of the invention

In accordance with the invention there are provided compounds of the formula I
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wherein
R' is hale;

R*is cyano or bromo;

and pharmaceutically acceptable salts and prodrugs thereof.

The invention further provides pharmaceutical compositions comprising the
compounds of formula ] and pharmaceutically acceptable carriers or diluents
therefor. Additional aspects of the invention provide methods for the inhibition of
HIV comprising administering a compound of the formula [ to a subject afflicted
with HIV. The invention also extends to the use of the compounds of formula I in
therapy, such as in the preparation of a medicament for the treatment of HIV

infections.

In treating conditions caused by HIV, the compounds of formula I are preferably
administered in an amount to achieve a plasma level of around 10 to 1000 nM and
more preferably 100 to 500 nM. This corresponds to a dosage rate, depending on the
bioavatlability of the formulation, of the order 0.01 to 10 mg/kg/day, preferably 0.1
to 2 mg/kg/day. A typical dosage rate for a normal adult will be around 0.05t0 5 g
per day, preferably 0.1to2 g suéh as 500-750 mg, in one to four dosage units per
day.

A preferred subset of compounds within claim 1, particularly with regard to

pharmacokinetics, has the structure IA:
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where R'and R? are as defined above, including the pharmaceutically acceptable salts

and prodrugs thereof.

A further favoured subset of compounds within Formula I, particularly with regard to

ease of forming prodrugs, comprise compounds wherein R* is bromo.

Preferably R’ is chloro and more preferably fluoro. Suitable R? groups include

methyl, isopropyl, n-propyl and preferably ethyl.

As depicted above, the cyclopropyl ring is in the cis configuration, allowing two
enantiomers, 1S, 28 and 1R, 2R (respectively and non-conventionally denoted 2R,18

and 25,1R in SE 980016-7 and SE 9800113-4):

\‘\\ Yy,

- N
2R1R [ 218 H

Each of these enantiomers are potent antiretrovirals, although the different
enantiomers can display subtle differences in physiological properties. For instance
the 18, 28 and 1R,2R enantiomers can show a different pattern of metabolism within
the P450 system. The 18,2S enantiomer of compounds wherein R* is cyano is
particularly preferred as it appears unique in being able to avoid key components of
the P450 system. Other retroviral agents such as the HIV protease inhibitor ritonavir

interact extensively with the P450 system, leading to an array of undesirable
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physiological responses including extensive alteration of the metabolism of other co-
administered drugs. This is of particular concern with pharmaceuticals administered
for a chronic infection where patients can expect to take a number of pharmaceuticals

for years, if not decades.

Suitable prodrugs of the compounds of formula I include those of the formula II:

1 Rx
R 9 ~
N NN R
H H
0'(CH2-O)D—H—(CH2),,
© 0 H
R2 R
wherein
R!, R? and R* are as defined above,
R'isH, (CH,,,),,NRSR";

R*is H, C,-C, alkyl, (CH,),NR'R®, (CH,),C(=O)R’, (CH,,),0OH, OR’, halo, CF; or
CN; or

R’ and R* together define a 5 or 6 membered fused ring having 0-2 hetero atoms
and/or 0-2 unsaturated bonds and/or 0-2 substituents;

R’ is H, C,-C, alkyl, C(=O)R’ or a peptide of 1 to 4 amino acids;

R®is H, C,-C, alkyl; or

R® and R® together define a 5 or 6 membered ring having 0 or | additional hetero
atom and/or 0-2 unsaturated bonds and/or 0-2 substituents;

R’is H, C,-C,; alkytl, (CH,),NR’R®;

X and its encompassing circle define a 5 or 6 membered ring having 0 to 3
unsaturated bonds and/or 0 to 3 hetero atoms selected from S, O and N;

m is independently 1 or 2;

n is independently 0, 1 or 2;

and pharmaceutically acceptable salts thereof.
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Corresponding prodrugs of compounds wherein R* is chloro form a further aspect of

the invention.

The ring structure containing X, hereafier referred to the X-ring, may be saturated or
have 1-3 unsaturated bonds, including rings with an aromatic character. Preferred X-
rings include a cyclohexanyl or cyclohexenyl ring or more preferably a phenyl ring.
Other preferred X-rings include morpholino or more preferably a pyridyl ring.

Alternatively, X-ring may define a five membered ring such as pentenyl or pyrrolyl.

Suitable fused ring systems for the X-ring in the event that R* and R* join to form an
optionally hetero-containing ring include napthyl, quinolyl, tetrahydroisoquinolyl,
indolyl or benzimidazole ring systems. Suitable substituent rings for the X-ring in the
event that R* and R’ join to form a ring include morpholine and piperidino. These
fused or substituent rings may be may be optionally substituted with halo,
halomethyl, amino such as (CH,),NR’R®, C(=O)NR’R®, hydroxy, hydroxymethyl,
carboxy, carboxymethyl, C, ; alkyl, C,, alkoxy and the like.

The X-ring may be spaced frorn the adjacent carbonyl moiety by a methylene or
ethylene group which may be optionally substituted with substituents such as halo,
halomethyl, amino, amino methyl, hydroxy, hydroxymethyl, carboxy,
carboxymethyl, C,, alkyl, C, , alkoxy and the like. It is preferred that the X-ring is

adjacent the carbonyl.

Preferably the moiety represented by the X- ring system, R*, R? and, if present R*- R’
has a somewhat basic character. This can be achieved by selecting a suitably basic
heterocycle as the X- ring, such as pyridyl or benzopyridyl. Altematively or
additionally, one or more of R’ to R’ may comnprise a basic substituent such as a

primary, secondary or tertiary amine, an amino acid etc.
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Favoured R’ and/or R* groups include NH,, N(CH,), and NHC,-C, alkyl, such as
NHCH, or NHCH,CH,. Preferably R’ is in the meta position relative to the carbonyl
and its optional spacer, especially where the X-contaning ring is phenyl or R’ is in
the para position when the X-containing ring is heteroaromatic, such as pyrid-3-yl.
The currently preferred value for p and/or n is zero, that is the respective groups are

absent.

Prefeﬁed compounds of the invention include:

(18, 28)-N-[cis-2-(6-fluoro, 2-hydroxy, 3-propionylphenyl)-cyclopropyl]-N’-(5-
cyanopyrid-2-yi)-urea,

(18, 28)-N-[cis-2-(6-fluoro, 2-hydroxy, 3-butyrylphenyl)-cyclopropyl]-N’-(5-
cyanopyrid-2-yl)-urea,

(18, 28)-N-[cis-2-(6-fluoro, 2-hydroxy, 3-acetylphenyl)-cyclopropyl]}-N’-(5-
cyanopyrid-2-yl)-urea,

(18, 28)-N-[cis-2-(2-(3-aminophenylcarbonyloxy)-6-fluoro-3-propionylphenyl)-
cyclopropyl]-N'-(5-cyanopyrid-2-yl)-urea;

(18, 28)-N-[cis-2-(2-(3-aminophenylcarbonyloxy)-6-fluore-3-butyrylphenyl)-
cyclopropyl}-N'-(5-cyanopyrid-2-yl)-urea;

(18, 25)-N-{cis-2-(2-(3-aminophenylcarbonyloxy)-6-fluoro-3-acetylphenyl)-
cyclopropyl)- N'-(5-cyanopyrid-2-yl)-urea;

(18, 258)-N-{cis-2-(2-(3-ethylaminophenylcarbonyloxy)-6-fluoro- 3-propionylphenyl}-
cyclopropyl}-N'-(5-cyanopyrid-2-yl)-urea;

(18, 28)-N-{ ¢is-2-(2-(3-ethylaminophenylcarbonyloxy)-6-fluoro-3-butyrylphenyl)-
cyclopropyl]-N'-(5-cyanopyrid-2-yl)-urea;

(18, 28)-N-[cis-2-(2-(3-ethylaminophenylcarbonyloxy}-6-fluoro-3-acetylphenyl)-
cyclopropyl]-N'-(5-cyanopyrid-2-yi}-urea;

(18, 28)-N-{cis-2-(2-(3~-dimethylaminophenylcarbonyloxy)-6-fluoro-3-
propionylphenyl)-cyclopropyl}- N'-(5-cyanopynd-2-yl}-urea;
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(18, 28)-N-[cis-2-(2-(3-dimethylaminophenylcarbonyloxy)- 6-fluoro-3-
butyrylphenyi)-cyclopropyll- N'-(5-cyanopyrid-2-yl)-urea;
(18, 28)-N-[cis-2-(2-(3-dimethylaminophenylcarbonyloxy)-6-fluoro-3-acetylphenyl)-
cyclopropyl]- N'-(5-cyanopyrid-2-yl)-urea;

and pharmaceutically acceptable salts thereof.

Other preferred compounds include

(18, 28)-N-[cis-2-(2-(6-methylaminopyrid-3-ylcarbonyloxy)-6-fluoro-3-
propionyliphenyl)-cyclopropyl]- N'-(5-cyanopyrid-2-yl)-urea;

(18, 28)-N-[cis-2-(2-(6-methylaminopyrid-3-ylcarbonyloxy)- 6-fluoro-3-
butyrylphenyl)-cyclopropyl}- N'-(5-cyanopyrid-2-yl)-urea;

(1S, 28)-N-[cis-2-(2-(6-methylaminopyrid-3-ylcarbonyloxy)-6-fluoro-3-
acetylphenyl)-cyclopropyl]- N'-(5-cyanopynd-2-yl)-urea;

(18, 28)-N-[cis-2-{2-(6-aminopynd-3-ylcarbonyloxy)-6-fluoro-3-propionylphenyl)-
cyclopropyl]- N'-(5-cyanopyrid-2-yl)-urea;

(18, 28)-N-{cis-2-(2-(6-aminopyrid-3-ylcarbonyloxy)- 6-fluoro-3-butyrylphenyl)-
cyclopropyl}- N'-(5-cyanopyrid-2-yl)-urea;

(18, 28)-N-[cis-2-(2-(6-aminopyrid-3-ylcarbonyloxy)-6-fluoro-3-acetylphenyl)-
cyclopropyl]- N'-(5-cyanopyrid-2-yl)-urea;

and pharmaceutically acceptable salts thereof

Other convenient compounds of the invention include:

(1R, 2R)-N-{cis-2-(6-fluoro, 2-hydroxy, 3-propionylphenyl)-cyclopropyl}-N’-(5-
cyanopyrid-2-yl}-urea,

(1R, 2R)-N-[¢is-2-(6-flugro, 2-hydroxy, 3-butyrylphenyl)-cyclopropyl}-IN"-(5-
cyanopyrid-2-y)-urea,

(1R, 2R)-N-{cis-2-(6-fluoro, 2-hydroxy, 3-acetylphenyl}-cyclopropyl}-N*-(5-
cyanopyrtid-2-yl)-urea,
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(1R, 2R)-N-{cis-2-(2-(3-aminophenylcarbonyloxy)-6-flucro-3-propionylphenyl)-
cyclopropyl]-N'-(5-cyanopyrid-2-yl)}-urea;
(1R, 2R)-N-[¢is-2-(2-(3-aminophenylcarbonyloxy)-6-fluore-3-butyrylphenyl)-
- cyclopropyl]-N'-(5-cyanopyrid-2-yl}-urea;
(1R, 2R)-N-[cis-2-(2-(3-aminophenylcarbonyloxy)-6-fluoro-3-acetylphenyl)-
cyclopropyl}- N'-(5-cyanopyrid-2-yl)-urea;
(1R, 2R)-N-[cis-2-(2-(3-ethylaminophenylcarbonyloxy)-6-fluore-3-
propionylphenyl)-cyclopropyl]-N‘-(5-cyanopyrid—2-yl)-urea;
(1R, 2R)-N-[eis-2-(2-(3-ethylaminophenylcarbonyloxy)-6-fluoro-3-butyrylphenyl)-
cyclopropyl]-N'-(5-cyanopynd-2-yl)-urea;
(1R, 2R)-N-[cis-2-(2-(3-ethylaminophenylcarbonyloxy)-6-fluoro-3-acetylphenyl)-
cyclopropyl]-N'-(5-cyanopyrid-2-yl)-urea;
(1R,2R)-N-[cis-2-(2-(3-dimethylaminophenylcarbonyloxy)-6-fluoro-3-
propionylphenyl)-cyclopropyl}- N'-(5-cyanopyrid-2-yl)-urea;
(1R, 2R)-N-[cis-2-(2-(3-dimethylaminophenylcarbonyloxy)- 6-fluoro-3-
butyrylphenyl)-cyclopropyl]- N'-(5-cyanopyrid-2-yl)-urea;
(1R, 2R)-N-[cis-2-(2-(3-dimethylaminophenylcarbonyloxy)-6-fluoro-3-
acetylphenyl)-cyclopropyl])- N'-(5-cyanopyrid-2-yl)-urea;

and their pharmaceutically acceptable salts.

Other convenient compounds include;

(1R, 2R)-N-[cis-2-(2-(6-methylaminopynd-3-ylcatbonyloxy)-6-fluore-3-
propionylphenyl)-cyclopropyl}- N'-(5-cyanopyrid-2-yl)-urea;

(IR, 2R)-N-{cis-2-(2-(6-methylaminopyrid-3-yicarbonyloxy)- 6-fluoro-3-
butyrylphenyl)-cyclopropyl]- N'-(5-cyanopyrid-2-yl)-urea;

(1R, 2R)-N-[cis-2-(2-(6-methylaminopynd-3-ylcarbonyloxy)-6-fluoro-3-

acetylphenyl)-cyclopropyl}- N'-(5-cyanopyrid-2-yi)-urea;
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(1R, 2R)-N-{cis-2-(2-(6-aminopyrid-3-ylcarbonyloxy)-6-fluoro-3-propionylphenyl)-
cyclopropyl}- N'-(5-cyanopyrid-2-yl)-urea,

(1R, 2R)-N-[cis-2-(2-(6-aminopyrid-3-ylcarbonyloxy)- 6-fluoro-3-butyrylphenyl)-
cyclopropyl}- N'-(5-cyanopyrid-2-yl)-urea;

(1R, 2R)-N-[cis-2-(2-(6-aminopyrid-3-ylcarbonyloxy)-6-fluoro-3-acetylphenyl)-
cyclopropyl}- N'-(5-cyanopyrid-2-yl)-urea;

and pharmaceutically acceptable salts thereof.

Preferred compounds of the invention include
(18, 28)-N-[cis-2-(2-(6-fluoro, 2-hydroxy, 3-propionylphenyl)-cyclopropyl}- N'-(5-
bromopyrid-2-yl)-urea;
(1S, 28)-N-[cis-2-(2-(3-aminophenylcarbonyloxy)- 6-flucro-3-propionyiphenyl)-
cyclopropyl}- N'-(5-bromopyrid-2-yl)-urea;
(18, 25)-N-{cis-2-(2-(3-aminophenylcarbonyloxy)-6-fluoro-3-acetylphenyl)-
cyclopropyl]- N'-(5-bromopyrid-2-yl)-urea;
(18, 25)-N-[cis-2-(2-(3-aminophenylcarbonyloxy)-6-fluoro-3-butyrylphenyl)-
cyclopropyl]- N'-(5-bromopyrid-2-yl)-urea;
(18, 28)-N-{cis-2-(2-(3-ethylaminophenylcarbonyloxy)-6-fluoro-3-propionylphenyl)-
cyclopropyl]- N'-(5-bromopyrid-2-yl)-urea;
(18, 28)-N-[cis-2-(2-(3-ethylaminophenylcarbonyloxy)- 6-fluoro-3-acetylphenyl)-
cyclopropyl)- N'-(5-bromopyrid-2-yl)-urea;
(18, 28)-N-[cis-2-(2-(3-ethylaminophenylcarbonyloxy)- 6-fluoro-3-butyrylphenyt)-
cyclopropyl}- N'-(5-bromopyrid-2-yl)-urea;
(18, 28)-N-[cis-2-(2-(3-dimethylaminophenylcarbonyloxy)- 6-flucro-3-
propionylphenyl)-cyclopropyl}- N'-(5-bromopyrid-2-yl)-urea;

(1S, 28)-N-[cis-2-(2-(3-dimethylaminophenylicarbonyloxy)-6-fluoro-3-
acetylphenyl)-cyclopropyl])- N'-(5-bromopyrid-2-yl)-urea;
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(18, 28)-N-[cis-2-(2-(3-dimethylaminophenylcarbonyloxy)-6-fluoro-3-
butyrylphenyl)-cyclopropyl]- N'-(5-bromopyrid-2-yl)-urea;

(1R, 2R)-N-{cis-2-(2-(6-fluoro, 2-hydroxy, 3-propionylphenyl)-cyclopropyl]- N'-(5-
bromopyrid-2-yl)-urea;

(1R, 2R)-N-{cis-2-(2-(3-aminophenylcarbonyloxy)- 6-fluoro-3-propionylphenyl)-
cyclopropyl]- N'-(5-bromopyrid-2-yl)-urea;

(1R, 2R)-N-[cis-2-(2-(3-aminophenylcarbonyloxy)-6-fluoro-3-acetylphenyl)-
cyc]obropyi]- N'-(5-bromopyrid-2-yl)-urea; |

(1R, 2R)-N-[cis-2-{2-(3-aminophenylcarbonyloxy)-6-fluoro-3-butyrylphenyl)-
cyclopropyl}- N'-(5-bromopyrid-2-yl)-urea;

(1R, 2R)-N-[cis-2-(2-(3-ethylaminophenylcarbonyloxy)-6-fluoro-3-
propionylphenyl}-cyclopropyl]- N'-(5-bromopyrid-2-yl)-urea;

(IR, 2R)-N-[cis-2-(2-(3-ethylaminophenylcarbonyloxy)- 6-fluoro-3-acetylphenyl)-
cyclopropyl]- N'-(5-bromopyrid-2-yl)-urea;

(1R, 2R)-N-{cis-2-(2-(3-ethylaminophenylcarbonyloxy)- 6-fluoro-3-butyrylphenyl)-
cyclopropyl]- N'-(5-bromopyrid-2-yl)-urea;

(1R, 2R)-N-[cis-2-(2-(3-dimethylaminophenylcarbonyloxy)- 6-fluoro-3-
propionylphenyl)-cyclopropyl]- N'-(5-bromopyrid-2-yl)-urea;,

(1R, 2R)-N-[¢is-2-(2-(3-dimethylaminophenylcarbonyloxy)-6-fluoro-3-
acetylphenyl)-cyclopropyl]- N'-(5-bromopyrid-2-yl)-urea;
(1R, 2R)-N-[¢is-2-(2-(3-dimethylaminophenyicarbonyloxy)-6-fluoro-3-
butyrylphenyl)-cyclopropyl}- N'-(5-bromopyrid-2-yl)-urea;

and their pharmaceutically acceptable salts.

Further preferred compounds include:
(18, 28)-N-[cis-2-(2-(6-methylaminopynd-3-yicarbonyloxy)-6-fluoro-3-

propionylphenyl)-cyclopropyl]- N'-(5-bromopyrid-2-yl)-urea;
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(18, 2S)-N-[cis-2-(2-(6-methylaminopyrid-3-yicarbonyloxy)- 6-fluoro-3-
butyrylphenyl)-cyclopropyl]- N'-(5-bromopyrid-2-yl)-urea;
(18, 28)-N-[cis-2-(2-(6-methylaminopyrid-3-ylcarbonyloxy)-6-fluoro-3-
acetylphenyl)-cyclopropyl}- N'-(5-bromopyrid-2-yl)-urea;
(18, 28)-N-[cis-2-(2-(6-aminopyrid-3-ylcarbonyloxy)-6-fluoro-3-propionylphenyl)-
cyclopropyl]- N'-(5-bromopyrid-2-yl)-urea;
(18, 28)-N-{cis-2-(2-(6-aminopyrid-3-ylcarbonyloxy)- 6-fluoro-3-butyrylphenyl)-
cyc]dpropyl]- N'-(5-bromopyrid-2-yl)-urea;
(1S, 28)-N-[eis-2-(2-(6-aminopyrid-3-ylcarbonyloxy)-6-fluoro-3-acetylphenyl)-
cyclopropyl}- N'-(5-bromopyrid-2-yl)-urea;

(IR, 2R)-N-{cis-2-(2-(6-methylaminopyrid-3-yicarbonyloxy)-6-fluoro-3-
propionyiphenyl)-cyclopropyl]- N'-(5-bromopyrid-2-yl)-urez;

(1R, 2R)-N-[cis-2-(2-(6-methylaminopyrid-3-ylcarbonyloxy)- 6-fluoro-3-
butyrylphenyl)-cyclopropyl]- N'-(5-bromopyrid-2-yl}-urea;

(1R, 2R)-N-[cis-2-(2-(6-methylaminopyrid-3-ylcarbonyloxy)-6-fluoro-3-
acetylphenyl)-cyclopropyl]- N'-(5-bromopyrnid-2-yl)-urea;

(1R, 2R)-N-[cis-2-(2-(6-aminopyrid-3-ylcarbonyloxy)-6-fluoro-3-propionylphenyl)-
cyclopropyl]- N'-(5-bromopyrid-2-yl)-urea;

(IR, 2R)-N-{cis-2-(2-(6-aminopyrid-3-ylcarbonyloxy)- 6-fluoro-3-butyrylphenyl)-
cyclopropyl}- N'-(5-bromopyrid-2-yl)-urea;

(1R, 2R)-N-{cis-2-(2-(6-aminopyrid-3-ylcarbonyloxy)-6-fluoro-3-acetylphenyl)-
cyclopropyl]- N'-(5-bromopyrid-2-yl)-urea;

and pharmaceutically acceptable salts thereof.
Appropriate pharmaceutically acceptable salts of the compounds of formula I include

salts of organic carboxylic acids such as acetic, lactic, gluconic, citric, tartaric,

maleic, malic, pantothentc, isethionic, oxalic, lactobionic, and succinic acids, organic
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sulfonic acids such as methanesulfonic acid, ethanesulfonic acid, benzenesulfonic
acid, p-chlorobenzenesulfonic acid and p-toluenesulfonic acid; and inorganic acids

such as hydrochloric, hydroiodie, sulfuric, phosphoric and sulfamic acids.

In keeping with the usual practice with HIV inhibitors it is advantageous to
co-administer one to three additional antivirals to provide synergistic responses and
to ensure complementary resistance pattems. Such additional antivirals may include
AZT; ddl, ddC, D4T, 3TC, abacavir, adefovir, adefovir dipivoxil, bis-POC-PMPA,
foscarnet, hydroxyurea, Hoechst-Bayer HBY 097, efavirenz, trovirdine, nevirapine,
delaviridine, PFA, H2G, ABT 606, DMP-450, loviride, ritonavir, saquinavir,
indinavir, amprenavir (Vertex VX 478), nelfinavir and the like, typically at molar
ratios reflecting their respective activities and bioavailabilities. Generally such ratio

will be of the order of 25:1 to 1:25, relative to the compound of forrmula 1.

While it is possible for the active agent to be administered alone, it is preferable to
present it as part of a pharmaceutical formulation. Such a formulation will comprise
the above defined active agent together with one or more acceptable carriers and
optionally other therapeutic ingredients. The carrier(s) must be acceptable in the
sense of being compatible with the other ingredients of the formulation and not

deleterious to the recipient.

The formulations include those suitable for oral, rectal, nasal, topical (including
buccal and sublingual}, vaginal or parenteral (including subcutaneous, intlfamuscular,
intravenous and intradermal) administration. The formulations may conveniently be
presented in unit dosage form, e.g. tablets and sustaiﬁed release capsules, and may be

prepared by any methods well known in the art of pharmacy.‘
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Such methods include the step of bringing into association the above defined active
agent with the carrier. In general, the formulations are prepared by uniformly and
intimately bringing into association the active agent with liquid carriers or finely

divided solid carriers or both, and then if necessary shaping the product.

Formulations for oral administration in the present invention may be presented as
discrete units such as capsules, cachets or tablets each containing a predetermined
amount of the active agent; as a powder or granules; as a solution or a suspension of
the active agent in an aqueous liquid or a non-aqueous liquid; or as an oil-in-water

liquid emulsion or a water in oil liquid emulsion and as a bolus etc.

With regard to compositions for oral administration (e.g. tablets and capsules), the
term suitable carrier includes vehicles such as common excipients e.g. binding
agents, for example syrup, acacia, gelatin, sorbitol, tragacanth, polyvinyipyrrolidone
(Povidone), methylcellulose, ethylcellulose, sodium carboxymethylcellulose,
hydroxypropylmethylceliulose, sucrose and starch; fillers and carriers, for example
com starch, gelatin, lactose, sucrose, microcrystalline cellulose, kaolin, mannitol,
dicalcium phosphate, sodium chloride and alginic acid; and lubricants such as
magnesium stearate and other metallic stearates, stearic acid, silicone fluid, tale
waxes, oils and colloidal silica. Flavouring agents such as peppermint, oil of
wintergreen, cherry flavouring or the like can also be used. It may be desirable to add
a colouring agent to make the dosage form readily identifiable. Tablets may also be

coated by methods well known in the art.

Convenient carriers for oral dosing include liquid formulations in the form of
solutions, suspensions or emulsions, optionally encapsulated or otherwise presented
in unit dose form in a conventional manner. Favoured formulations include

acacla/ TWEEN/water, TWEEN/water, propylene glycol, vegetable oil (such as
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peanut, safflower, olive and the like) with 10-20% ethanol, vegetable 0il/Capmul

MGM, Capmul MCM/propylene glycol, methyl cellulose/water, vegetable

oil/stearoy! monoester of glycerol, vegetable oil/monounsaturated fatty acid ester of

glycerol and the like,

A tablet may be made by compression or moulding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing in a
suitable machine the active agent in a free flowing form such as a powder or
granules, optionally mixed with a binder, lubricant, inert diluent, preservative,
surface-active or dispersing agent. Moulded tablets may be made by moulding in a
suitable machine a mixture of the powdered compound moistened with an inert liquid
diluent. The tablets may be optionally be coated or scored and may be formulated so

as to provide slow or controlled release of the active agent.

Formulations suitable for topical administration include Jozenges comprising the
active agent in a flavoured base, usually sucrose and acacia or tragacanth; pastilles
comprising the active agent in an inert base such as gelatin and glycenn, or sucrose

and acacta; and mouthwashes comprising the active agent in a suitable liquid carrier.

Formulations suitable for topical administration to the skin may be presented as
ointments, creams, gels, and pastes comprising the active agent and a
pharmaceutically active carrier. An exemplary topical delivery system is a
transdermal patch containing the active agent. Other topical formulations include
antiseptic swabs which release the active agent upon the skin prior to invasive
procedures such as injection or capillary blood sampling. Such swabs neutralise HIV
in the blood or serum emanating from the invasive procedure thus assisting to

prevent transfer of HIV to health care workers via needle stick accidents. Such swabs
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may comprise a sterile surgical gauze pad soaked in a solution of the active agentina

volatile solvent such as ethanol and single packed in a sealed sachet.

Formulations for rectal or vaginal administration may be presented as a suppository
or pessary with a suitable base comprising, for example, cocoa butter or 2 salicylate.
Other vaginal preparations can be presented as tampons, creams, gels, pastes, foams
or spray formulations containing, in addition to the active agent, such carriers as are

known in the art to be appropriate.

Formulations suitable for nasal administration wherein the carrier is a solid include a
coarse powder having a particle size, for example, in the range 20 to 500 microns
which is administered in the manner in which snuff is taken, i.e. by rapid inhalation
from a container of the powder held up close to the nose. Suitable formulations
wherein the carrier is a liquid for administration, for example, as a nasal spray or as

nasal drops, inciude aqueous or oily solutions of the active agent.

Formulations suitable for parenteral administration include aqueous and non-aqueous
sterile injection solutions which may contain antioxidants, buffers, bacteriostats and
solutes which render the formulation i1sotonic with the blood of the intended
recipient; and aqueous and non-aqueous sterile suspensions which may include
suspending agents and thickening agents. The fonmulations may be presented in unit-
dose or multi-dose containers, for example sealed ampoules and vials, and may be
stored in freeze-dried (lyophilized) condition requiring only the addition of the sterile
liquid carrier, for example water for injection, immediately prior to use.
Extemporaneous injection solutions and suspensions may be prepared from sterile

powders, granules, and tablets of the kind previously described.
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A further aspect of the invention provides methods for the preparation of the

compounds of Formula I, in particular the cis enantiomers, comprising the Curtius

rearrangement of a compound of the formula:

and deprotection, wherein R', R’ and R* are as defined above and PG is an hydroxy-

protecting group.

The methods of the invention can further comprise the step of acylating with an

activated compound of the formula III:

8
R \ro Ra
@
R4 ,

where R’, RY, X and n are as defined above but are optionally protected, and R?

is hydrogen or a conventional activating group. Alternatively the method of the

invention may further comprise the step of alkylation with a compound of the

formula Hla:
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where n, R*, R* and X are as defined above, but where exposed amine, hydroxy

etc substituents being protected with conventional protecting groups.

Enantiomeric compounds of formula I may thus be prepared by the reaction scheme

below:
F OH 1. Propiony] chloride OMe
2. AICIy
3. Mel 5
CHO
F OMe =
PhyP=CH, F OMe
r————
o’ o
[
Lo o i
Wy LA \/ 1 . H CI - "-'I.rOH
0 2. LIOH )
OMe _— OMe

i :

N
=
F o = I "
WAV QPN BCl3 .
H H N ———p o
OMe oH
0 0

1. Ethylene
glycol
—_——

2, BuLi, DMF

EDA 4 equiv
Chiral ligand and CuOTf 5 mol %

CHCl5 !
0°,4h

1. DPPA, EtsN
2.+120 °C

3. 2-amino-5-cyanopyridine

10  The above scheme illustrates the preparation of a (1S, 28) compound of the invention

where R* is cyano, R'isF and R?is ethyl, but corresponding methodology is
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applicable to the other R*, R' and R® variants. The chiral ligand indicated for the

fourth step may compnise, for example, a compound of the formula:

Me Me
O O
[—m
_.\\\ N N
MGBC CMeS

Ta prepare the 1R, 2R enantiomer, the mirror image chiral ligand is employed.

Alternatively, the chiral ligand may be omitted in order to form the racemate.

Prodrugs of the formula IT wherein p is 0 can be synthesised by acylating a

compound of the formula I with with an activated compound of the formula III,

8
| R o\ro "
CHaln

4
R I

where R?, RY, X and n are as defined above but are optionally protected, and R*

is hydrogen or a conventional activating group.

Activated compounds of Formula III include the acid halide, acid anhydride,
activated acid ester or the acid in the presence of a coupling reagent such as
dicyclohexyl-carbodiimide. Representative activated acid derivatives include the acid
chloride, formic and acetic acid denived mixed anhydrides, anhydrides denved from
alkoxycarbonyl] halides such as isobutyloxycarbonylchloride and the like,
N-hydroxysuccinamide derived esters, N-hydroxyphthalimide derived esters,
N-hydroxy-5- norbornene-2,3-dicarboxamide derived esters, 2,4,5-trichlorophenol
derived esters and the like. Suitable optional protecting groups for compounds of
formula I11, especially 2ny constituent amines, include those groups intended to
protect the N-terminus of an amino acid or peptide or to protect an amino group

against undesirable reactions during synthetic procedures. Cornmonly used N-
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protecting groups are disclosed in Greene, "Protective Groups in Organic Synthesis”

(John Wiley & Sons, New York, 1981), which 1s hereby incorporated by reference.
N-protecting groups include acy! groups such as formyl, acetyl, propionyl, pivaloyl,
t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl, rifluoracetyl, trichloroacetyl, phthalyl,
o-nitrophenoxyacetyl, a-chlorobutyryl, benzoyl, 4-chlorobenzoyl, 4-bromobenzoyl,
4-nitrobenzoyl, and the like; sulfonyl groups such as benzenesulfonyl, p-
toluenesulfonyl, and the like, carbamate forming groups such as benzyloxycarbonyl,
p-chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl,
p-nitrobenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl,
3,4-dimethoxybenzyloxycarbonyl, 4-methoxybenzyloxycarbonyl,
2-nitro-4,5-dimethoxybenzyloxycarbonyl, 3,4,5-trimethoxybenzyloxycarbonyl,
1-(p-biphenylyl)- 1 -methylethoxycarbonyl, o,a-dimethyl-3,5-
dimethoxybenzyloxycarbonyl, benzhydryloxycarbonyl, t-butoxycarbonyl,
diisopropylmethoxycarbonyl, isopropyloxycarbonyl, ethoxycarbonyl,
methoxycarbonyl, allyloxycarbony), 2,2,2-trichloroethoxycarbonyl,
phenoxycarbonyl, 4-nitrophenoxycarbonyl, fluorenyl-9-methoxycarbonyl,
cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxycarbonyl,
phenylthiocarbonyl, and the like; alkyl gropus such as benzyl, triphenylmethyl,
benzyloxymethyl and the like; and silyl groups such as trimethylsilyl and the like.
Favoured N-protecting groups include formyl, acetyl, benzoyl, pivaloyl,
t-butylacetyl, phenylsulfonyl, benzyl, t-butoxycarbonyl (BOC) and
benzyloxycarbony! (Cbz).

The acylation is carried out with conventional esterification conditions such as
DMAP and DCC in a solvent such as dimethylformamide or pyridine. Optional
protecting groups may be removed with conventional techniques as comprehensively
discussed in Greene above, such as TFA, HCl(aq)/dioxane or hydrogenation in the

presence of a catalyst to give the compound of Formula II.

Compounds of the Formula II, wherein p is 1 can be prepared by reacting a
compound of the formula IIT with iodochloromethane or mixed dichloro/iodochior
methane under conventional alkylating conditions to form a compound of the

Formula [Tla:
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R4
llla

where i, R?, R* and X are as defined above, but where exposed amine, hydroxy ete
substituents being protected with conventional protecting groups. The compound of
formula Illa is then preferably converted to the corresponding iodo derivative by
reaction with Nal followed by coupling to the compound of formula I, typically

under basic conditions, such as an organic solvent containing sodium hydride.

Detailed Description

Aspects of the invention will now be illustrated by way of example only with
reference fo the following non-limiting Examples and the Drawings in which;

Fig 1 depicts rate of resistance development against time for a
compound of the invention in comparison to a prior art compound, as described in
Biological Example 2;

Fig 2 depicts time vs plasma levels after oral administration to rats of a
compound of the invention or a prior art compound as described in Biological
Example 5;

Fig 3 depicts binding kinetics to reverse transcriptase of a compound of
the invention in comparison to a prior art compound, as assayed with surface

plasmon resonance methodology as described in Biological Example 10.
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Preparation of intermediates

Example |
3-[1.1-(Ethylenedioxv)propv]]-6-fluoro-2-methoxybenzaldehyde

To a solution of 3-fluorophenol (22.4 g, 0.2 mol), pyridine (24 ml, 0.3 mol) and
dichloromethane (200 ml) at room temperature was added 20 mi (0.225 mo!l)
propionyl chioride over a period of 5 min. The reaction was exothermic. The solution
was stirred for another 30 min. After addition of dichloromethane, the organic phase
was washed with sat. NaHCO3 solution and water, dried over MgSOy4 and
concentrated in vacuo. 33.8 g (100%) of 3-fluoro-1-propionyloxybenzene was
obtained. This compound was reacted with 33.3 g (0.25 mol) AICl3 at 150 °C for a
peniod of 10 min. After careful quenching with water, the reaction mixture was
extracted three times with ether. The ether phase was dried (MgSO4) and evaporated
to give 29.5 g (0.176 mol, 88%) rearranged product. This intermediate was dissolved
in 200 m] of acetone and K7CO3 (42, 0.3 mol) and Mel (25 ml, 0.4 mol) were added.
The reaction mixture was heated at 40 °C for a period of 12 h. The reaction mixture
was filtered and the acetone was evaporated. The residue was dissolved in ether and
the ether phase washed with a 0.5 M NaOH solution and water. Drying (MgSQOy4) and
evaporation gave 31.2 g (0.17 mol, 86 % yield for three steps) of 4-fluoro-2-

methoxypropiophenone.

To a solution of 4-fluoro-2-methoxypropiophenone (31.2 g, 0.171 mol), ethylene
glycol (10.5 mi, 0.188 mol) in benzene (300 ml} was added 1 g of p-toluenesulfonic
acid. The reaction mixture was refluxed in a Dean-Stark apparatus for about 12 h.
After cooling, the organic phase was washed several times with 2 1M NaOH solution
and dried (NapSO4 and K2CO3). The solvent was evaporated and about 38 g of the

acetal was obtained. The purity according to capillary GC was 88 % and the impurity
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was basically unreacted ketone. To a solution of the acetal in THF (450 ml) at -65 °C
and under nitrogen was added droppwise 128 ml (0.32 mol) of 2.5 M n-BuLi.. While
keeping the temperature at about -65 °C a solution of DMF (25 mi, 0.32 mol) in THF
(50 ml) was added. The reaction mixture was allowed to slowly reach room
temperature and according to GC no starting material was left after about 30 min.
After another 1h, the reaction mixture was quenched with sat. NH4Cl solution and
extracted three times with ether. After drying (NapS04) the residue was purified on a
silica gel column (silica gel 60 from Merck, particle size 0.04-0.0663 mm) eluting

with EtOAc 1 and hexanes 9 to give 10 g (25 %) of the title compound.

TH NMR (CDCl3) 6 0.85 (t, 3H), 2.1 (q, 2H), 3.8-3.95 (m, 2H), 3.97 (s, 3H), 4.0-
4.15 (m, 2H), 6.9 (t, 1H), 7.7-7.8 (m, 1H), 10.4 (s, 1H).

Example 2

3-[1.1-(Ethvlenedioxy)proovl]-6-fluoro-2-methoxystyrene

To a suspension of methyltriphenylphosphonium bromide (14.3 g, 40 mmol) in THF
{ 250 ml) at room temperature and under nitrogen was added 16 ml (40 mmol) of 2.5
M n-BuLi. To the almost obtained solution was then added 3-[1,1-(ethylenedioxy) -
propyl]-6-flucro-2-methoxybenzaldehyde (10 g, 39.5 mmol) in THF (30 ml). The
reaction mixture was then stirred at room temperature for 2 h and poured into a
mixture of hexanes and brine. The organic phase was washed two times with brine
and one time with water. After evaporation of the solvent, the residue was filtered
through a funnel filled with alumina (aluminium oxide 90 acc. Brockmann from
Merck) and eluting with EtOAc 1 and hexanes 9 in order to remove the formed
triphenylphosphonium oxide. Evaporation of the organic solvent gave a residue

which was finally purified on silica gel eluting with EtOAc 1 and hexanes 9 to give
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6.9 g (70 %) of the title compound with a purity of 94.5 % as determined by capillary
GC.

1H NMR (250 Mhz, CDCl3) & 0.85 (t, 3H), 2.1 (q, 2H), 3.8 (s, 3H), 3.8-3.95 (m,
2H), 4.0-4.1 (m, 2H), 5.55-5.65 (m, 1H), 5.95-6.05 (m, 1H), 6.7-6.85 (m, 2H), 7.3
7.4 (m, 1H).

Example 3

The ethyl ester of (18, 2R)-cis-2-[3-(1,1-ethylenedioxy)ethyl-6-fiuoro (2-methoxy-
phenyl)cyclopropylcarboxylic acid was prepared from 3-[1,1-(ethylenedioxy)
propyl]-6-fluoro-2-methoxystyrene (19.4 g, 69 mmol) and ethyl diazoacetate (29 ml,
275 mmol} using a asymmetric cyclopropanation reaction catalyzed by Cu(Itriflate
(679 mg, 1.35 mmol) and the chiral ligand ([2,2'-isopropylidenbis{(4R)-4-zert-butyl-
2-oxazoline)] (794 mg, 2.7 mmol) as generally described by Evans et a/ in
JAm.Chem.Soc. 1991, 113, 726-728. After silica gel chromatography, 9.4 g (40.5 %)
of the ethyl ester was obtained. The enantiomeric excess was 99% as determined by
HPLC on a chiral column. The ester was dissolved in 150 m) of dioxane and 30 ml of
6M HC] was added. The reaction mixture was stirred over night and partitioned
between ether and brine. The solvent was evaporated to give 19 g of crude produkt.
This product was dissolved in methano! (250 ml) and water (75 ml) and 6 g (250
mmol) of LiOH was added. The reaction mixture was heated to 90° C for 24 h and
most of the solvent was evaporated. The remaining mixture was acidified and

extracted three times with dichloromethane. Evaporation of the solvent afforded 11.2

g of the title compound.
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TH-NMR (250 MHBz, CDCl3) 8 1.15 (t, 3H), 1.59 (t, 2H), 2.10-2.17 (m, 1H), 2.22-

2.32 (m, 1H), 2.91 (q, 2H), 3.80 (st, 3H), 6.82 (1, 1H), 7.44-7.50 (m, 1H), 11.30

(broad s, 1H).

Example 4
1R.28Y-cis-2-(6-fluoro-2-methox

This compound was prepared from 3-[1,1-ethylenedioxy)propyl]-6-fluoro-2-
methoxystyrene as described for the acid in Example 3. The chiral ligand which was

used was 2,2’-isopropylidenebis[(4S)-4-terr-butyl-2-oxazoline],

"H NMR (250 Mhz, CDCL,) & 7.48 (q, 1H), 6.84 (t, 1H), 3.82 (s, 3H), 2.93 (q, 2H),
2.29 (g, 1H), 2.14 (q, 1H), 1.60 (m, 2H), 1.16 (t, 3H).

Preparation of compounds of Fonnula T and ]I

Example 5

(HIN-[cis-2-(2-(6-fluoro-2-hvdroxy-3-propionviphenvh-cyclonropvl - N'-(5-

cyanopvrid-2-vl)-urea

A solution of 3-[1,1-(ethylenedioxy)propyl]-6-fluoro-2-methoxystyrene (32.4 g,
Example 2) and copper bromide-dimethy! sulfide complex (0.30 g) in dichloroethane
(200ml) was heated to 80°C under nitrogen. Ethyl diazoacetate (54 ml) in
dichloroethane {600 ml) was added during 7 h. Afier the addition was complete the
heating was turned off. After 16 h the solvent was evaporated and the residue was
purified on silica gel eluting with ethyl acetate and hexanes to give the cis-ester

(6.5 g) '

The cis-ester (3.7 g, 10.9 mmol) was dissolved in ethanc} (20 ml) and KOH (1.8 g,
32.7 mmol) was dissolved in water (10 ml). The solutions were combined and heated
to reflux for 3 h. Water (30 mi) was added and the solution was washed twice with

hexanes (20 ml). The water phase was cooled in an ice bath and acidified with dilute
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HCI. The solution was extracted three times with toluene. The toluene phase was

dried (MgSO,) and evaporated to give 1.9 g (+)-cis-2-[3-(1,1-ethylenedioxypropyl)-
6-fluoro-2-methoxyphenyljcyclopropylearboxylic acid.

Triethylamine (59 pl, 0.43 mmol) and diphenylphosphory! azide (92 pl, 0.43 mmol)
was added to a solution of the acid (120 mg, 0,39 mmol) in dry toluene. The solution
was stirred at room temperature for 1 h and then heated to 120°C. After 1 h 2-Amino-
S-cyanopridine (51 mg, 0.43 mmol) was added. Heating was maintained for an
additional 3 h. After 16 h the solvent was evaporated, the residue was dissolved in
dichloromethane (30ml) , washed with dilute HCI, dried (MgSQO,) and evaporated to
give 152 mg. This product was dissolved in dioxane and HCI1 (6N, 1ml) was added.
After 2 h the mixture was evaporated, dissolved in dichlorometh.ane (25ml) , washed
with water (10+10 ml), dried MgSO,) and evaporated to give 117 mg. The residue
was purified on silica gel eluting with ethyl acetate and hexanes to give 37 mg 2-

methoxyphenyl intermediate product.

A 1M solution of boron tribromide in dichloromethane (194pl, 0.194 mmol) was
added to a solution of the 2-methoxyphenyl intermediate (37 mg, 0.097 mmol) in
dichloromethane at -60°C. After 10 min the cooling bath was removed and the
stirring was continued for 2 h. The solution was diluted with dichloromethane,
washed with dilute NaHCO, and water, dried (MgSQ,) and evaporated. The residue
was recrystallized from MeCN giving 17 mg of the title product.

'H-NMR (250 MHz, DMSO-d) 5 1.07-1.16 (m,4H), 1.41-1.50 (m, 1H), 1.91-2.01
(m, TH), 3.06-3.19 (m, 3H), 6.86 (dd, 1H), 7.43 (d, 1H), 7.80-7.90 (m, 1H), 7.97-8.08
(m, 2H), 8.32 (d, 1H), 9.83 (s, 1H), 13.2 (4, LH).

Example 6

Triethylamine (0.85 mL, 6.1 mmol) and diphenyl phosphory! azide (1.72 g, 6.1

mmol) was added to a solution of the acid prepared in Example 4 (1.47 g, 5.5 mmol)



10

15

20

25

36

WO 99/36406 PCT/SE9%/00053

27
in dry toluene (15 mL). The solution was stirred at room temperature under argon for

30 min and then heated to 120 °C, After 15 min a solution of 2-amino-3-
cyanopyridine (0.99 g, 8.9 mmol) in DMF (3 mL) was added and heating was
continued for 4 h. Toluene was evaporated, and the mixture was diluted with diethy!
ether {100 mL) and ethyl acetate (50 mL) and washed with 1 M HCI, H,O and brine.
The organic layer was dnied (Na,SO,) and concentrated. The residue was purified
with silica gel flash column chromatography by eluting with ethyl acetate/n-hexane

1:10 to 1:1 to give 1.6 g (66 %) of the 2-methoxyphenyl intermediate.

A 1 M solution of boron trichloride in CH,Cl,(11.0 mL, 11.0 mmo!) was added to a
solution of the 2-methoxyphenyl intermediate (1.40 g, 3.66 mmol) in CH,Cl, (80
mL) at - 72 °C under argon. After 10 min the cold bath was removed and the stirring
was continued for 1h 15 min. The solution was diluted with CH,Cl, and washed with
an aqueous solution of NaHCQ,, H,O and brine. The organic layer was dried
(Na,SO,) and concentrated. The precipifatc from acetonitrile/H,O 1:1 gave 0.62 g of
pure title compound. The residue was concentrated and the chromatography by
eluting with ethyl acetate/n-hexane 1:10 to 1:1 and ethyl acetate, and then
crystallization from acetonitrile gave 0.2 g of the title product. The yield 0.82 g (61
%). The ee was 95 % as determined by HPLC on a chiral column. {a],” -171.2° (c=
0.50, CH,ClL)

"H NMR (250 Mhz, CDCL,) 8 13.35 (d, 1H), 10.02 (br s, 1H), 9.40 (br s, 1H), 8.11 (s,
1H), 7.71 (m, 2H), 7.00 (m, 1H), 6.61 (t, 1H), 3.21 (m, 1H), 3.01 (g, 2H), 2.03 (m,
1H), 1.55 (m, 1H), 1.29 (m, 4H).

Example 7
2R)-N-

cvclopropvll- N'-(5-cyanopyvrid-2-yl}-urea

To a solution of the compound described in Example 6 (1.64 g, 4.4 mmol), BOC-
protected 3-aminobenzoic acid (1.6 g, 6.6 mmol) and 4-dimethylaminopyndine (269

mg, 2.2 mmol) in 20 ml of dichloromethane and 10 m! of DMF at room temperature
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and under argon was added 1.36 g (6.6 mmol} of DCC. The reaction mixture was

stirred for 24 hrs. The solvent was carefully evaporated and the residue purified on
silica gel using hexanes/ethy! acetate 1:1 as the solvent to give 2.6 g of BOC-
protected titie product. This product was added to 75 ml trifluoroacetic acid at 0 °C.
The mixture was then stirred at 0°C for 1 hour. The solvent was carefully removed in
vacuo. The residue was partitioned between ethylacetate and sat. potasium carbonate.
The organic phase was dried and evaporated. The residue was purified on a silica get
column using ethyl acetate/hexanes 4:1 as eluent to give 1.03 g of the free base of the
title compound. This intermediate was treated with 3 ml 1M HCl in ether and 0.84 g
of the titled compound was achieved. The HPLC purity was about 97 %.

1H-NMR liberated amine (250 MHz, CDCl3) 6 1.09 (1, 3H), 1.2-1.3 {m, 1H), 1.4-1.5

(m, 1H), 1.95-2.00 (m, 1H), 2.83 (g, 2H), 3.15-3.25 (m, 1H), 3.85 (s, 2H), 6.90 (dd,
2H), 7.09 (t, 1H), 7.20-7.27 (m, 1H), 7.44-7.46 (m, 1H), 7.56 (dd, 1H), 7.65-7.77 (m,
2H), 8.13 (d, 1H), .9.1 (broad s, 1H), 9.6 (broad s, 1H).

Example 8

cyvanopyrid-2-yl)-urea

Triethylamine (670ul, 4.8 mmol} and diphenyl phosphoryl azide (1.05 ml, 4.9 mmo})
were added to a solution of the acid prepared in example 3 (1.2 g, 4.5 mmol) in dry
toluene (10 ml) under nitrogen. The solution was stirred at room temperature for 30
min. and then heated to 120°C. After 15 min. a solution of 2-amino-5-cyanopyridine
(0.80 g, 6.7 mmol) in dimethy! formamide (1.5 ml) was added and the heating was
continued for 4 h. The solution was diluted with diethyl ether and washed with 1M
hydrochloric acid. The organic layer was dried (MgS0,) and concentrated. The
residue was purified by silica gel flash chromatography (gradient starting with n-
hexane:ethyl acetate 1:1, finishing with pure ethyl acetate) giving slightly unpure 2-
methoxyphenyl derivative (0.93 g). Repeated chromatography, as described above,
gave the pure 2-methoxyphenyl derivative. (0.70 g, 41%).
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A IM solution of boron trichioride in methylene chloride (5.5 mi, 5.5 mmol) was

added to a solution of the 2-methoxyphenyl intermediate (700 mg, 1.8 mmol) in
methylene chloride at -60°C. After 10 min. the cold bath was removed and the
stirring continued for 2 h. The solution was diluted with methylene chloride and
washed with an aqueous solution of sodium hydrogen carbonate. The organic layer
was dried (MgS0,) and concetrated and the residue was purified by silica gel flash
chromatography (gradient, n-hexane: ethyl acetate 2:1, 1:1, 1:2, ethyl
acetate:methanol (8:1) giving the title compound (500 mg, 74%).

[a],” + 165.0° (C = 0.5, CH,CL,).

"H-NMR (DMSO-d,) 8 1.10-1.16 (m, 4H, CH;, CH,-cyclopropyl), 1.45 (d4, 1H,
CH,-cyclopropyl), 1.96 (g, 1H, CH-cyclopropyl), 3.10-3.19 (m, 3H, CH-cyclopropyl,
CH,), 6.85 (t, 1H, Ar), 7.43 (d, 1H, Ar), 7.86-8.07 (m, 3H), 8.32 (s, 1H), 9.83 (s,
1H), 13.22 (s, 1H, Ar-OH).

Example 9

cvelopropyl]-N'-(S-cvanopynd-2-v-urea

Starting from the compound described in Example 6 and using the method descnibed
in Example 7 gave the titled product as the hydrochleride salt.

1H-NMR (250 MHz, DMSO-dg) & 0.94 (1, 3H), 0.9-1.0 (m, 1H), 1.3-1.4 (m, 1H),

1.85-1.95 (m, 1H), 2.91 (q, 2H), 3.05-3.15 (m, IH), 7.4-7.5 (m, 2H), 7.6-7.7 (m, 1H),
7.9-8.1 (m, 5H), 8.08 (d, 1H), 9.85 (s, 1H).
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Example 10

{18, 28)-N-(cis-2-( 6-ﬂuoro—2-hvdroxv-3.-0r®ionvlphenvi)-cvc]omonvl)—N‘-( 5-

bromopyrid-2-yl)-urea

(18, 2R)-cis-2-(6-fluoro 2-methoxy-3-propionylphenyl)cyclopropylcarboxylic acid
(3.0g, 11.3 mmol), triethylamine (1.58 ml, 11.3 mmol)and diphenylphosphoryl azide
(2.44 m], 11.3 ml) were dissolved in dry toluene (8 ml) at room temperature and

under an atmosphere of argon. The reaction mixture was stirred at room temperature

- for a period of 30 min whereafter the the temperature was increased to 120 °C and

kept there for another 15 min. Then, 2-amino-5-bromopyridine (2.08g, 12 mmol) was
added and the reaction mixture was stirred at 120 °C for 2.5 hrs. Benzene and 1M
HCI solution were added and the organic phase was evaporated. The residue was
purified on silica gel using hexanes:ethy] acetate 1:1 as the eluent. The appropriate
fractions were collected and 5.0 g of (1S, 25)-N-{cis-2-(6-fluoro-2-methoxy-3-
propionyl- phenyl) -cyclopropyl)-N'-(5-bromopyrid-2-yl)-urea was obtained. This
compound was dissolved in dichloromethane (100 1nl) and the solution was kept
under argon and cooled to -65 °C. Boron trichloride (30 ml of a 1M solution in
dichloromethane, 30 mmol) was added and the reaction mixture was allowed to reach
room temperature over night. Dichloromethane and sat. sodium bicarboante were
added. The organic phase was evaporated and the residue purified on silica gel using

ethyl acetate: methanol 9:1 as the eluent. 1.96 g (41%) of the title compound was

obtained.

Analysis: Calculated: C 51.2, H4.1,N 9.9. Found: C 51.5,H3.7,N 9.5.

Mp: 198-199 °C. [a]p22 + 149.8 ° (c= 0.50, CH,Cl,)

1H-NMR (250 MHz, CDCl3) § 1.28 (1, 3H), 1.52-1.62 (m, 2H), 1.94-2.05 (m, 1H),
2.97-3.06 (m, 2H), 3.17-3.20 (m, 1H), 6.60 (t, 1H), 6.76 (broad s, 1H), 7.57 (dd, 1H),
7.67-7.72 (m, 1H),7.83 (broad s, 1H) 8.53 (broad s, 1H), 13.32 (d, 1H).
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Example 11

(IR, 2R}-N-{cis-2-{6-flnoro-2-hvdrox y-3-propionviphenyh-cyclopropyl)-N’-(5.
prgmop' vridyl-2-y])-urea

An asymmetric cyclopropanation reaction, as described in Example 3, was performed
on the compound described in Example 2 using the chiral ligand 2,2°-
isopropylidinebis(4S)-4-rert -butyl-2-oxazoline (commercially available from
Aldrich). The obtained (1R, 25)-cis-2~(6-fluoro-2-methoxy-3-
propionylphenyl)cyclopropylcarboxylic acid was then used in a manner analogous to

Example 10 to give the title compound.

'H-NMR (250 MHz, DMSO-d,) & 1.05-1.15 (m, 1H), 1.12 {t, 3H), 1.40-1.50 (m, 1H),
1.90 (q, 1H), 3.00-3.10 (m, 1H), 3.12 (g, 2H), 6.82 (t, 1H), 7.18 (d, 1H), 7.78 (dd,
1H), 7.88 (broad s, 1H), 7.95-8.05 (m, 1H), 5.41 (broad s, 1H), 13.20 (s, 1H).
[a),2-153.8 ° (c=0.50, CH,CL)

Example 12

cvelopropvl]- N'-(5-bromeopyrid-2-v-urea

To a solution of the compound of example 10 (633 mg, 1.5 mmol), BOC-protected 3-
aminobenzoic acid (475 mg, 2 mmol) and 4-dimethylaminopyridine (123 mg, 1
mmol) in 20 ml of dichloromethane:DMF 1:1 at room temperatﬁrc and under argon
was added 415 mg (2 mmol) of DCC. The reaction mixture was stirred for 36 hrs.
The solvent was carefully evaporated and the residue purified on silica gel using
hexanes:ethy! acetae 1:1 as the solvent to give 811 mg of BOC-protected title
product. This product was dissolved in dioxane (20 ml} and 10 ml 6M HCl was
added and the mixture stirred over might. The solvent was carefully removed in
vacuo. The residue was treated with ethanol and ether and 255 mg of the titled

product was obtained as the HCI salt. The HPLC purity was about 93 %,
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TH-NMR (250 MHz, CD30D) 8 1.15 (t, 3H), 1.3-1.4 (m, 1H), 1.5-1.6 (m, 1H), 2.05-

2.15 (m, 3H), 3.04 (g, 2H), 3.23-3.27 (m, 1H), 7.16 (d, 1H), 7.34 (1, 1H), 7.85-7.93
(m, 2H), 8.05 (dd, 1H, 8.19(broad d, 1H), 8.26 (broad s,1H), 8.35-8.37 (m, 1H), 8.42-
8.46 (m, 1H). -

Example 13

(18, 28)-N-{cis-2-{2-(3-1 -alanylaminophenylcarbonyioxy)- 6-fluoro-3-

The starting compound, BOC-protected 3-L-alanylaminobenzoic acid, was prepared
from TCE-protected 3-aminobenzoic acid using standard chemistry, see for example
Bodanszky s "The Practice of Peptide Synthesis” 2nd edition, Springer. This
compound was reacted with the compound of Example 10 as described in Example

12 to give the title product as the HCI salt.

1H-NMR (250 MHz, liberated amine, CDCl3) & 1.10 (t, 3H), 1.15-1.25 (m, LH), 1.4-
1.5 (m, 1H), 1.42 (d, 2H), 1.76 (broad s, 2H), 1.88-1.97 (m, 1H), 2.84 (g, 2H), 3.1-
3.2 (m, 1H), 3.59-3.67 (m, 1H), 6.78 (d, 1H), 7.09 (t, 1H), 7.85-7.93 (m, 2H), 8.08
(d, 1H), 8.11 (s, 1H), 8.29 (broad s,1H), 9.05 (broad s, 1H), 9.70 (broad s, 1H).

Example 14

cvelopropyl}-N’-{5-bromopyrid-2-vljurea

In a manner analogous to Example 12, the product of Example 10 was condensed

with isonicotinic acid to give the titie product as the HCI salt.




15

20

30

WO 99/36406 PCT/SE99/00053

33
' NMR (250 MHz, CD,0D) § 9.26 (d,2H), 8.83 (d,2H), 8.14 (m.2H), 8.04 (dd,1H),

7.39 (t,1H), 7.10 (d,1H), 3.38 (m,1H), 3.08 (m,2H), 2.15 (m,1H), 1.62 (m,1H), 1.38
(m,1H), 1.13 (t,3H).

Example 15
{18.28)-N-{¢is-2-[2-(3-dimethylaminophenylcarbonvloxy)-6-fluoro-3-

ropionylphenvllevelopropyl}-N’-(5-bromopyrid-2-vljurea

In a manner analogous to Example 12, the product of Example 10 was condensed

with 3-dimethylaminobenzoic acid to give the title product as the HCl salt.

"H NMR (250 MHz, CD,0D) & 8.61 (s,1H), 8.45 (d,1H), 8.15-8.03 (m,4H), 7.92
(t,1H), 734 (t,1H), 7.10 (d,1H), 3.48 (s,6H), 3.28 (m,1H), 3.00 (m,2H), 2.11 (m,1H),
1.58 (m,1H), 1.38 (m,1H), 1.14 (1,3H).

Example 16

propionviphenvyli-cvclopropy!l- N'-(5-bromopvrid-2-v)-urea

3-t-butoxycarbonylamidomethylbenzoic acid was treated with tetrabutyl ammonium
hydroxide solution (1M in MeOH) to pH 9 and evaporated. The residue was
dissolved in dichloromethane and was treated with chloroiodomethane overnight.
The solution was washed with water and was evaporated to obtain crude
3-t-butoxycarbonylamidomethylbenzoyloxymethylchloride, This material was
reacted with the sodium salt of Example 10 (prepared with sodium hydride in DMF)
with a little sodium iodide as catalyst. After 2 hours reaction the solution was
quenched with acetic acid and was diluted with dichloromethane, washed with water
and evaporated. The crude product was purified on silica-gel by elution with
ethylacetate/hexane 1:2 and the pure material was treated with trifluoroacetic acid

and evaporated to obtain the trifluoroacetate salt of the title compound as a solid.
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TH NMR (CDCl3) & 1.1 (t, 3H) 1.3-1.5 (m,2H) 2.2 (q, 1H) 2.9 (m, 2H) 3.2 (bs,

1H) 4.2 (s, 2H) 5.9 (g, 2H) 6.8 (d, 2H) 7.0 (t, 1H) 7.3-8.1 (m, SH).

Example 17
18.,28)-N-(¢i.

clopropvh-N'-(5- onyvrd-2-vh-urea

(18,28)-N-(cis-2-(6-fluoro-2-hydroxy-3-propionylphenyl)-cyclopropyl)-
N'-(f;-bromopyrid-2-yl)-urea from Example 10 was condensed with 3-t-
butoxycarbonylamido-4-methylbenzoic acid according to the procedure in Example
12. The product was treated with trifluoroacetic acid and was evaporated to obtain a

the trifluoroacetic salt of the titie compound as a solid.

TH NMR (CDCl3) & 1.1 (t, 3H) 1.3-1.5 (m, 2H) 1.9 (q, 1H) 2.4 (s, 3H) 2.9 (q, 2H)
3.1(BS, 1H) 7.1¢, 1H) 7.4(d, 1H) 7.8 (m, 1H) 7.9 (m, 2H) 8.1 (s, 1H) 8.3 (s,
1H)

Example 18

The compound of Example 10 was condensed with 3-(N-ethyl-t-butoxy
carbonylamido)benzoic acid according to the procedure in Example 12 and the
product was treated with trifluoroacetic acid and evaporated to obtain the

trifluoroacetic salt of the title compound as a solid.

TH NMR (CDCl3) § 1.1 (t, 3H) 1.3-1.6 (m,5H) 2.9 (q, 2H) 3.1 (bs, 1H) 3.5 (g, 2H)

7.1 (1, 1H) 7.2 (bs, 1H) 7.6 (t, 1H) 7.7-7.8 (m, 2H) 7.9 (d, 1H) 8.1 (s, 1H) 8.2(q,
1H) 8.4 (s, 1H)
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Example 19
{15.258)-N-(cis-2-(2-guinolo-4-yloxy-6-fluoro-3-propionvilphenvl) cyclopropyl}-N'-

{5-bromopyrid-2-y)-urea

The compound of Example 10 was condensed with 4-quinolinic acid according to the
procedure in Example 12 and the product was dissolved in trifluoroacetic acid and

evaporated to obtain the acetic salt of the title compound as a solid.

1H NMR (CDCl3) 1.1 (t, 3H) 1.2 (m, 1H) 1.5 (m, 1H) 1.9 (m, 1H) 2.8 (g, 2H)
3.2 (bs, 1H) 6.7 (d, 1H) 7.2 (t, 1H) 7.5 (m, 1H) 7.7 (t, 1H) 7.8-8.0 (m, 2H) 8.2 (d,
1H) 8.3 (d, 1H) 8.8(d, 1H) 9.1 (m, 2H) 9.2 (bs, 1H)

Example 20
(18.2S)-N-(cis-2-(3-aminomethyl-2-methvibenzoyioxy)-fluoro-3-propionylphenv!)

cveclopropyl}-N'- S-brom nd-2-vli-urea

The compound of Example 10 was condensed with 3-t-butyloxycarbony! amido-2-
methylbenzoic acid according to the procedure in Example 12. The product was

treated with trifluoroacetic acid and evaporated to yield the title compound as a solid.
TH NMR (CDCl3) § 1.1 (t, 3H) 1.1-1.3 (m, 2H) 1.9 (m, 1H) 2.5 (s, 3H) 2.9 (q, 2H)

3.1 (bs, 1H) 4.2 (s, 2H) 7.0-7.2 (m, 2H) 7.4 (d, 1H} 7.6-7.7 (m, 2H) 7.8-8.0 (m,
2H) 8.2 (bs, 2H)

Example 21

henv}-cyclopropvl]l- N'-(5-bromopyrid-2-yl)-urea

4-(tert-butyloxycarbonylamidomethyl)benzoic acid was prepared by adding 6.5 g of

DCC to a solution of 4 g 4-cyanobenzoic acid in 200 m! MeOH. The mixture was
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stirred 70 hours at room temperature, filtered to remove the precipitated
dicyclohexylurea and the filtrate was concentrated in vacuo to yield 7 g a crude
product. The methy! ester was dissolved in 500 ml MeOH and 9.6 g CoCl,6H,0 was
added. The mixture was treated portionwise with NaBH,. After 5 h the reaction
mixture was concentrated and the precipitate was removed. The filtrate was acidified
with 150 ml 1M HCl (aq.) and extracted with 2x100 ml CH,Cl,. The acidic water
phase was treated with 100 ml 25 % NH; (aq.), extracted with 3x100 m! CH,Cl,,

dried with Na,SQ, and concentrated to give 2.64 g brownish oil.

The oil was dissolved in 30 ml dioxane/water mixture (2:1) and treated for 20 hours
with 1.5 g NaOH (s). Solvent was removed and 40 m! r-butanol/water mixture (1:1)
added. The solution was stirred 24 hours after addition of 3.7 g di-zers-butyl
dicarbonate, more water was then added and the mixture extracted with 2x50 m}
hexane. The water phase was acidified (pH ~ 1.5 - 2.0) with NaHSO, and extracted
with 3x75 ml ether. The pooled extracts were washed with 50 mi brine, dried with
Na,SO, and evaporated to yield the intermediate 4-(terz-butyloxycarbonyl-

amidomethyl}benzoic acid as a white solid.

4-(rert-butyloxycarbonylamidomethyl)benzoic acid and (18, 28)-N-(cis-2-(6-fluoro-
2-hydroxy-3-propionylphenyl)-cyclopropyl)-N'-(5-bromopyrid-2-yl)-urea from
Example 10 were condensed and the BOC-protecting group removed using the

method described in Example 12 to obtain the titled product as the hydrochloride

salt.

TH-NMR (250 MHz, CDCl,) & 0.98 (t, 3H), 1. 05-1.20 (m, 1H), 1.31-1.49 (m, 1H),
1.69-1.90 (m, 1H), 2.65 (q, 2H), 3.33-3.49 (m, 1H), 4.31 (broad s, 2H), 7.02-7.22 (m,
2H), 7.35-7.49 (m, 1H), 7.50-7.68 (m, 2H), 7.69-7.83 (m, 2H), 8.08 (d, 1H) 8.37
{broad s, 1H).
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Example 22

(18, 2SR}-N-[cis-2-(6-fluoro-2-{N-methylindol-5-carbonvloxy)-3-propionyiphenyl)-

" gvelopropyl]- N'-(5-bromopyrid-2-vl)-urea

i) Preparation of N-methylindol-S-carboxylic acid
0.1 g of indol-5-carboxylic acid was mixed with 2 equivalents of methyl
trifluoromethane sulfonate in 1 ml DMF at room temperature. After 5 h the solvent

was evaporated and "H-NMR was recorded:

1H-NMR (250 MHz, DMSO0-d,) § 2.76 (s, 3H), 6.57 (board s, 1H), 7.46-7.50 (m,
2H), 7.75 (dd, 1H), 8.23-8.29 (m, 2H), 11.56 (broad s, 1H).

i1) Preparation of title compound.

N-methylindol-5-carboxylic acid and (18, 28)-N-(cis-2-(6-fluoro-2-hydroxy-3-
propionylphenyl)-cyclopropyl)-N'-(5-bromopyrid-2-yl)-urea from Example 10 were
condensed using the method described in Example 12 to obtain the title product as

the hydrochlonde salt,

TH-NMR (250 MHz, CDCL,) & 1,08 (t, 3H), 1. 15-1.25 (m, 1H), 1.39-1.50 (m, 1H),
1.92-2.08 (m, 1H), 2.89 (g, 2H), 2.90 (s, 3H), 3.20-3.35 (m, 1H), 6.55 (broad s, 1H),
6.65 (broad d, 1H), 7.11 (1, 1H), 7.20-7.29 (m, 2H), 7.41 (dd, 1H), 7.72-7.83 (m, 2H),
7.95 (dd, 1H), 8.51 (broad s, 1H), 9.25 (broad s, 1H), 9.43 (broad s, 1H).
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Example 23

cvclopropyl]- N'-(5-bromopvrid-2-yl)-urea _

Indol-4-carboxylic acid and (1S, 25)-N-(cis-2-(6-fluoro-2-hydroxy-3-
propionylphenyl)-cyclopropyl)-N'-(5-bromopyrid-2-yl)-urea of Example 10 were
condensed using the method described in Example 12 to obtain the titled product as

the hydrochloride salt.

TH-NMR (250 MHz, CDCl,) 8 1.07 (t, 3H), 1. 17-1.30 (m, 1H), 1.31-1.47 (m, 1H),
1.90-2.10 (m, 1H), 2.89 (g, 2H), 3.02-3.18 (m, 1H), 6.75 (broad d, 1H), 7.00-7.35 (m,
4H), 7.55 (d4, 1H), 7.60 (d, 1H), 7.79 (dd, 1H), 7.89 (4, 1H), 8.10 (4, 1H), 9.27
(broad d, 2H).

Example 24

3-Amino-4-chlorobenzoic acid and (18, 28)-N-(cis-2-(6-fluoro-2-hydroxy-3-
propionylphenyl}-cyclopropyl)-N'-(5-bromopyrid-2-yl}-urea of Example 10 were
condensed using the method described in Example 12 to obtain the title product as

the hydrochloride salt.

1H-NMR (250 MHz, Jiberated amine, CDCL,) 8 1.10 (1, 3H), 1. 17-1.30 (m, 1H),
1.42-1.52 (m, 1H), 1.88-2.01 (m, 1H), 2.88 (q, 2H), 3.19-3.31 (m, 1H), 4.25 (broad s,
2H), 6.80 (broad d, 1H), 7.09 (¢, 1H), 7.35 (t, 1H), 7.48-7.60 (m, 2H), 7.66 (d, 1H),
7.73-7.88 (m, 2H), 9.25 (broad s, 2H).
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Example 25

cvclopropyll- N'-(5-cyanopyrid-2-yl)-urea

=N
A’N)LN SN
H H

0] —N

N aY;

A dried mixture of the compound of Example 8 (50 g, 0.68 mmol), NN -
dicyclohexylcarbodiimide (0.168 g, 0.81 mmol), nicotinic acid (0.1 g, 0.81 mmol)
and 4-(dimethylamino)pyridine (0.041 g, 0.34 mmol} was dissolved in CH,Cl, (5 ml)
and N,N-dimethylformamide (DMF) (2.5 ml). The mixture was then stirred at room
temperature. After 20 h. the mixture was filtrated and dried in vacuum, then re-
dissolved in a minimum amount of dichloromethane and filtrated. The clear solution
was evaporated onto silica and purified by chromatography (ethyl acetate) to give
the title compound (0.168 g, 50 %). An analytical sample was obtained by re-

crystallisation from chloroform-hexane.

"H NMR (CDC1,): 9.89 (br s, LH), 9.41 (m, 1H), 9.33 (br s, 1H), 8.86 (dd, 1H), 8.46
(dt, 1H), 8.18 (d, 1H), 7.80 (dd, 1H), 7.71 (dd, 1H), 7.49 (ddd, 1H), 7.13 (t, 1H) 6.92
(d, 1H) 3.18 (m, 1H), 2.88 (g, 2H), 1.99 (m, 1H), 1.52 (m, 1H), 1.25 (m, 1H), 1.13 (t,
3H).
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Example 26
{1R_2R)-N-[cis-2-(6-fluoro-2-(pyrid-3-yicarbonyloxy)-3-propionylpheny!-
cyclopropyll- N'-(5-cyanopyrid-2-yl)-urea

F o /!“_
)‘L\
O N N N
H H
'e) [\
—
0 N

A dried mixture of the compound of Example 6 (0.1 g, 0.27 mmol), N,N -
dicyclohexylcarbodiimide (0.067 g, 0.33 mmol) and nicotinic acid (0.037 g, 0.3
mmol) was suspended in dichloromethane (2 ml). A minimum of DMF was added
dropwise to obtain a reasonably clear solution. 4-(dimethylamino)pyridine (0.016 g,
0.14 mmol) was then added. The reaction mixture was stirred in room temperature.
After 20 h the solvent was evaporated in vacuum and the crude residue was
dissolved in aqueous hydrochloric acid (pH 1-2) and filtrated. The clear solution was
then made slightly alkaline with sodium hydrogen carbonate and the precipitated
product was filtered of. Purification by chromatography (dichloromethane-methanol,
15:1) gave the title compound 0.072 g (56 %).

'H NMR (CDCL,): 9.85 (br s, 1H), 9.42 (s, 1H), 9.35 (br s, 1H), 8.86 (d, 1H), 8.47
(dt, 1H), 8.18 (4, 1H), 7.81 (dd, 1H), 7.71 (dd, 1H), 7.48 (dd, 1H), 7.13 (, 1H), 6.92
(d, 1H), 3.19 (m, 1H), 2.91 (g, 2H), 1.99 (m, 1H), 1.49 (m, 1H), 1.24 (m, 1H), 1.13
{t, 3H).
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Example 27
18,28)-N-{cis-2-

The compound of Example 8 (0.37 g, 1.0 mmol), NN -dicyclohexylcarbodiimide
(0.25 g, 1.2 mmol), 4-dimethylaminopyridine (0.06 g, 0.5 mmol) and 3-(N-ethyl-N-
butoxycarbonyl) aminobenzoic acid (0.320 g, 1.2 mmol) (prepared by reductive
amination of 3-aminobenzoic acid, followed by protection of the amino group Ywere
dissolved in dichloromethane (8 ml) and DMF (3 mli}. The mixture was then stirred
at room temperature. After 18 h. the solvent was removed in vacuum and the crude
product was redissolved in dichloromethane and filtered. The clear solution was
evaporated onto sifica and chromatographed (ethyl acetate - hexane, 3:2) to give

sufficiently pure title compound (0.24 g, 39 %).

'"H NMR (CDCL,): 10.0 (br s, 2H), 8.20 (d, 1H), 8.06 (d, 1H), 8.03 (m, 1H), 7.77 (4,
1H), 7.70 (dd, 1H), 7.48 (m, 2H), 7.10 (t, 1H), 6.95 (d, 1H), 3.71 (q, 2H), 3.14 (m,
1H), 2.90 (q. 2H), 1.95 (q, 1H), 1.44 (s, 10H), 1.2- 1.09 (m, 7H).
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Example 28
18.28)-N-{cis-2-(2-

Trifluoroacetic acid (5 ml) was added to a stirred solution of the compound of
Example 27 (0.120 mg, 019 mmol) in dichloromethane (10 ml). The mixture was left
at room temperature for 1-2 h. then evaporated to dryness. The crude product was
purified on HPLC (prep. C-18 column, 40% water in acetonitril) to yield 0.045 g
(30%) of the title compound as the trifluoroacetate salt.

"H NMR (CDCL,): 11.08 (br s, 2H), 9.83 (br s, 1H), 9.36 (br s, 1H), 8.23-8.08 (m,
3H), 7.82-7.54 (m, 4H), 7.13 (t, 1H), 7.02 (4, 1H), 3.42 (q, 2H), 3.20 (m, 1H), 2.83
(g, 2H), 1.94 (g, 1H), 1.46 (m, 1H), 1.34 (t, 3H), 1.24 (m, 1H), 1.06 (t, 3H).

Example 29

=N
F q ¢
JAN |
""N/ILN SN
H R
o
O o
N.__
/

The compound of Example 8 (0.1 g, 0.27 mmol), N, N '-dicyclohexylcarbodiimide
(0.067 g, 0.33 mmol), 4-dimethylaminopyridine (0.016 g, 0.14 mmol) and 3-
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dimethylaminobenzoic acid (0.054 g, 0.39 mmol) were dissolved in dichloromethane

(3 ml) and DMF (1 ml). The reaction was left at room temperature for 16 h. The
solvent was then removed in vacuum and the solid redisolved in dichloromethane
and filtered. Purification by chromatography (ethy! acetate - hexane, 2:1) followed by
HPLC (C-18 column, 0.1 % TFA in acetonitril) yielded the title compound as the
triflucroacetate salt 0.1 g (58 %). |

"H NMR (CDCL,): 8.38-8.23 (m, 3H), 7.92- 7.69 (m, 4H), 7.15 (1, 1H), 7.05 (m, 1H),
3.32 (s, 6H), 3.26 (m, 1H), 2.89 (g, 2H), 2.02 (m, 1H), 1.55-1.27 (m, 2H), 1.10 (¢,
3H).

Example 30
{18.28)-N-{cis-2-(2-(3-1 -valinvlaminophenvicarbonyloxv)-6-fluoro-3-
opl envl)- 0 - N'-(5-cva id-2-vD)-urea

—=N

a) 3-(N-Boc-L-valyl)aminomethylbenzoate

0. ,0—

This intermediate is prepared analogously to Villaneuve & Chan, Tetrahedron Letters
1997 vol 37 6489-6492. A mixture of N-tert-butoxycarbonyl-L-valine (2.17 g, 10
mmol) and hexachloroacetone (1.32 g 5 mmol) in dichloromethane (20 ml) was
stirred under nitrogen and cooled down to -78 degree C. Triphenylphosphine (2.6 g,
10 mmol) in dichloromethane (10 ml) was added dropwise and the mixture was

stirred for 30 min. Methy] 3-aminobensoate (1.5 g, 10 mmol) in dichloromethane
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{10 ml) was then added dropwise followed by triethylamine (1 g, 10 mmol) in

dichloromethane. The reaction was then allowed to reach room temperature after
which the solvent was evaporated under vacuum. The residue was purified by silica
chromatography (hexane-ethyl acetate, 3:1) followed by recrystallization from ethyl

acetate-hexane to give 0.7 g (28 %) of the pure intermediate depicted z2bove.

'H NMR (CDC,): 8.30 (br s, 1H), 8.07 (d, 1H), 7.85-7.75 (m, 2H), 7.37 (¢, 1H), 5.15
(d, 1H), 4.05 (m, 1H), 3.91 (s, 3H), 2.26 (m, 1H), 1.48 (s, 9H), 1.03 (dd, 6H).

b) 3-(N-Boc-L-valyl)aminobenzoic acid

o) ?To‘*‘

The intermediate of step a) (0.65 mg, 1.8 mmol) was suspended in methanol (6 ml)

0. OH

Iz

and water (2 ml). Lithium hydroxide (0.11 g, 3.9 mmol ) was added and the mixture
was stirred for 24 h. at room temperature. Water (10 ml) was then added and the
volume reduced to half. The aqueous solution was washed with 10-20 ml of ethy]
acetate then acidified with aqueous hydrochloric acid. Extraction with ethyl acetate

(2 x 20 ml), drying and evaporation in vacuum yielded the pure intermediate depicted
above 0.524 g (84%).

"H NMR (CD,0D): 8.23 (t, 1H), 7.84 (d, 1H), 7.76 (d, 1H), 7.42 (t, 1H), 6.70 (d,
1H), 4.00 (m, 1H), 2.08 (m, 1H), 1.45 (a, 9H), 1.00 (d, 6H).
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¢) (18,25)-N-{cis-2-(2-(3-N-Boc-L-valinylaminophenvlcarbonvioxy)-6-
fluoro-3-propionylphenv-cvclopropyl]- N'-(5-cyvanopynd-2-y)-urea

The compound of Example 8 (0.23 g, 0.62 mmol), NN -dicyclohexylcarbodiimide
{0.153 g, 0.74 mmol), 4-dimethylaminopyndine (0.038 g, 0.3 mmol) and the
intermediate of step b) (0.25 g, 0.74 mmol} were dissolved in dichloromethane (% ml)
and DMF (3 ml). The reaction was left at room temperature for 19 h. The solvent was
10 then removed in vacuum and the solid redissolved in dichloromethane and filtered.
Purification by chromatography (ethyl acetate - hexane, 1:1) gave .029 g (67%) pure
N-protected title compound

'"H NMR (CD,OD): 8.56 (t, 1H), 8.27 (s, 1H), 7.98-7.82 (m, 4H), 7.53 (t, 1H), 7.23
15 (t, 1H), 7.10 (d, 1H), 3.98 (d, 1H), 3.09 (m, 1H), 2.90 (q, 2H ), 2.06-1.93 (m, 2H),
1.44 (m, 10H), 1.18-0.94 (m, 10H).

d)

20

The N-protected compound of step ¢ (0.16 g, 0.23 mmol) and thiophenol (0.054 g,

25 0.46 mmol) were dissolved in dichloromethane (6 ml) and cooled to 0 degree.

Trifluoroacetic acid (6ml) was added and the mixture was allowed to reach room
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temperature and left for 1 h. Evaporation to dryness followed by purification by

chromatography (dichloromethane-methanol, 10:1.5) gave 0.150 g ( 90 %) of the title
compound as the TFA salt.

'H NMR (CD,OD) 8.60 (s, 1H), 8.25 (d, 1H), 8.0-7.85 (m, 4H), 7.53 (t, 1H), 7.21 (1,
1H), 7.09 (d, 1H), 5.0 (m, 1H), 3.12 (m, 1H), 2.96-2.87 (m, 2H), 2.20 (m, 1H}, 1.97
(m, 1H), 1.46 (m, 1H), 1.09-1.03 (m, 10H).

Example 31

lcarbonvioxvyiphenvll cvclopropvl}-N’-(S-cvanopvrid-2-vilurea

N
=

AT O
A
H H

0

a) 6-ethylaminonicotinic acid

HO )/—CN)' S
N
K N\ 7/ H
This intermediate is prepared from 6-chloronicotinic acid and ethylamine by the

same procedure as described for Example 35 step a). 1-Butanol was substituted for

ethyl acetate for the extraction. Recrystallization (MeOH-CHCY,) yielded 0.53 ¢
(50%).

'H NMR (DMSO-d,): 12.1 (br s, 1H), 8.54 (d, 1H), 7.77 (dd, 1H),7.15 (1, 1H), 6.45
(dd, 1H), 3.33 (m, 2H), 1.14 (t, 3H).




10

15

20

WO 99/36406 PCT/SEY9/00053

b) - 2 - . .d-3-
lcarbonvioxviphenvll cvelopro -N’-(5-¢ id-2-viurea

//N

(8] ~

NS

W ‘N N N
OH H

8]

0 N
N,

The compound of Example 8 (0.1 g, 0.27 mmol), 6-ethylaminonicetinic acid, (0.084
g, 0.54 mmol), NN -dicyclohexylcarbodiimide (0.127 g, 0.62 mmol) and 4-
dimethylaminopyridine (0.016 g, 0.13 mmol) were dissolved in DMF (3 ml) and left
at ambient temperature. After 19 h. the solvent was removed by vacuum and the
residue suspended in dichloromethane and filterated. The solvent was removed and
the crude product was purified by chromatography (ethyl acetate-hexane, 2:1) to give
the title compound (0.063 g, 45 %).

'"H NMR (CDCl, ): 9.85 (brs, 1H), 9.25 (br s, 1H), 8.91 (d, 1H), 8.18- 8.02 (m, 3H),
7.76-7.67 (m, 2H), 7.65 (t, 1H), 6.96 (d, 1H), 6.37 (d, 1H), 5.40 (m, 1H), 3.37 (m,
2H), 3.19 (m, 1H), 2.8 (q, 2H), 1.98 (m, 1H), 1.49 (m, 1H), 1.28 (t, 3H), 1.15 (m,
1H), 1.10 (¢, 3H).
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Example 32
{15.28)-N-{ cis-2-[6-fluoro-3-propionvl-2-(5-bromopyvrid-3-vlcarbonvioxviphenvl]
cyclopropyl}-N'-(5-cyanopyrid-2-yljurea

//N
F O |
AV QPN
- ‘N N N
H H
0 —N
O \ /
0 Br

5-Bromonicotinic acid (0.065 g, 0.33 mmol), the compound of Example 8 (0.1 g,
0.27 mmol), N, N -dicyclohexylcarbodiimide (0.127 g, 0.62 mmol) and
4-dimethylaminopyridine {(0.016 g, 0.13 mmol) were dissolved in dichloromethane
10 (4 ml) and left at ambient temperature. After 19 h. the mixture was filtrated and the
solvent removed by vacuum. The crude product was purified by chromatography

(ethyl acetate-hexane, 1:1) to give the title compound (0.040 g, 27 %).

'H NMR (CDCL,): 9.80 (br s,1H), 9.30 (d, 1H), 9.17 (br s, 1H), 8.89 (d, 1H), 8.57
15 (dd, 1H), 8.57 (dd, 1H), 7.80 (dd, 1H), 7.70 (dd, 1H),7.12 (t, 1H), 6.83 (4, 1H), 3.25
(m, 1H), 2.87 (g, 2H), 2.00 {q, H), 1.50 (m, 1H), 1.24 (m, 1H), 1.12 (t, 3H).

Example 33

20
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a) 6-aminonicotinic acid, meth;? ester
0
Y T
H,N N/

6-Aminonicotinic acid (2 g, 22 mmol) was dissolved in methanol (10 ml) and
sulphuric acid (0.5 ml). The solution was refluxed over-night and the solvent was
evaporated under vacuum. The crude product was dissolved in water-EtOAc and
made alkaline by aqueous sodium hydrogencarbonate. Extraction by EtoAc yielded

the pure intermediate depicted above (2.3 g, 70 %).

'HNMR (DMSO-d,): 8.51 (dd, 1H), 7.81 (dd, 1H), 6.66 (br s, 2H), 6.45 (dd, 1H),
3.77 (s, 3H).

b) Methyl-6-butoxycarbonylaminonicotinate
o}
= O—
0 |
P
>—N N
0

The intermediate of step a) (0.75 g, 4.9 mmol) was dissolved in THF (5 ml). Sodium
bis(trimethyisilyl)amide (5 ml, 2 M in THF) was added dropwise. After stirring at
room temperature for 30 min. Di-tert-butyldicarbonate (1.1 g, 5 mmol) in THF (8 ml)
was added. The reaction mixture was left over-night under nitrogen atmosphere, The
solution was then evaporated under vacuum and dissolved in EtOAc (40 ml) and 0.1
M hydrochloric acid (100 ml). The layers were separated and the aqueous phase
were extracted twice with EtOAc (40 ml), then made slightly alkaline with aqueous
sodium hydrogencarbonate and extracted once again with EtOAc (20 ml). The
organic fractions were combined, dried over sodium sulphate and purified by
chromatography (EtOAc-hexane, 1:4) to give the pure intermediate depicted above
(0.5 g, 40 %0).
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'H NMR (CDC},): 8.93 (dd, 1H), 8.62 (s, 1H), 8.26 (dd, 1H), 8.06 {dd, 1H), 3.91 (s,

3H), 1.60 (s, 9H).

5 ¢ 6-t-butoxycarbonylaminonicotinic acid
O
NS OH
0 w
NP
O

The mntermediate of step c) (0.4 g, 1.6 mmol) was suspended in methanel (4 ml) and

10 water (1.25 ml). LiOH (0.1 g, 4 mmol) was added. The slurry was left at room
temperature for 48 h. The clear solution was then concentrated under vacuum and
dissolved in water and acidified with acetic acid (pH = 4-5). Extraction with EtQAc
gave the pure intermediate depicted above (0.27 g, 70 %).

15 'H.NMR (DMSO-d,): 9.98 (s, 1H), 8.74 (d, 1H), 8.18 (d, 1H), 8.88 (d, 1H), 1.49 (s,
SH).

d)

butoxvcarbonylamino-pyrid-3-ylcarbonvloxviphenvllcyclopropvl} -N’~(5-

20 cyanopyrid-2-yliurea

F 0 =
|
ANJ\N SN
H H
—N

o}_<:>'H
N\ /N0
0 0 O)/\ﬁ
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The compound of Example 8 (0.150 g, 0.41 mmol), the intermediate of step ¢} (0.17

g, 0.49 mmol), NN -dicyclohexylcarbodiimide (0.1 g, 0.49 mmol) and 4-
dimethylaminopyridine (0.06 g, 0.49 mmol) were dissolved in DMF (2 ml). The
mixture was stirred in room temperature overnight, then put in an 50 degree oil bath
for 2 h. Evaporation onto silica gel and purification by chromatography yielded the
N-protected title compound (0.048 g, 20 %).

"H.NMR (CDCL/CD,0D): 9.02 (s, 1H), 8.43 (dd, 1H), 8.22 (d, 1H), £.10 (d, [H),
7.81-7.75 (m, 2HD), 7.15 (t, 1H), 7.08 (d, 1H), 3.15-3.05 (m, 1H), 2.90 (q, 2H), 1.96
(m, 1H), 1.56 (s, 9H), 1.50-1.40 (m, 1H), 1.25 ~1.09 (m, 4H),

e) (13.28)-N- {cis-2-[6-fluoro-3-propionyl-2-(6-aminopynd-3-
carbonyloxyphenvl] cyclopr -N'-(§-cvan id-2-vllurea
F O =N
AN QPN
ot N N N
H H
O —N
NH2
o I\

The intermediate of step d) (0.048 g, 0.08 mmol) was dissolved in dichloromethane
(2 ml}. Trifluoroacetic acid (1 ml) was added and the mixture was stirred for 1 h.
Evaporation under vacuum yielded crude title compound. This product was dissolved
in ether (2 ml) and left to stand over night. The white precipitates formed were

filtrated off to give pure title compound as the trifluoracetate salt (0.032 g, 65 %).

"H.NMR (CD,0D/CDC,): 8.71 (d, 1H), 8.29 (dd, 1H), 8.16 (t, 1H), 8.82.7.74 (m,
2H), 7.20 7.10 (m, 2H), 6.96 (d, 1H), 3.25 (m, 1H), 2.86 (m, 2H), 1.96 (m, 1H), 1.52-
1.43 (m, 1H), 1.24-1.19 (m, 1H), 1.09 {t, 3H),
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Example 34
{18.258}-N- {cis-2-[6-fluoro-3-propionyl-2-(6-chioropyrid-3-vlcarbonvloxyiphenvl]
cvelopropvl}-N’-(5-¢yanopyrid-2-ylurea

N
F o) |
A QPN
‘N~ N7 N
H H
O ——N
Cl
o 4 \ 7

The compound of example 8 (0.15 g, 0.4 mmol), 6-chloronicotinic acid (0.076 g,
0.49 mmol), N,N -dicyclohexylcarbodiimide (0.1 g, .49 mmol) and 4-
dimethylaminopyridine (0.024 g, 0.2 mmol) were dissolved in dichloromethane (4
ml). The mixture was left over night. Evaporation under vacuum, purification by

chromatography (EtOAc-hexane, 1:2) yielded the title compound (0.067 g, 32 %).

'H.NMR (CDCL): 9.77 (br s, 1H), 9.18 (br d, 2H), 8.39 (dd, 1H), 8.14), 7.79 (dd,
1H), 7.71 (dd, 1H), 7.46 (d, 1H), 7.13 (1, 1H), 6.92 (d, 1H), 3.25 (m, 1H), 2.88 (q,
2H), 2.00-1.90 (m, 1H), 1.55-1.46 (m, 1H), 1.25-1.22 (m, 1H), 1.11 (t, 3H)

Example 35

Z
F 0 ‘
Ah, J'L o
e . N N N
H H
0 —N /
o \_/ N\
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a} 6-dimethylaminonicotinic acid
HO =N /
N
N\ 7/ '\

O

6-Chloronicotinic acid (0.5 g, 3.17 mmol) and dimethyl amine 10 ml, 40 % in water)
were heated in a sealed pressure vessel at 130°C for 6h. The solvent was then
removed and the residue was taken up in water and the pH was adjusted to 4-5.
Extraction with dichloromethane yielded the pure intermediate depicted above (0.1 g,
20 %).

'"H.NMR (CDCL): 8.87 (dd, 1H), 8.04 (dd, 1H), 6.49 (dd, 1H), 3.18 (s, 6H).

b) (18,28)-N-{cis-2-[6-fluoro-3-propionyl-2-(6-dimethylaminopyrid-3-
ylearbonyloxy)phenyl]cyclopropyl}-N’-(5-cyanopynd-2-yljurea

The compound of Exarhple 8 (0.13 g, 0.3 mmol), the intermediate of step a) (0.05 g,
0.3 mmol), N, N’-dicyclohexylcarbodiimide (0.09 g, 0.4 mmol) and 4-
dimethylaminopyridine (0.02 g, 0.18 mmol) were dissolved in dichloromethane (3
mi) and DMF (1 ml). The mixture was left overnight. Evaporation under vacuum and
purification by chromatography (EtOAc-hexane, 2:1) yielded the title compound
(0.06 g, 39 %).

'H.NMR (CDCL,): 10.10 (br s, 1H), 9.29 (br s, 1H), 8.18 (d, 1H), 8.12 (dd, 1H), 7.76-
7.60 (m, 2H), 7.06 (, 1H), 6.95 (d, 1H), 6.62 (d, 1H), 3.18 (m, 7H), 2.83 (g, 2H),
2.10-1.99 (m, 1H), 1.51-1.42 (m, 1H), 1.19 (m, 1H), 1.09 (¢, 3H).
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Example 36

(18, 283-N-[cis-2-(6-fluoro-2-0-3-propionylphenyl)-cyclopropyl}-N-(5-cyanopvrid-

2-v1) urea-O-4-hvdroxvbenzoate

2) 4-benzyloxybenzoic acid.
To a solution of 4-hydroxybenzdic acid (6.9g, 50 mmole) in 150 ml DMF was added
potassium tert.-butoxide (12.34g, 110 mmole) and the mixture was stirred at room
temperature for one hour. Benzyl bromide (20.5g, 120 mmole) was added and the
mixture was stirred for two days at room temperature. The mixture was evaporated
under reduced pressure and 100ml 1,4-dioxane and a solution of sodium hydroxide
(6.0g, 150 mmole)in 50 m] water was added. The mixture was refluxed for two
hours, cooled and evaporated under reduced pressure. Water was added and the
mixture was acidified with acetic acid. The product was filtered, washed with cold
water and dried. Yield: 10.2g = 89%.

b) 4-benzyloxybenzoyl chloride.

To a mixture of 4-benzyloxybenzoic acid (2.28g, 10 mmole) in 20 ml dried
dichloromethane were added five drops of DMF and 2.5 ml thionyl chloride. The
mixture was refluxed for three hours and evaporated under reduced pressure. Yield:
2.45g = 100%

c) (18, 2H)-N-[cis-2-(6-fluoro-2-O-3-propionylphenyl)cyclopropyl}-N’-
[2-(5-cyanopyrid-2-yl) urea O-4-benzyloxybenzoate.

To a solution of (18, 2S)-N-[¢is-2-(6-fluoro-2-hydroxy-3-propionylphenyl)
cyclopropyl}-N’~(5-cyanopyrid-2-yl) urea (184mg, 0.5 mmole) in 3 ml DMF was
added potassium tert. butoxide (78.5mg, 0.7 mmole) and the mixture was stirred for
one hour at room temperature. A solution of 4-benzyloxybenzoylchloride (185mg,
0.75 mmole) in 1m! DMF was added and the mixture was stirred overnight at room
temperature. 40 m] ethyl acetate were added and the organic phase was washed four
times with water, The solution was dried with sodium sulfate and evaporated under

reduced pressure. The product was isolated by silica gel column chromatography.
Yield: 180mg = 62%.
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'H-NMR (DMSO 3-6) 0.92 (m, 4H) 1.31(m, 1H) 1.85 (m, 1H) 2.82 {m, 2H) 3.06
(m, 1H) 5.26 (s, 2H) 7.20 (m 2H) 7.38-8.12 (m, 11H) 8.38 {m, 1H)

d) Synthesis of (1S, 28)-N-[cis-2-(6-fluoro-2-O-3-propionylphenyl)
cyclopropyl}-N'-(5-cyanopyrid-2-yl)] urea-O-4-hydroxybenzoate

A solution of (18, 28)-N-[¢is-2-(6-fluoro-2-0O-3-propionylphenyl)cyclopropyl]-N’-
(5-cyanopyrid-2-yl)urea-O-4-benzyloxybenzoate (170 mg, 0.29 mmole) in 15 mi
ethyl acetate and 15 mi methanol was hydrogenated with 10% palladium on charcoal
(30mg) three times at room temperature and normal pressure. The catalyst was
filtered and washed with ethy! acetate and methanol and the solution was evaporated
under reduced pressure. The product was isolated by silica gel column

chromatography. Yield: 100 mg = 70%.

'"H-NMR (DMSO 8-6) 0.93 (m, 4H) 1.32 (m, 1H) 1.88 (m,1H) 2.85 (m, 2H)
3.05 (m, 1H) 6.92 (m, 2H) 7.38 {m, 2H) 8.00 (m, 4H) 8.38 (m, 1H)

Example 37

cvanopyridyl}lurea-O-methvlene-4-hvdroxvbenzoate

a) Methyl-4-(4-methoxybenzyloxy) benzoate.

To a solution of methy] 4-hydoxybenzoate (6.85g, 45 mmole) in 80 m! DMF was
added potassium tert. butoxide (5.6 g, 51 mmole) and the mixture was stirred at room
temperature for one hour. 4-Methoxybenzyl chloride (8.3 g, 52 mmole) was added
and the mixture was stirred overnight at room temperature. The mixture was
evaporated under reduced pressure and 200 mli ethy] acetate was added. The organic
phase was washed four times with water, dried with sodium sulfate and evaporated

under reduced pressure. Yield: 12.3g = 100%

"H-NMR (CDCl,) 3.82 (s, 3H) 3.88 (s, 3H) 5.03 (s, 2H) 6.96 (m, 4H) 7.36 (d, 2H)
7.98 (d, 2H)
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b) 4- (4-methoxybenzyloxy} benzoic acid

To a solution of methyl 4-{4-methoxybenzyloxy) benzoate (12.2 g, 44.8 mmole) in
50 ml 1,4-dioxane was added a solution of lithium hydroxide ( 2.15 g, 89,6 mmole)
and the mixture was stirred overnight at 60°C. The mixture was evaporated under
reduced pressure and 5% acetic acid was added. The product was filtered, washed
with water and dried. Yield: 10.1g=87%

'H-NMR (DMSO 5-6) 3.74 (s, 3H) 5.08 (s, 2H) 6.92 (d, 2H) 7.06 (d, 2H) 7.36 (d,
2H) 7.90 (d, 2H)

c) Chloromethy! 4-(4-methoxybenzyloxy)benzoate

To a solution of 4-(4-methoxybenzyloxy) benzoic acid (5.16 g, 20 mmotle) in 100 m}
1,4-dioxane was added a 40% solution of tetrabutylammonium hydroxide (14.27 g,
22 mmole) and the mixture was stirred 2 hours at room temperature. The mixture was
evaporated under reduced pressure and co-evaporated two times with 1,4-dioxane
and two times with toluene. The dried product was dissolved in 60 m!
dichloromethane and iodochloromethane (35.3 g 200 mmole) was added. The
solution was stirred for two days at room temperature and evaporated under reduced
pressure. About 100 ml ethyl actate was added and the organic phase washed twice
with water, dried with sodium sulfate and evaporated under reduced pressure. The

product was isolated by silica gel column chromatography.Yield: 448 g = 73%

"H-NMR (CDCL,) 3.83 (s, 3H) 5.06 (s, 2H) 5.94 (s, 2H) 7.00 (m, 4H) 7.36 (d, 2H)
8.05 (d, 2H)

&) Jodomethyl-4-(4-methoxybenzyloxy) benzoate

To a solution of chloromethyl-4-(4-methoxybenzyloxy) benzoate (0.77g, 2.5 mmole)
in 15 m} dry acetone was added sodium iodide (1.87g, 12.5 mmole) and the mixture
was stirred overnight at room temperature. The mixture was evaporated under
reduced pressure and extracted with ethyl actate/water. The organic phase was
washed with a 5% sodium thiosulfate solution, dried with sodium sulfate and

evaporated under reduced pressure. Yield 0.86g = 86%
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'H-NMR (CDCL,) 3.84 (s, 3H) 5.05 (s, 2H) 6.14 (s, 2H) 6.98 (m, 4H) 7.36 (d, 2H)
8.00 (d, 2H)

e) (18, 28)-N-[cis-2-(6-fluoro-2-O-3-propionylphenyl (cyclopropyl]
-N'-[2-(5-cyanopyridylurea-O-methylene-4-(4-methoxybenzyloxy) benzoate.

To a solution of (15, 28)-N-{cis-2-(6-fluoro-2-hydroxy-3-propionylphenyl)
cyclopropyl]-N’-{2-(5-cyanopyridyl)jurea (368mg, 1 mmole) in 5 m! DMF was
added a suspension of 60% sodium hydride in mineral oil (44mg, 1.1 ramole) and the
mixture was stirred for one hour at room temperatare. A solution of iodomethyl-4-(4-
methoxybenzyloxy) benzoate (0.84 g, 2.1 mmole) in 2 ml THF was added and the
mixture was stirred overmight at room temperature. 50 m] ethyl acetate were added
and the organic phase was washed four times with water, dried with sodium sulfate
and evaporated under reduced pressure. The product was isolated by silica gel

column chromatography. Yield: 525 mg = 82%

'"H-NMR (CDCL,) 0.91 (m, 3H) 1.32 (m, 1H) 1.60 (m, 1H) 2.04 (m, 1H) 2.90 (m,2H)
3.20 {m, 1H) 3.82 (s, 3H) 5.04 (s, 2H) 5.84-6.06 (m, 2H) 6.91-8.18 (m,13H)

f) (18, 28)-N-[cis-2-(6-fluoro-2-O-3-propionylphenyl)cyclopropyl}-N’-
[2-(5-cyanopyridyl)]urea-O-methylene-4-hydroxybenzoate

To a solution of (15, 28)-N-[cis-2-(6-fluoro-2-O-3-propionylphenyl)cyclopropyl]N’-
[2-(5-cyanopyridylurea-O-methylene-4-(4-methoxybenzyloxy) benzoate (100 mg,
0.156 mmole) in 4 m) dichloromethane was added TFA (0.5 ml) and the solution was
stirred for one hour at room temperature. The solution was evaporated under reduced

pressure and the product was isolated by silica gel column chromatography.
Yield: 45mg = 55%

'"H-NMR (DMSO §-6) 0.84 (m, 3H) 1.10 (m, 1H) 1.48 (m, 1H) 2.12 (m, 1H)
2.80 (m, 2H) 3.19 (m, 1H) 5.85-6.02 (m, 2H) 6.84 (m, 2H) 7.18 (m, 1H) 7.46 (m,
2H) 7.74 (m, 2H) 8.04 (m, 2H) 8.38 (m, 1H)
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Example 39

(15.25)-N- {is-2-{6-fluorg-3-propionyl-2-(6-methylaminopyrid-3-

vicarbonvloxvphenvll evclopropvl}-N’-(5-cvanopvrid-2-vlurea

ALY
SN

This compound was prepared from 6-methylaminonicotinic acid 0.050g, 0.33 mmol)

and the compound of Example 8 (0.1g, 0.27 mmol) by the same procedure as for
Example 31. The crude product (containing the title compound and unreacted starting
material) was purified by chromatography (ethyl acetate) to give 0.030g (22 %) of

the title compound.

"H.NMR (CDCL): 9.8 (br s, 1H), 9.25 (br s, 1H), 8.90 (d, 1H), 8.20 (d, 1H), 8.10 (m,
1H), 7.72 (m, 2H), 7.08 (t, 1H), 6.9 (d, 1H), 6.37 (d, 1H), 3.20 (m, 1H), 2.95 (d, 3H),
2.85 (q, 2H), 1.95 (m, 1H), 1.48 (m, 1H), 1.10 (1, 3H).

Biological Example 1

Resistance pattern

Compounds of the invention were tested for antiviral activity against a number of
HIV strains, including wild type and known mutants arising from the use of other
non-nucieoside reverse transcriptase inhibitors as described in the review of Schinazi
at al, Intemational Antiviral News, vol 4 no 6, pp 95-107 (1996). Results are

presented in Table 1.
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TABLE 1
HIV strain Example 5 Example 6 Example 8 Prior art*
wild type 0.0012 0.0008 0.0007 0.0056
+/- 0.0004 +/- 0.0004 +/~ 0.0002 +/- 0.004
wild type 0.01 0.006 0.007 0.023
50% serum +/- 0.009 +/- 0.003 +/- 0.001 +/- 0.011
K103N 0.05 0.017 0.037 0.13
+/- 0.04 +/- 0.008 +/- 0.007 +/- 0.060
KI103N 0.38 0.17 0.39 0.5
50% serum +/- 0.31 +/- 0.07. +/- 0.3} +/- 0.6
Y181C 0.017 0.006 0.006 0.13
. +/- 0.018 +/- 0.002 +/- 0.001 +/- 0.02
Y181C 0.10 0.08 0.08 013
50% serum +/- 0.06 +/- 0.05 +/- 0.06 +/- 0.07
Y188L 0.13 0.08 0.06 0.17
+/- 0.07 +/- 0.06 +-0.02 +- 0.03
Y188L 1.5 0.9 1.0 1.9
50% serum +/- 0.9 +/- 0.05 +/- 0.05 +/- 1.5
L100I, Y181C | ND ND 0.34 1.0
+/- 0.06
L100I ND ND 0.00% 0.026
+/- 0.001 +/- 0.009
SI >41 600 22 500 87 000 5900
SI ND 8 830 4 285 800
50% serum

The assay included multiple determinations with XTT in MT-4 cells (Weislow et al,

J Nat Cancer Inst 1989, vol 81 no 8, 577 et seq) including determinations in the

presence of 50% human serum to indicate the contribution of protein binding. The

ED,, is presented in pg/mi. The initial data on the calculated therapeutic index (ST}

are also presented, defined as the dose producing 50% toxicity in the corresponding

HIV-free cells divided by the EDy,. The prior art compound, from the 1995 ICAR

Santa Fe is depicted above.

It will be apparent that the compounds of the invention, especially the enantiomers,

have EDy, values which are distinctly lower than hitherto known compounds,

including the values against the known problematic mutants K103N and Y181C, as

well as L100] and the double mutant L1001, Y181C. Furthermore the therapeutic
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indices for the enantiomers are 5 to 10 fold greater than the prior art compound.

These results should be seen in the context of HIV therapy where patients can expect

to take medication for many years, if not for the rest of their lives against the

notoriously resistance prone virus HIV. Thus a large SI is needed to avoid

cumulative toxicity, while at the same time allowing adequate dosing to maintain

therapeutic pressure and prevent the spontaneous generation of multiply resistant

HIV strains.

Biological Exampie 2

Time to resistance

2 x 10° MT4 cells per well in a microtitre plate are infected with 5-10 TCID,, of
HIV-1 5. The compounds being tested are added at concentrations around ED,,
using 8 duplicates per concentration. After 6 days of incubation the RT activity in

10p1 supemnatent is measured.

The following procedure is followed at subsequent passages of the cultures once per
week.: Virus produced at the concentration of test compound showing > 50% of the
RT activity of untreated infected cells (SIC, Starting Irhibitory Concentration) are
passaged to fresh MT4 cells. 15ul supematent from each of the eight duplicates are
transferred to cells without the test compound (control) and to cells with test

compound at the same concentration, and additionally two respectively fivefold
higher concentrations. (See Table 2 below)

When viral growth is permitted at the highest non-toxic concentration (5 - 40 pM),
2-4 paralle] wellg are coliected and expanded to give material for sequence analysis

and cross-wise resistance.
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TABLE 2
Viral growth permitted
Virus production inhibited
125 x SIC
125 x SIC 25 x SIC -»
25 x SIC 3x8SIC
| 25x SIC Sx8SIC -» Nocompound
25 x SIC 5xSIC —»  Nocompound
5x SIC SIC
SIC - o_compound
SIC — No compound
Pass 1 Pass 2 Pass 3 Pass 4 Pass 5
5
Figure 1 plots the growfh of vira) resistance for a compound of the invention
(Example 8) against time. Also plotted is the corresponding curve for the closest
Santa Fe compound, mentioned above. It will be apparent that the compounds of the
invention show a significantty slower rate of resistance development.
10

Biological Example 3

P450 metabolism

The metabolism of compounds of the invention through the main isoforms of the

15 human cytochrome system P450 were determined in baculovirus infected insect cells
transfected with human cytochrome P450 cDNA (supersomes) Gentest Corp.
Wobum USA.

The test compounds at concentrations 0.5, 5 and 50 uM were incubated in duplicate

20 in the presence of supersomes overexpressing various cytochrome P450 isoforms,
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including CYP1A2 + P450 reductase, CYP2A6 + P450 reductase, CYP2C9-Arg 144

+ P450 reductase, CYP2C19 + P450 reductase, CYP2D6-Val 374 + P450 reductase
and CYP3A4 + P 450 reductase. Incubates contain a fixed concentration of
cytochrome P450 (eg 50 pmoles) and are conducted over 1 hour. The involvement of
a given isoform in the metabolism of the test compound is determined by UV HPLC

chromatographically measuring the disappearance of parent compound.

After testing the three concentrations for 7.5 minutes, the %-age remaining figures
suggest that CYP3Ad4, 1A2, 2C19 and 2A6 are involved in the metabolism of the
compound of Example 7. Similar constellations of P450 isoforms are also involved

in the metabolism of the prior art Santa Fe halopyndiny! compounds.

Surprisingly, no significant p450 metabolism with any isomer was registered for the
compound of Example 8, implying that the compound is stable in vivo and that the
possibility of disturbance of the metabolism of coadministered drugs is

correspondingly low.

Biological Example 4

Pharmacckinetics

The release of a compound of Formula I from an orally administered prodrug of
Formula IT was monitored in rats. The compound of Example 7 was made up in 2
propylene glycol vehicle and orally administered to paired fasted male Sprague
Dawley rats at a dose corresponding to 0.027 mmol/kg. At the indicated time
intervals, 0.2 m) blood was collected from a catheter implanted in the canis jugulans,
centrifuged and frozen for later analysis. The released drug of Formula I (Example 6)
was assayed by HPLC. Aliguots comprising 40-100 pl of each plasma sample are

mixed with an equal volume of acetonitrile (10 seconds, Vibrofex). The sample is
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centrifuged (2 min, 14000 RPM) and 30 pul of the supemantant is injected into an

HPLC system, as follows.

Pre column: RP-18,7 pm, 15x 3.2 mm
Column: YMC basic, 3um, 150 x 3 mm
Mobile phase: 60 % acetonitrile in 3 mM ammonium acctate, pH 6.4
Flow rate: 0.4 mYmin
Detection: UV, 250 nm
Table 3
time plasma level of
(min) mother compound
(pg/ml)
30 0.24,0.35
60 0.18,0.28
120 0.13,0.17
240 0.07,0.12
360 0.05, 0.07

In Table 3 it is clear that oral administration of the prodrugs of Formula II releases in

vivo clinically significant amounts of the compounds of Formula I.

Biological Examples 5 - 8

1) Preparatory

The rats used in pharmacokinetic examples were male Sprague-Dawley, with a
weight about 200-250 g. The rats were fasted for at least 16 hours before the
experiment, but had free access to water. The day before the experiment the rats were

anaesthetized using a mixture of Efrane®, laughing gas and oxygen. A catheter was
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introduced into the vena jugularis. On the day of the experiment the weights of the
rats were noted. The animals were shortly anaesthesized before the oral dose was
given or the iv dose injected into the back of the neck. Each substance was

administered to duplicate rats.

Monkeys were fasted for 12 hours prior to oral administration but had free access to
water, The test compound was delivered via an infant nasogastric feeding tube, After

6 hours the monkeys received an apple.

i1) Dose preparation

Appropriate quantities of the active ingredients described in the following examples
were dissolved/suspended in a solution of propylene glycol or 10 % Acacia and 1%
of Tween in water for oral administration. Compounds were dissolved in DMSO for

intravenous administration.

iii) Blood sampling

Blood samples (typically 0.6 ml for rats, 2 ml for monkeys) were taken before and at
the indicated time intervals, as plotied, after drug administration. Monkeys were
tapped from the femoral vein into EDT A-containing tubes. The blood samples were

centrifuged infectious agents neutralised with 1% SDS§/64°/20 min and plasma stored
at -20°C.

iv) Bioapalvsis
Plasma samples are prepared as follows: 40-100 pl of plasma is mixed with an equal
volume of acetonitrile (10 seconds, Vibrofex). The sample is centrifuged (2 min,

14000 RPM) and 30 pl of the supernantant is injected into an HPLC system, as

follows.
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Pre column: RP-18, 7 um, 15 x 3.2 mm
Column: YMC basic, 3um, 150 x 3 mm
Mobile phase: 60 % acetonitrile in 3 mM ammonium acetate, pH 6.4
Flow rate: 0.4 ml/min
Detection: UV, 250 nm
Biological Example 5

Comparison with the closest prior art compound

The in vivo stability and availability of the compounds of Formula I were compared
with the closest Santa Fe compound, namely (+/-)-N-(¢is-2-(6-fluoro-2-hydroxy-3-
propionylphenyl}-cyclopropyl)-N’-(5-chloropyridyl-2-yl)-urea, whereby 0.024
mmol/’kg doses of the respective compounds were administered in a DMSO vehicle,
Figure 2 is a plot of plasma levels of the respective compounds (n=2 in eéch case)
over time. It will be apparent that the respective curves follow a common pattern but
that the compound of the invention has an AUC (0-4h) in excess of 1.5 times the
AUC (0-4h) of the closest prior art compound. In other words the compounds of the
invention provide a 50% greater in vivo exposure than the previously described
derivative, although although whether this is due to a slower clearance of the
compounds of the invention or a greater degree of tissue binding with the prior art

compounds, etc has yet to be determined.

Biological Example 6

Bioequivalence of prodrugs and mother compound

Various compounds of Formula II (that is prodrugs of the compounds of Formula )
were administered to rats and the plasma levels of the mother compound of the

invention (in this example the compound of Example 10) were monitored over time.
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The vehicle was 10% acacia and 1% Tween in water or propylene glycol (asterisked).

Plasma level figures in Table 4 refer o individual animals.

TABLE 4
Compound Dose Time plasma leve! of mother
‘ (mmol/kg) | {min) compound (ng/ml)
Example 12 0.053 30 0.2 0.3 0.06 |0.11
60 0.2 04 0.12 0.20
90 0.3 0.4
120 0.2 0.5 0.10 0.20
180 0.3 0.4 0.11 0.23
240 0.3 0.4 0.08 0.24
330 0.08 0.15
420 0.05 0.12
Example 12 0.026 30 0.09 |0.05
60 0.10 0.07
120 0.09 0.08
180 0.08 0.08
240 0.06 0.05
330 0.03
420 0.02
Example 22 0.026 30 0.08
60 0.05 .11
120 0.04 10.08
180 0.03 0.07
240 0.02 0.04
‘ 360 <0.02 | <0.02
Example 14 0.053 30 0.10 |0.08
60 0.15 0.08
120 0.27 0.07
180 0.35 0.09
240 0.35 0.09
360 0.24 0.12
Example 18 0.053 30 0.12 0.03
60 0.15 .03
120 0.15 0.07
180 0.23 0.14
240 0.12 0.16
360 0.08 0.08
Example 23 0.053 30 0.14 0.32
60 0.22 0.49
120 0.36 0.49
180 0.44 0.32
240 0.35 0.27
360 0.14 0.14
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TABLE 4 CONTINUED
Example 17 0.053 30 0.05 (0.05
60 0.07 }0.05
120 006 |[0.14
180 0.07 0.20
240 0.07 10.17
- 1360 0.04 |0.12
Example 29 0.027* 30 0.258 1 0.031
60 0.268 {<0.03
120 0.128 | <0.03
240 0.051 | <0.03
360 <0.03 | <0.03
Example 37 0.027* 30 0.234 {0,137
60 0.273 10.189
120 0.111 }0.133
240 0.056 | 0.045
360 0.054 | 0.056

It will be apparent that the prodrugs of Formula II release in vivo clinically relevant
amounts of the compounds of Fermula I into the plasma. The absolute oral
bioavailability (determined relative to thé iv dose, as decribed in the preparatory
section) was 28-33% for the compound of Example 37 and 27% for the evaluable

animal with the compound of Example 27.

Biological Example 7
Bioavailability ip different species

A prodrug of the invention of Formula II (Example 12) was administered at the same
dose (0.026 munol/kg) and in the same vehicle (10 % acacia and 1% Tween in water)
to rats and cynomolgus monkeys. Plasma levels of the mother compound of Formula

I (Example 10) was measured as a function of time.
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TABLE 5

species time plasma level of
(min) mother compound

(ng/ml)

rat 30 0.09 0.05
60 0.10 0.07
120 0.09 0.08
180 0.08 0.08
240 0.06 0.05
330
420

monkey 45 0.08 0.04
90 0.20 0.26
180 1.0 0.55
240 0.72 0.54
360 0.38 0.39
600 0.13 0.10
24h 0.03 0.03

PCT/SE99/00053

It will be apparent that the prodrugs of Formula II release in vivo clinically relevant

amounts of the compounds of Formula 1. Release occurs both in rodents and

primates, with significantly greater plasma levels in primates.

The corresponding data for the compound of Example 28 (rat: acacia/Tween,

monkey: propylene glycol) are shown in in Table 5A:

TABLE SA

species time plasma level of
(min) mother compound

(ng/ml)

rat 30 0.033 0.046
60 0.039 0.084
120 0.066 0.123
240 0.039 0.034
360 <0.03 <003

monkey 30 0.108 <0.03
90 0.159 0.098
180 0.062 0.050
240 <0.03 0.060
540 0.036 0.070
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Biological Example 8

Antiviral activity

Compounds of Formula I were tested for HIV-1 activity against wild type HIV,;; and
resistant mutants, with and without the presence of 50% human serumn in the XTT-

formazan assay where inhibition of cytopathogenic effects is assayed in MT4 cells.

PCT/SE99/000353

In each case the ED,, in uM is indicated

TABLEG

HIV strain Example 10 Example 10 Example 11 Example 11
50% serum 50% serum

wild type 0.01 0.06 0.009 0.05

L100I 0.05 0.33 0.09 0.95

K103N 0.38 2.4 0.09 2.0

Y181C 0.09 0.4 0.07 33

The compounds of formula I are thus highly active against various strains of HIV at

concentrations achievable in vivo.

Biological Example 9
Antiviral activity

Compounds of the invention have also been compared to the closest prior art
compound using a state of the art cell culture assay, wherein human T cell line MT4
cells are grown in RPMI 1640 medium supplemented with 10% fetal calf serum,
penicillin and streptomycin seeded into 96 well microplates (210° cells/well)
infected with 10-20 TCID,, per well of HIV-1,;; (wild type) or mutant virus bearing
RT Ile 100, Cys 181 or Asn 103 mutations. Serially diluted test compounds are
added to respective wells and the culture incubated at 37°C in a CO, enriched
atmosphere and the viability of cells is determined at day five or six with XTT vital
dye. The results shown below the mean values of a number of determinations.

Results are presented as ED;, uM.
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TABLE 8
Exampie wild type wild type Tle100 Cys181 Asn 103
50% serum
Prior art 0.027 nd 0.220 0.340 0.350
Santa Fe
Example 10 | 0.012 0.056 0.053 0.095 0.358
Example 11 } 0.008 0.058 0.100 0.069 0.080
'j Example 8 | 0.003 0.019 0.021 0.019 0.086
Example 6 | 0.002 0.016 0.064 0.018 0.046

The compounds of the invention have significantly improved performance against
wild type and especially clinically important mutations arising during treatment with
NNRTIs.

Biological Example 10

Binding kinetics

The rate of association and dissociation of an NNRTI on the target enzyme can be
directly assayed by surface plasmon resonance methodology, wherein reverse
transcriptase is immobilized on the surface of a chip and the binding or dissociation
of the putative inhibitor is monitored by observing the changes in refractive index
caused by the concomitant increase or decrease in chip mass. A compound of the
invention (Example 8) was compared to the closest prior art compound from Santa
Fe, as depicted above. Experiments were performed on a Biacore 2000 (Biacore AB,
Uppsala, Sweden), using BIAevaluation software (ver 3.0) for evaluation of data.
The binding of the small analyte (NNRTTI) to the much larger enzyme results in
binding responses in the range of 10-20 RU. The difference in bulk refractive index
between running buffer and sample makes it difficult to evaluate data obtained
during the injection of sample. During the dissociation phase there is insignificant
change in bulk refractive index, thus the binding of the different substances have

been evaluated during this phase.

Immobilisation: The enzyme and reference protein were immobilised by direct
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coupling to primary amines on 2 CMS5 chip (Markgren et al,, 1998). Antibody

to Fc g (Biacore BR-1000-57) was used as reference protein and was
immobilised according to instructions from the manufacturer. HIV reverse
transcriptase (Unge et al., 1990) was transferred from 3 M (NH,)280, to 5
mM Hepes, pH 7.6 containing 4 mM MgCl,, using Nanosept Centrifugal
concentrators 10K (Pall Filtron, MA, U.S.A). RT amounts corresponding to
6800-9700 RU were immobilised to the sensor chip. The sensor surface was
deactivated by injection of 35 ml of 0.5 M Tris pH 7.6; 4 mM MgCl,; 0.5 M

KCl The immobilisation procedure was carried out at 33° C.

Interaction with inhibitors: Stock solutions of inhibitors (1 mg/ml in

DMSO) were dissolved in RT running buffer (10 mM Hepes pH 7.6; 4 mM MgCl,;
0.25 mM spermine; 40 mM KCl; 0.5% Triton X-100; 3% DMSO; 0.5% fetal calf
serum) 1o a concentration of 10 mM. Binding of substance to the RT was

analysed by injection of 200 ml of the diluted substance, the flow rate was

20 mVmin and the temperature 25°C. After each injection of substance the

system was washed by injection of 120 mi of 10% DMSO in RT running buffer.

The results are depicted in Fig 3. It is apparent that the compound of the invention
and the prior art compound show different interaction kinetics with the compoound
of the invention dissociating with the lowest rate, indicating a

more efficient binding to the enzyme.

References:

Unge T, Ahola H, Bhikhabhai R, Backbro K, Lovgren S, Fenyo EM, Honigman A,
Panet A, Gronowitz JS, Strandberg B, Expression, purification, and

crystallization of the HIV-1 reverse, transcriptase (RT). AIDS Res Hum
Retroviruses 1990 Nov;6{11):1297-303

Markgren P-O, Hamalainen M, Danicison UH, Screening of compounds
interacting with HIV-1 proteinase using optical biosensor technology.

Analytical Biochemistry 1998, vol 265, in press.
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Although various aspects and embodiments of the invention have been illustrated
with reference to the above concrete examples, cormparative examples and Fi gures, it
will be appreciated that the invention is in no way limited to these embodiments, but

extends throughout the spirit and scope of the attached claims.
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CLAIMS
I A compound of the formula I:
X
1 z R
R O 1
NN
NN
OH
0o
R2 :
5  wherein

R* is cyano or bromo;

R' is halo;

R*is C,-C, alkyl,

and pharmaceutically acceptable salts and prodrugs thereof.

w2 A compound according to claim 1, wherein R’ is fluoro.

3. A compound according to claim 1 wherein R? is ethyl.
4. A compound according to claim 1, comprising at least 60 %, preferably

at least 90 % 15,28 enantiomeric form.,

5. A compound according to claim 1, wherein R* is cyano.
15
6. A compound according to claim 1, wherein the prodrug has the formula
1L
R? o Z ' R*
NN R?
H H
O+CH;-0), I (CHZ)n
O O |
R? R4 |

wherein
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R*, R and R? are as defined above,

R*is H, (CH,),NR’R%

R*is H, C,-C, alkyl, (CH,),NR°R®, (CH,)),C(=0)R®, (CH,),OH, OR’, halo, CF, or
CN; or i _

R’ and R together define a 5 or 6 membered fused ring having 0-2 hetero atoms
and/or 0-2 unsaturated bonds and/or 0-2 substituents;

RYis H, C,-C, alky], C(=O)R’ or a peptide of 1 to 4 amino acids;

R¢is H, C,-C, alkyl; or

R’ and R® together define a 5 or 6 membered ring having 0 or 1 additional hetero
atom and/or 0-2 unsaturated bonds and/or 0-2 substituents;

R’is H, C,-C,,alkyl, (CH,),NR’R®;

X and its encompassing circle define a 5 or 6 membered ring having 0 to 3
unsaturated bonds and/or O to 3 hetero atoms selected from S, O and N,

m is independently 1 or 2;

n is independently 0, 1 or 2;

pisOorl;

and pharmaceuticalty acceptable salts thereof.

7. A compound according to claim 6, wherein the X-containing ring is

napthyl, pyridyl, quinolyl or phenyl.

8. A compound according to claim 7 wherein the X-containing ring is
phenyl.
9. A compound according to claim 7 wherein the X-containing 1ing is

pyrid-2-yl or preferably pyrid-3-ylL

10, A compound according to claim 6, wherein R’ is -NH,, -NHCH,,
NHCH,CH, or -N(CH,),.

il. A compound according to claim 6 wherein R’ is in the meta position
relative to the carbonyl group especially where the X-containing ring is phenyl, or
wherein R? is in the para position relative to the carbony! group, especially where the

X containg ring is a heterocycle.
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12. A compound according to claim & wherein -(CH,),- and/or -(CH,} ,- are
absent, that is p and/or n are 0.
13. A compound according to claim 6, wherein R* is cyano.
14, A compound according to claim 6, wherein R' is fluore.
is5. A compound accoridng to claim 6, wherein R? is ethyl.
16. A compound according to claim 6, comprising at least 60 %, preferably
at Jeast 90 % 18,28 enantiomeric form.
17. A compound according to claim 1 selected from

(18, 28)-N-[cis-2-(6-flucro, 2-hydroxy, 3-propionylphenyl)-cyclopropyl]-N’-(5-
cyanopyrid-2-yl)-urea, (1R, 2R)-N-[cis-2-(6-flucro, 2-hydroxy, 3-propionylphenyl)-
cyclopropyl]-N'-(5-cyanopyrid-2-yl}-urea, (1S, 28)-N-([cis-2-(6-flucro, 2-hydroxy, 3-
propionylphenyl)-cyclopropy!}-N’-(5-bromopyrid-2-y1j-urea, and {1R, 2R}-N-[cis-2-
(6-fluoro, 2-hydroxy, 3-propionylphenyl)-cyclopropyl]-N’-(5-brompyrid-2-yl)-urea

and pharmaceutically acceptable salts thereof.

18. A compound according to claim 17 denoted (18, 28)-N-[cis-2-(6-
fluoro, 2-hydroxy, 3-propionylphenyl)-cyclopropyl}-N’-(5-cyanopyrid-2-yl)-urea or a

pharmaceutically acceptable salt thereof.

19. A compound according to claim 1 selected from the group consisting of
(1S, 28)-N-{cis-2-(2-(3-aminophenylcarbonyloxy)-6-fluoro-3-propionylphenyl)-
cyclopropyl}-N'-(5-cyanopyrid-2-yl)-urea,

(18, 28)-N-[cis-2-(2-(3-ethylaminophenylcarbonyloxy)-6-fluoro-3-propionylphenyl)-
cyclopropyl}-N'-(5-cyanopyrid-2-yl)-urea,

(18, 28)-N-[cis-2-(2-(3-dimethylaminophenylcarbonyloxy)-6-fluoro-3-
propionylphenyl)-cyclopropyl}-N'-(5-cyanopyrid-2-yl)-urea,
(18,28)-N-{cis-2-[6-fluoro-3-propionyl-2-(6-methylaminopyrid-3-
ylcarbonyloxy)phenyl] cyclopropyl}-N'-(5-cyanopyrid-2-yljurea,
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(1R, 2R)-N-{cis-2-(2-(3-aminophenylcarbonyloxy)-6-fluoro-3-propionylphenyl)-

cyclopropyli]-N'-(5-cyanopyrid-2-yl)-urea,

(1R, 2R}-N-[cis-2-(2-(3-ethylaminophenylcarbonyloxy)-6-fluoro-3-
propionylphenyl)-cyclopropyl]-N'-(5-cyanopyrid-2-yl)-urea,

(1R, 2R)-N-[cis-2-(2-(3-dimethylanumophenylcarbonyloxy)-6-fluoro-3-
propionylphenyl)-cyclopropyl]-N'-(5-cyanopyrid-2-yl)-urea,
(1R,2R)-N- {cis-2-[6-fluoro-3-propionyl-2-(6-methylaminopyrid-3-
ylcarbonyloxy)phenyl] cyclopropyl}-N’-(5-cyanopyrid-2-yDurea,

(18, 2S)-N-{cis-2-(2-(3-aminophenylcarbonyloxy)-6-fluoro-3-propionylphenyl)-
cyclopropyl]-N'-(5-bromopyrid-2-yl)-urea,
(1S, 285)-N-[cis-2-(2-(3-ethylaminophenylcarbonyloxy)-6-fluoro-3-propionylphenyl)-
cyclopropyl}-N'-(5-bromopyrid-2-yl)-urea,

(18, 28)-N-[cis-2-(2-(3-dimethylaminophenylcarbonyloxy)-6-fluoro-3-
propionylphenyl)-cyclopropyl}-N'-(5-bromopyrid-2-yl)-urea,
(18,28)-N-{cis-2-[ 6-fluoro-3-propionyl-2-(6-methylaminopyrid-3-
ylcarbonyloxy)phenyl] cyclopropyl}-N’-(5-bromopyrid-2-yljurea,

(1R, 2R)-N-[cis-2-(2-(3-aminophenylcarbonyloxy)-6- fluoro-3-propionylphenyl)-
cyclopropyl}-N'-(5-bromopyrid-2-yl)-urea,

(IR, 2R)-N-{cis-2-(2-(3-ethylamincphenylcarbonyloxy)-6-fluoro-3-
propionylphenyl)-cyclopropyl}-N'-(5-bromopyrid-2-yl)-urea,

(IR, 2ZR}-N-[cis-2-(2-(3~dimethylaminophenyicarbonyloxy)-6-fluoro-3-
propionylphenyl)-cyclopropyi}-N'-(5-bromopyrid-2-yl)-urea,
(1R,2R)-N-{cis-2-[6-fluoro-3-propionyl-2-(6-methylaminopynd-3-
ylcarbonyloxy)phenyl] cyclopropyl}-N’-(5-bromopyrid-2-yljurea,

and pharmaceutically acceptable salts thereof.

20. A compound according to claim 19 denoted (18,28)-N-{cis-2-{6-
fluoro-3-propionyl-2-(6-methylaminopyrid-3-ylcarbonyloxy)phenyl) cyclopropyl} -
N’-(5-cyanopyrid-2-yl)urea and its pharmaceutically acceptable salts.
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21. A compound according to claim 19 denoted (1S, 28)-N-[cis-2-(2-(3-

aminophenylcarbonyloxy)-6-fluoro-3-propionylphenyl)-cyclopropyl}-N'-(5-

bromopyrid-2-y!}-urea and its pharmaceutically acceptable salts.

22. A pharmaceutical composition comprising a compound as defined in
any one of claims 1 to 21 and a pharmaceutically acceptable carrier or dilnent

therefor.

23:; A composition according to claim 22 further comprising one to three

additional antiretroviral agents.

24. A composition according to claim 23 wherein the additional
antiretroviral agent is selected from the group consisting of AZT, ddl, ddC, D4T,
3TC, adefovir, adefovir dipivoxil, abacavir, bis-POC-PMPA, foscamet, hydroxyurea,
efavirenz, trovirdine, nevirapine, delavirdine, PFA, H2G, ABT 606, ritonavir,

saquinavir, indinavir, amprenavir (Vertex VX 478}, Mitsubishi MK(-442 and

nelfinavir
235 A compound according to any one of claims 1 to 21 for use in therapy
26. Use of a compound according to any one of ¢claims 1 to 21 in the

manufacture of 2 medicament for the treatment or prophylaxis of HIV.

27. A method for inhibiting or preventing HIV infection comprising
administering an effective amount of a compound as defined inclaim 1 or 6 to a

subject in need thereof.

28, A method for the preparation of a compound of the Formula ]

comprising the comprising the Curtius rearrangement of the azide of a compound of

the formula:

PCT/SE99/00053
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followed by coupling with a compound of the formula

fj/
|
H,NT N

and deprotection, wherein R', R* and R* are as defined above and PG is an hydroxy-

RX

protecting group.

29. A method according to claim 28, further comprising the step of

a) acylating with an activated compound of the formula III:

8
R Kro Rr3
CHs)p, @
R |

I
where R’, R*, X and n are as defined above but are optionally protected, and R®
1s hydrogen or a conventional activating group; or

b) alkylating with a compound of the formula IIfa:

halo  _o._o R

(CHZ)n ﬁ

R4
llla

where n, R?, R* and X are as defined above, but where exposed amine, hydroxy

etc substituents are protected with conventional protecting groups.
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stk X, |
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AR

ALK R AR ED BRI B R HIV %8 sy 4
H. AEOBRABIGASH, SR L ELSWGE R B Mk
CATA T¥# HIV 895 i,

ARARE

A HIV #65 P, A HIV ERTSHHF 8 LER-FHELRM
BEEAFHHNE T, X EHARFRMAPId= AZT. ddl. ddC # D4T.
WA B M SRR R B K AR F Y, B RRER
st B ERPLE. EREMNERET, HELUHI LMY
sy &N, RE T eMne KA.

A IR e B fo WP, CF R ZAETE HIV 4 58
S AEBF A A, Hldaek A A0 5] 9 4 T BRIP4 A TIBO £4
BREBETHS HIV AAZRAEEAREGHME. TIBO FfriddH
PR FEEH NS RTF AL RERTES T BEERRE. R
f, RALIFOR B9 XAk A a4 Ak AR Ak AR
BEMNEHFAEL GHFHG HV ZEAR, FleEsFHEHAP,
BRERFORE, EXakPHoEsNAds e384 BE
8 g% A8 PL 3T BT iR 85 4 #9408 4K 100 4&(Drug Design & Discovery
1992 8 % 255-263 W), AWK KB L€ BT £ RT #4H
MEBATHRGEX, FELTEEH, FHRIFRGELNE
# L-697661 #o-£-32 23] # delavirdine(U-87201) &,k i & 4 x4t HIV
HMETRN, REPRTAZREEGHRBRORA R THHEEREGLHEF
£, BA Lk 5 6HEFHLFF delavirdine L & L2530 TI6 K.
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15 EAEM S SMIBRE I E L EMAA R EHRGHEEX, B, K
HIRARAE T WA S F R AR B R B ST LA R AR A
B2 ol B M AR EE S d L A
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R2% C-C, Ht;

R* 2 FUAE &, 84K

FoE 169 8 5 LTS e AT 8.

FE A G IR IR [ Sty oty & L TR ZH BRI
FHG B AEEY, KXW F G F R T 4 HIV 853k, #
FEOEFX I HET HIVEEE, ARRLY EIEFPX]
ey Bl ik, BldeE$E 0 Ti657 HIV &R ey 54 b & A £,

B HIV 3| Re9ERB T, AKX 1A HREEs X8 10
Z 1000 nM #fe K- FL A B £4H250 100 £ 500 nM. X4
B TFARFT R ) 5 &5 2 M 5| B B w89 F 318 0.01 £ 10 mgkg/
X, %ikH 01 £2mgkgk. EBEAAH—BMNFRAFSERX
#4005 £5g R AFER—EWANEELE, 0.1 £2 g #3e 500-750
mg.
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AP RF R bR, MO BFETESLNEINE.
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1R 2R staih Bk P45S0 R TR BT H REMX SR H, H PR
A FARAIAH Y 18,28 AT b s sk, BARB—L M EIN
AR S BRITIR P450 AR PHREAS. AEWERTRENY
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R}% H. (CH),NR°RS;

R*# H. C,-C,%%. (CH,).NR’R®. (CH_),C(=O)R’. (CH,),OH. OR’.
B, CF, & CN; H#

RFe R* —RZ L4 A 02 AR BF /%K 0-2 AR fobtfo/R, 02
ANEAA 5 K 6 LI |
RS H, C1-C, 3. C(=O)R'H 1 £ 4 AMEA B R;

Ré4 H. C-C, % A

R¥F= RE—RENLH LA 0K 1 AMNFAIERTF Fo/2, 0-2 AR fosd
Fa/X, 0-2 ABCREE S & 6 LI

R’ H. C,-C, %%, (CH,)NRR; N

X A LAF R ELA LA 0 £33 AREFRF/R 0 E3 A %EH S,
O Fo N 8 & BT8 5 X 6 3K

miEIA1AR2

niEETH 0 1XK2

FegMegE L TR,

AF REARARGISHGBENEBRERLAH T —ANF @,

ETXIEGZL X-SFHESH X AFRERTAHRFAORELE 134
RiaFedt, QIEALAFERIENR, K6 X-HOHEFIIAKRD
MR AHE EARAEIR. HCHBY X-HROE DA KA ERiA
W IR, K&, X-EFRTE LA EATR e XA ks X,

A2 R? fo R S5 8T A F AL R RT3 ¥, * X-3RE
BHMeAG iRt Sk, wHRpEakk, lpERFOt
ke R A%, AR AR UESHAFGHERT, o X-ROGETHI
RAROIEDRNARR TR, B KIRE IR T AR
K., HRFE. &4 (CH)NRRS, C(FONRRS, &4, £ATX,
BE BATE CLEA. CLREAFHARRK.

X-F T 5NN EAFS B PPEAS AR, EXTUE
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BRERHN. GRFE EX RETE B2X BEATE #
A, BATE C A, CRAAFLMIUN, Hik X-3R5 Frik
B AEAR4R,
By X-3F A%, R, RFeRAEGR R AFHFSAELE
— B, XA B IR T MR R IR Y AR X-3R, Bl derkeE
AR FARREREE, K4, RER PH—ARSATELRY
RAR A, AR, REARF.
A #) 4 R Fo/ 3, R4 £ H .36 NH,. N(CH,), # NHC, , .4 4= NHCH,
F NHCH,CH,. R*4tigst THgxd TArR&E Ao {4k oh 8 B A H &9
4, KAZLEOH X GFRAEERF S EH X WA & FEHH
dokrZ.3-A 8, RAATE, #FAaSpf/An AT, FE
A& XA RAE.
AR BA LS .3
(1S,28)-N-[AR X.-2-(6- £.,2-2 % 3- A Bb A F A)- L AN -(5- A
L -2-35)- ks
(18,2S)-N-[Af X.- 2-(6-&,2-#_{&,3-’1' B EK) KA E]N--RA
R -2-2 )
(18,28)-N-[ii X.-2-(6-#.,2-2 4 3- L L F K- A AN -(5-F A4
e -2- 3k )- Bk
(1S,28)-N-[Afl X-2-(2-(3-BA F A H A FX)-6-F-3-HBLEER)-30
& AN -(5- Rk -2-28)- Bk
(18,28)-N-lit X-2-(2-(3- B A F AR A FK)-6-R-3-ToLA LK)
7 XK )N - (5- Ak -2- K )- Bk
(18,28)-N-Diff X-2-2-(3-BAFAH A A)-6-A-3-LBAEE L)X
% X ]-N-(5-FUakin -2-2)- B
(18,28)-N-[M X2-2-3- LA KA F A B EFL)-6-A-3-ABEAR
)R A E]N-(S-RAR2- )-8
(1S,2S)-N-[M X-2-(2-(3- LA AA X AR A R )-6-£-3- T%)fn?ﬁ

-6 -




A)- KA KN -(5-RAR-2- 1)
(1S,2S)N-DAX-2-Q-(3-CEAMEF AR E FX)-6-F-3- Lot ¥
) AR]-N-(5-RAEE-2- )5
(1S2S)-N-DAX-2-2-3-—FEEAFEB XL RX)6-R-3-"B L %
2)-2R R AN (5- AT 2-%)-5%;

(18,28)-N-[M X-2-(2-(3-—FABAF R E A FX)-6-R-3-THAE
A)-FF R AN (S-RAT 2- )-8,

(1S2S)N-[A X -2-2-3- = FERLE LA B X ER)6-F-3- 2o A%
25)-30 R )N -(5-FAR -2- -

FeeMea B F LT ek,

Hehibegisdais:
(18,28)-N-[M X-2-(2-(6- F A B Aophog 3 g % S H)6-A-3-F st
F )R AN -(5-RA T -2-2 )-8

(18,28)-N-{M X-2-Q2-(6- F X f A ke -3- A 3 K FH)-6-F-3-THeLk
FA) R A AN -(5- A2 1) M

(1S,28)-N-[Hi X-2-(2-(6-F % E o vkrz 3- A B A EH)-6-8-3- 282
FA)- R AHEN-G-RA M -2-5)-0;

(18,28)-N-[Mf X-2-(2-(6- B A2 -3- A HE X F X)-6-F-3-ABAE
)3 A KN -(5- Rk -2- )bk

(1S,28)-N-[Afl X-2-(2-(6- Rt -3- A A FX)-6-K-3-THEAE
2)-3R 9 AN (5- Rk -2-2)- Bk

(18,28)-N-DI K-2-(2-(6- B A ot -3- A B X B A)-6-F-3- T ¥
)R AN -(S-R Az -2-5)- 15

FoCNOBHE L TR HE,

AR P LeAE LS als:
(1R,2R)-N-[M & -2-(6- R, 2- 2 & 3-H B A F X)L B A )-N-(5-RE
PO 2 - 2Bk

(1R,2R)-N-[H X.-2-(6-#,2-2 % 3- T A X H)- L HE)-N-(5- A

-7-




Lo -2- R )-k;

(IR,2R)-N-[Nf X-2-(6- &, 2-#e X 3- LB A H ) R 9 &) N-(5-fiA
AL -2-A)-Bk;

(IR2ZR)-N-[H X-2-2-(3-RA XX B A B A)-6-F-3- BB AR L)%
AN (5-RAknbrz.2-X)-84;

(IR2R)-N-DR KX -2-2-(3- R A KA HE R R)-6-£-3- THAEX)-x
AN -(5- Rz -2 R)-

(IR, 2R)-N-[Mf X-2-(2-(3-RA XA A F24)-6-8.-3- amxg) E78
AR]-N-(5-Fbonto -2 )- B,

(IR2R}-N-{RA X-2-Q-(- LA BRE X E B R FA)6-F3-HBAE
)-SR RN -(5-Fudkmbrz-2- %) 5%

(IR,2R)-N-PMA X-2-2-G- LA RAF A B A X)) 6-F-3-THAE
)R A RN -(5-F Aoz 22 )- Bk
(RZR)-N-{AX-2-Q-C-LARXAF AP A F2)-6-A-3- 0B R %
)3 B AN -(5- Rz 2- %) 8%

(IR 2R)-N-DIf X-2-2-3-~F AR A FE A E A FA)-6-8.-3-F8bk
FA) K AR]N-(G- A 2-4)-8;
(IR,2R)-N-DAX-2-Q2-3-~FRELAE LA FA)-6-8-3-THA
FE)F R KN -(S-RA - 2-4)- M

(IR 2R)-N-[AT X-2-2-3-—FARAEFE X H R ) 6-F-3- 71
FE)HRARAR]N-(5-RAE-2-2) 5%,

FoC N B LTS,

R E e it b is:
(1R2R)-N-{M K-2-(2-(6-F e Sk vk 3-8 £ F 4 )-6-K-3-H8k
AR IR AN (5-RA 22 )- B
(1R, 2R)-N-[W K-2-(2-(6-F & £ A bw2 - 3- A A S5 -6-R-3-T#:
AFR)- R KN -(5-RAE T -2-K)-Bk;

-8-
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(1R,2R)-N-[ Ml X -2-(2-(6-F A Kot 3- X A F X)-6-F-3-Tst
A Z K- H KN -(S-RAE R 2. % )-Bk;
(1R,2R)-N-[Mfl X.-2-(2-(6- B A ez 3- A B X A X ) 6-F-3-mBAE
-0 A A )N -(5-RA R -2- )-8
(1R,2R)-N-[Af X,-2-(2-(6-R X w7 -3 Mﬁsﬁ:&)-@&-}‘f BE X
)37 AN (5- A kn -2- )3k
(1R, 2R)-N-[Mf X,-2-(2-(6- R AT -3- A B A L) 6-A-3-LmAX
2)-2R B AN (5- A n - 2- ) - Bk
FEMHHF LTS,

ALK ik oA 35
(1S,28)-N-[ A K.-2-(2-(6-#.,2-72 5% 3- R B X )R @ A -N-(5-i2
A rthr -2- 25 )R
(18,2S)-N-[ M X-2-2-3-RA XX B A F1)-6-F-3-FBEAER) 3K
RN -(5- ke -2- % )-Bk;
(18,28)-N-PME X -2-(2-3-E A F X B A FX)-6-F-3- 2 A E Ry 37
A EK]-N~(5- 3800 -2-%)-BR;
(18,28)-N-[M X-2-2-(3-BA F A B A A X)-6-R-3- TR EE L)1
&N -(5- 2 -2-2)-%;
(18,2S)-N-PHAl X-2-(2-3- LA B A E A B AR E)-6-F-3-ABAE
A)-3R & KN (5- 8 e -2- )k
(18,2S)-N-[ X-2-(2-(3- LA AL F A B EFNA)-6-R-3-ToAE
2)-ZR 5 AN -(5-38keR -2 K-k,
(1S,28)-N-[ X-2-(2-3- LA BA R L EAER)-6-R-3-THAZE
F)-2R @ K )N -(5- 8 em-2- 25k
(18,28)-N-DI X,-2-(2-(3-= F A LA F A F AL H)-6-F-3-ABAX
3)-ZR A AN -(5- 8P -2-2)-Wk;
(18,28)-N-[H X-2-(2-(3-—F A RA XL ZAFA)-6-M-3-LopAE
Z)-2R 57 )N -(5- 5 oHes -2 28 )- Bk

-9.




(1S,28)-N-[MA R-2-2-G-—F AR E XX B LA ER)6-R-3-THEX
)R A R]N(5-3boR -2- 25 )- B

(1R,2R)-N-[ifi X -2-(2-(6-#.,2-% & 3-H sk X F 4)- 305 X)-N-(5-i&
LR -2-2)- Bk |
(IR,2R)-N-[Mfi X 2-2-3- A F A B K §.5)-6-B-3-HBAFE L)
RN (5- ik mbre-2-2)- B

(1R,2R)-N-[Af X,-2-(2-(3- B F X H L FXK)-6-F-3- LB A F L) 31
F AN -(5- e m -2- )k

(1R,2R)-N-[Hf X -2-2-G-RAF X B A FR)-6-R-3-THREE X)X
# 2N (5 Rl 2. %) -k

(IR, 2R)-N-[Hf X-2-Q-3- LA RAF LR E R X)-6-A-3-HB A ¥
)3 N -(5- i mb e -2- )Rk

(IR, 2R)-N-[M X-2-2-3- LA RE A AR E EX)-6-£-3-ZmAER
)RR AN (5- i b -2 - ) - Bk

(IR,2R)-N-MA X -2-2-(3- LA B A F X E A R 2K)-6-F-3-Toe A X
Z)-BR )N (5-3mT-2- ) -k

(1R, 2R)-N-Dlfl X-2-2-(3-= F A B A XX A FA)-6-R-3-Fdek
F2)- R AHE]N (53R -2-5)-

(IR, 2R)-N-[Af X -2-Q-3-— P A RA E X B A FX)-6-R-3-Tie X
) IR AN (5- SR 2- ) B

(1R, 2R)-N-[Mi X,-2-2-(3-= P A RAEF XA FH)-6-F-3- Tk
)3 B AN -(5- g -2- )%

FEH 2 L TREH .

7 MR 84S LK
(1S,28)-N-[M X-2-(2-(6-F £ £ A bt 3- A B A )6 R-3-RBLA
E )R8 A )-N-(5- e -2-25)-B;
(18,28)-N-[Mi X, -2-(2-(6- F A A mpoR-3-H B A FH)-6-F-3-Twk

-10 -




F X)) A KN (5- 8wkt -2-2)-Bf;

(1S,2S)-N-[Afl X,-2-(2-(6-F % KA k-2 3- X B A FL)6-H-3-L8%

FA)-RRKR)N-(5- 38wk -2-2)-BF;

(18,28)-N-[Nf X,-2-(2-(6-F I krz-3- X g % L XH)-6-K-3-HmmA

)R KN -(5- 3 v -2- ) Bk

(18,28)-N-[NE X,-2-(2-(6- B A3 A P X EX)-6-A-3-THAE

2)-ZR 8 AN (5-38 b -2-2)-Bk;

(18,2S)-N-[Af X.-2-(2-(6- R AL ko2 -3- K g X F X )-6-8-3-LELEA X

A)- KA E]N-(5- i ibnZ-2- K )-0%;

(1R, 2R)-N-[Mf X -2-(2-(6-F % £ AR -3- A B A FX)-6-R-3-H8k

A E )RR E]N-(5-18 b2 -2-2)-4;

(1R 2R)-N-[Hfl X -2-(2-(6- F A K AWL-3- A H K FK)-6-F-3- T

A BB A AN -(5- 1o -2- 1) Bk

(1R, 2R)-N-[ X -2-(2-(6- F & B Ao -3- 5 B R HHK)-6-F-3-28%

E X ) 308 BN (52224 ) I

(1R 2R)-N-[MA X,-2-(2-(6- R A eg-3- 2 B A 4)-6-R-3-ABtA X

E)-3R R RN -(5- i bR -2- 2 )- Bk

(1R, 2R)-N-W X 2-2-(6-E A wboe 3- X A H L)6-A-3-ToAE

Z)-2R A K )N-(5- 38 e mE-2-K)- Bk

(IR, 2R)-N-[Mf X, -2-Q-(6-B K a7z -3- A B A . 5)-6-A-3- LB A X

£)- R A KN (5- 807 -2-55)-Mk;

FoE M BHFLTRLHE,

XIS HHETHRFETREGECHEANERE, $lT
B, SLER, #ibEk. MgER, Bo&. DA ERR 2R R
ek, BB, JUBRARINE, HIRES e TRR. LRE.
X5, SEREHABFPERBRAE HBOEINBRA e H,
5 foaka, Asr. BB RARBAL,
AR KA HIV H M EE LR, £RLTF—E=H7 5
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v .
[ R &
T« v . LI}
® ®Y g s F @ ape q
*r s 8 . -
LA .

RAER W ARBDE L LSRR EARBRX A AG, XHF
e A A T 646 AZT. ddl. ddC. D4T. 3TC. abacavir. adefovir.
adefovir dipivoxil, SL-POC-PMPA. MT8., 2XMK. HXH-£7F
HBY097. efavirenz. trovirdine. %% 33¥. delaviridine. PFA. H2G.
ABT606. DMP-450. loviride. ritonavir, ¥ 4#8 %, indinavir, amprenavir
(Vertex VX478). nelfinavir %, —#&#AR B EN1E B 695 H oL
AR BB ReHI 88, — X Ae bt FX 1894 251
£ 1:25.

REMTFHRENMN G T TRELYE, (22 L4 B A4

H—5AlE, BHSHRKOES -FXSHTESGEE—
A B LR L E EWA F BiEit O LB 696 A ARG, TR Sk
MELSMAFMMNALCASTEERFTBETHELH A LR EHL
.

FrAs M GEMEEETFoR, Lh. & BAR(QEHFET).
PRI ME(BEE T, A, $RRE ). As TR
Ho A B AL MR de | F oG R R MW X AL, A THEHIETEH
AR R I A b OF R AT 4

ﬁ#%f%@%&uiix%éﬁﬂ5ﬁ¢ﬁ¢%Aﬁﬂﬂ%
H g, PR R — AL A A8 T R B s AR AR B R 8 B AR
BEEHZHY G EFRRGE R, RELELE, RARF
Wy T R &

EXAZATATFoROHNTHEIRIGEL e —~HL2H M
R EBHREREMGRER. AEMSIAH, FAHERMNIBE
), A H PR FEM A L A R IR AR R P $ R SR & A
A A K 6L R AR A K b L AGRAR UM Fo4E S5 K B Au(bolus)F 2
.

£ F R BHEsh@le s MR EN), RiEETOHRKE
FERA- B BRI, PN eB X, FMimK, WA,
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b EUEE. KER. ROH BB (povidone). K E, A
st BRPEGREH. BARETENEE. BHEFEE H
AN A Ade BRITH, PR, LB, B8 ML 4L,
HEAEM, R4S LA ERE, PEANERERESFLE
HERBIEBE, RIs8. AFR. FoHh HE HEAPBI=
$Abs:, dLpbptE MAFARN B A, L. BHREHRE. TE
KANF EFEFRMA F TH3), L TARMR R FEE
A M,

B ToREBHSESREROIENEEN, RENXAAMBX
FAES, FRAERF OB R AN F A G RN,
A A 88 F G IEPT a8 B /mb iRk, iRk, FBE, B 10-20%
LB H Y (e i, L, MG ), Hidd/Capmul MGM.
Capmul MCM/#A =8, TARE/K, i ib/a8 iastA ¥ Hid 8.
i i [ 3 R A8 o B8 B B 88 4

B AT E —F R S FRHBA S —REH LR
&, BLAEERAOIMNT, EHS5HSH,. AR, HEHEN,
B . R @ ENN R oMM ERRE, LA RASHGEXh
ABBEEENHREBENTHEES A H., @k E THIMNP,
R VR MR AR R R 60 KRS W b RS TR SRR K
. BB M TAERAR R A R LR AR E R RS
AP A,

#ERTHINLHHHMN QIELF ARG ERAT A ERS
FT340 0 B A F I PR M e e N, AW ERH] IR
Fod i 3, BAEF T RGP TR ERMN QRN o H EETHR
AR AR P o AR TR a9 o A,

EERATEARAORLHENHN OIETHASHF SN F L
EMEAGHTH, B, BEMNABNEE, SHAAAGEHEE
BEAYLSHATREANAEEALN., REYHHMNNCEGTRES
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&, REHARERBRLET Rt E THEHFEE
HMB AL, BHGHEF Ik fArEEEMETIAE6 fk R
dn ik P eg HIV, @i sibik HIV 24t 4§68 2 M PR T
4. IHGBETOEROCEESLREMNGI L LB PHMRENS
MERFHRBFRYFEFBENORETHGFLP.

AT A A% H RN THALE QD) o7 LIRRAK
BEREGETHERGREMNPWER, X AAHH S 4E 048
EAN, BN, #EA. #H. LEANICREMED, SNEART
& 7 PR VA ST G4 4 B AAR R R E 4 tdid & 69 K,

EEATRALEHETITESARA BAGHH OELAEFR
RPlde B AR TEH 20 £ 500 MASEH KX, EHRAALTRARA
By F X s, FBEMEENERFHMERASBRETAL
B, EXATH AR RENSEEARBNLEOL PATRE
PR AR A B ] LS T IR FE R ) 6 R A

EEATERHELBGHNOIETLRREAN. BFk. #
B AR TR M B AT LGB ZH W R F S ARG KR
REEHERMNAETOEEFNPERMAGRPERXERE
H, FRBMTAEE-HNERE-HNEEEF P FEHLEP DR
R, HATEEATHETR)EHT AR ERANRNEELI AR
B R E RS MR K, THAWTHL AR EEN,
B Fo 7 A B)-E 06 0 6 i AR R A B RN,

AERFH— GRBA THE& X 1L AR 2 A FHK
Bk, EFEOETANESHYEREN TN
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fG B it 1E F XL ima-Fflie®my, EFR. REF R LEL
#APGHRERPLAR:

“d

|
HN" N

AR AP T ik 5 S A48 A IE AL e X T AL sbib o BE:

8
R (Kro . RS
o
R4 [H]

A F R. R, XfondebZAfoiribiiitidr, HFARAHAEIENE
A, REFEALFMRFETHIOIERAKX 1a oWt XiesF
%

1

18
halo ~o o] ) R3
IHz)n ‘@
R4

AEdn RLRFX b, EEEME BAFRAXATA
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P EBRP.
Bk, X It ekihib oy Tt vl F BB AARH &
F OH 1. Ak F OMe 1. Z=®
‘@' 2. AIC,
3. Mel ! 5 2. BuLl, DMF
HO 2 EDA4 E¥
OMe PhPeCHy . oste - f CaOTES mol % .
, y CHA, J
9 o 0°.4h
.\\A’"-'rox/ 1. H.Cl ,.\An,, OH 1. DPPA, E'SN
one © 2. LiOH o E 2.+]120°C N
© o 3. SRR

<

© 0

g §[..A..Hiu,@// "

AEREAMBLEPRIRE R AFFR2ATAHEALHS,29)
Wt H S, BEBEMNFTHEELSTREAEH R R FvR2G TR,
FERA TRV HEAITR FHERAATOREF T XL5%:

Me Me
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20

H#4 1R,2R stweik, AR FHEA. XZ A MR #E
VLTS BN X

A7 phoeh A I 9375 kBl A L& X I L 4-stiL &,
148t R,

8
R c\ro B
o @
R‘ [H

AP R, R XAend bR EEABRY, FALRAEILEN
A H.

B X, I A4 46 1B - M Bl de SR A B8 = T RE A4 F
HBt., BREF. FUBRNEEREREER. REAMNHELBRTENE
IEBA. T8RP LBITEGRSMRE, TETRAEEXNVoF
TERASGARFOBE. N-BARARBRITENE. N-BEAEF=
B R BT B, N-BE-S-FEk B #-2,3-= PRUEST A G 88, 2,4,5-
ERERTENEF. AT RS HHEHNRAEITRAREGBYE
TR A A @16 A3 AP RARF A N- R X HHE
BRPEAEALLEGBRABRTHRARSFERNELEGEAA. A
# N %37 5 H & Greene #9“ZE A HLEA T #9454 £ H "(John Wiley &
Sons, New York, 1981) ¥ 27, AiBit3| A4 R P. N-ERPLE
HaEmXE ATt ol At =FLIBRL &
TRAzZBA 2-floss 2-t7m% =HEE =fTBA,
SGE_IRL AL EREIHE o-FTHEA EPEX 4-
FEFRA, 4-LETPERE 4HMEAETRALY, SBAHERB
A SPESBAY, KATREHALAFARFREZE K
FEABE SFRAFELAZA sSTAAFRARE 2-MATHR

Ema shpFERAZE 34 —FTREFEAEL 4FERETHR
-17 -
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A 2-HEAS—PREFRAEARE 345-ZFREAFEES
A 1-GIBREE)-1-FRALEAERE, o, a-—FE35-_FHREF
FABX, —EAPEREAZA RTEEAZBL —FaAVELASE
FRAEEE ZEEHEA FHREEEL BREAZE 222-=
RLPAEER REABE 4 MAREARE HAOTRLAY
X RAEABRE ARREAEE NTEERE XEAAARHK
A REASeFTE ZEATA FEATAY AT7aRALH
WwEFEFRAREEAY. AHAYNRPLPAACETRE, Z8A X
ek, ZPACLHA BTACEE ESRF®E FEA RTEH
A A (BOC)FF LE&ZK A (Cbz).

Fr iR BAC R 5L B LBS AL 1Bl de DMAP #2 DCC 1235 H 4] 4o
P A PR R PiEAT, AR AR TR E L Greene
Faxait ey E AR AR X, #lde TFA. HCl(aqy=-f <KX 484K
MAELTH, F3) A 146695,

APpA 1 XN WEBELTHEHE L2TARE
AT, BX 405 RE FTRELFRESH K TR/AERTR
BR, T4 Mla 484

G 0.0 -
\Emn-zzi>
Rl

AP n RLRFXmEEL RIREHE BAFBRALRE
ARy EBARY. KE, —HEREFGT, Hodh SAAGE
BEN inh%A%ﬁi%Nﬂ&ﬁ%ﬂ%&%ﬂﬁﬁwhm&
s X 1B iee.

.18 -




10

15

20

25

llllll

L

AR PYIX e F B AT MY, AR TIERS
MRESFRE, LP;

B 1 ¥k heFELS LY 2 TARBHEALRNSHERARK
RAce-AR LI B WA Rk £ S af ey X &,

B 2 #Edm B2 4 M F36H) 5 A BH AR RSB LAAE
BANAHORLTFREEHHRNE bR KFHLE,

B 3 #8 Ude Bl E LM T4 10 PA LB O@BAE RS
FHF NG AL BN EAAB ARSIk e 5 4 R 8k
b8k 5F 1.

e XSRS
£k 1
3-[L1-( L =FE)RE]-6-F-2- TREFE FEE

AERT, TS594A, @ 3-REBQ24 g 0.2 mol). (24 ml,
0.3 mol)fe— £ F (200 ml) &9 :3E3& F mA 20 ml(0.225 mol) #A BE ..
B A, WARBEBBH A I 3054, MAZRTRE, UE
Fo NaHCO, & oK sb ik Arid A e, £ MgSO, TRIFA TR 4.
733 33.8 g(100%)3-#-1-ABLEEE. £ 150CTF, £ikiksH5 333
g(0.25 moDAICL B 52 10 9-4F. EDSUAKRBAE, RE B RAY
VA BRI K, T HRMgSO,) Frid Bk Ag I K &, 4F2] 29.5 g(0.176 mol,
88%)EHE 2~ 4. 9% P a4 T 200 ml & EF K,C0,(42, 0.3 mol) ¥
F# A Mel(25 ml, 0.4 mol). £ 40CF, §AFRE B iR-A-Himth 12
e, RA R RAMHEEL AR, RAREHETLRFUAOSM
NaOH %k fo K b Arid B, THRMeSO)H AKX, 72 31.20.17
mol, ZH I E 86%)8) 4-R-2-FEREF A AR,

# 4-F2-FEAEALAF(312g 0.171 mol). Z=8(10.5 ml,
0.188 mol)ZE ¥ (300 mD)#9 &k P e 1 g N FHERER. ARk
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LY 1
L)
-
- L]
aAsRswe

]
shen
L]
L]
L |
ahee

$XPHMRRERAHEAKE 12 8. £43%E, ¥4 1 MNaOH
B s Beik PR A WA LR B (Na,SO, #2 K,CO,). REEM H25)
k# 38 g k. HELMET GC LA 8% Fo e AR LK AR
R, f-65CHRERANT, AMEREAE THF(450 ml)&d ik &
AN 128 mi(0.32 mol)#) 2.5 M ETHSE, ERHFEBELEKY-
65CH#IF &, AmA DMF(25 mi, 0.32 mol)# THF(50 ml) ¥ &%, 1%
AR B RSHBRAINERFRBEGCERY IS4 ERETR
BEF EFZ—A1IRE, FRE LRSS NH,Cl 5k %
Hdtvh LRI Z ok, TH(Na,SO)BERRECK B R AAK 60, 1
A 0.04-0.063 mm).L 4eAL AR B A, X EtOAc 1 o MR 9 3L,
23] 10 g 25%)HMAL 2.

'HNMR(CDCI,)d 0.85 (t, 3H), 2.1 (q, 2H), 3.8-3.95 (m, 2H), 3.97 (s,
3H), 4.0-4.15 (m, 2H), 6.9 (t, 1H), 7.7-7.8 (m, 1H), 10.4 (s, 1H).

kA 2
3-[,1(E =R E)RHE)-6-R-2-FTEEETH
EZBRTRERAATY, @FEAZFALLH(14.3 g 40 mmol)
A& THF(250 ml)#4 & i3 % /A 16 ml(40 mmol)#9 2.5 M ET A4E,
R E GRS R R P A THFGO mb)F ) 3-[1,1(B L8R
AJ6-F-2-FRAXTH(10g 39.5mmol). REETRTHMERE
MAMBRE 2 DR EAS TR ERG RS T, FTRF AL
BREEFRAAR R —K BEXENE, S3ARAERAR
89 F A4S 90 acc. Brockmann)3 7 69 B it 38 AT 3 5% 44 FF w4
EtOAc 1 #2838 O 3ull, MMET A mel = R A KA
HIER BRI A4, BREHLARE L&A, L EOAcl L
¥ 9 #eBl, 135 69g(10%) Rt L4 GC MEMHAA 94.5%
86 B 6947 AL,
'H NMR{250 MHz, CDC1,)® 0.85 (t, 3H), 2.1 (g, 2H), 3.8 (s, 3H), 3.8-
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3.95 (m, 2H), 4.0-4.1 (m, 2H), 5.55-5.65 (m, 1H), 5.95-6.05 (m, 1H), 6.7-
6.85 (m, 2H), 7.3-7.4 (m, 1H).

P 3
(1S,2R)-M X.-2-(6- F-2- F FE3-F A XX )IN A A B

4 [B] Evans ¥ /& J. Am. Chem. Soc. 1991, 113, 726-728 i E #ik
AR, £ Al = & FARE4(I)(679 mg, 1.35 mmol)FeF Bk
(12,2°- B A AR ((AR)-4-8 T £.-2-78=9k)])(794 mg, 2.7 mmol HEFL &
RAF#FABACR L, B 3-[1,1(RZEX)AE]-6-F2-FHREAE
Z3%5(19.4 g, 69 mmol)Fo & &K% T B T84(29 ml, 275 mmol)#) &
(18,2R)-NA X-2-[3-(1,1- 2 Z=H X)L K -6- A (2-F AE-F BB %k
B TER, ERBREMEE., %% 94 (40.5%)FE LB, WBitAEF
M LY HPLC M E, stektkit ¥35 99%. WATEBE T 150 ml =
FSIRFH A 30 ml 9 6 MHCL 44 F7iR B R R4 BEH R A
AEUBF Rz 48, REEM £3)19gHk. Sk ZhE
F % 85(250 ml)Fo K (75 ml) ¥ AN 6 g(250 mmol)# LiOH. HFArik
BB A m il £ 90°C BLE 24 B3 BLARZ K ERHMEN, WA G
BB A TR k., ALEH, 58] 112 9
184,
'H NMR(250 MHz, CDCL,)d 1.15 (t, 3H), 1.59 (t, 2H), 2.10-2.17 (m,
1H), 2.22-2.32 (m, 1H), 2.91 (q, 2H), 3.80 (st, 3H), 6.82 (t, 1H), 7.44-7.50
(m, 1H), 11.30 (£ s, 1H).

K3 4
(1R, 2S)-Mfi X-2-(6-F-2- PR A -3- At A X R)sm H A B8

4o B 5t E 3] 3 F AR BREE AR, W 3-[1,1(BTLRER
£)6-8-2-FRAELHHETALAY, FRM TRk 2%
F 7 2 3 ((48)-4-4 T -2 edolt).

-21-




10

15

20

25

.......
......
L) *e

'"H NMR(250 Mhz, CDCL) 5 7.48 (q, 1H), 6.84 (t, 1H), 3.82 (s, 3H),
2.93 (g, 2H), 2.29 (g, 1H), 2.14 (q, 1H), 1.60 (m, 2H), 1.16 (t, 3H).

#HEX I/ D44

FL#HM S5

(% N-[R K-2-2-(6-F-2- £ X -3- A A E X)L B A [-N-(5- K AR
-2-;,?;:)-)1& .

ERAAT, #§3-[L1(BLfA)RR)-6-F2-FEEALH
(32.4 g, EHH| )FoiBA4R-— F L 499(0.30 g)4& =K (200 ml)
PR E 80C. £ 7 DEHAALE SR THREG00 m)FHE L
ATBRLEGIml). MALRE, Srm#k. £16 MEE, AEE
F Lo ab it bbb K ddh, LB LE R OHEH, FIMX-
BR(6.5 g).

A& PR AR X-88(3.7 g, 10.9 mmol)#F Z (20 ml)*F #4 KOH (1.8
g, 32.7 mmol)E FAKR(10 ml) P. 4 ATEE R I 2o 3 I o,
FRATK(30 ml)F A T56(20 ml) ek A R A R, R RS L3R4
H A% HCl 884k, A9 FIREBPFEER = K, FHR(MgS0O,) F %43
BE, BH19g () HX2-3-(1,1- 2L A FHE)6-A-2-F&
AR AL AR,

3 = TRR(59 11, 0.43 mmol)fe — E X B4BLE & R A2 1,043
mmol) A E) B & #2120 mg, 0.39 mmol)& TR P EMNER T, AE
BT, ¥R I, REMRKRE120C. A1 1HE, M
A 2-BA-5-RAEE(51 mg, 0.43 mmol). Bk 5 5h3 bhaf. &
16 G, BAEM, A ZRABHET =K TG0 ml)F il HCI
ik, FHRMgSO)H ALK, A3 152mg. HAREHET ZAAK
PHMANHCI6N, 1 ml). A2 WG, ARXFEREH, EAET
ZRFRES m)F, AKA0+10 mD#edk, THRMgSO &K, #
3] 117 mg. FrRZRAW AR LS, ALBRLEFR TR, &
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%) 37 mg #9 2-F RAFEXR F )4 - .

E-60CTF, ¥ ME KPRy 1M BE(19441,0.194
mmol) N £ A7k 2- 9 K F K P #4537 mg, 0.097 mmol) £ = F
W GERTY. £ 105406, R4Skt 2 oy, A=
F PR ITR SR, AR NaHCO, ok 36k, FH(MgSO,)H % XK.
Fri R MeCN £4 5%, #3] 17 mg AFH 444,

'H NMR(250 MHz, DMSO-dg)® 1.07-1.16 (m, 4H), 1.41-1.50 (m, 1H),

1.91-2.01 (m, 1H), 3.06-3.19 (m, 3H), 6.86 (dd, 1H), 7.43 (d, 1H), 7.80-

7.90 (m, 1H), 7.97-8.08 (m, 2H), 8.32 (d, 1H), 9.83 (s, 1H), 13.2 (d, 1H).

kM 6
(1R,2R)-N-(N& X.-2-(6- Fi-2-#2 2.-3- R 8 A 2)- 37 A )N -(5-FLk ik
R-2-%)-Bk

3 Z T H(0.85 ml, 6.1 mmol)Fr = F X S X & RALW(1.72 g, 6.1
mmol)Ae A 2 £ FHH] 4 P H E49 TR 8(1.47 g, 5.5 mmol) & T BT
FOASmL)F eI P. EERT, FTRAATHAMEERBH 305
4, REMMAKZ120C, £ 15 5475, A 2-8RK-5-RAER(0.99 g,
8.9 mmol)£ DMF(3 mL) P #95&. 4k&kheik 4 Duf. REFE, Ff
R A A LEE(100 mL)#» LB L& (50 mL)## L 1 MHCL. H,0
Fo iRk, TRENaSONVTRAMES RS, A E Wl R
RE B ESAA, A LB LB/ ETH1:10 £ 1:1 %M, 55 1.6 g(66%)
Arik 2-F RAE X P A4,

A-T2CF, FHEARATH=FAMA CH,CL T8 1M BE#&(11.0
mL, 11.0 mmol)fe X £ A 2. % §LE ¥ K + 14 £(1.40 g, 3.66 mmol)f
CH,CL(80 mL) P #938kF. £ 10 4445, Mbpd-nib ol 1
INEF 15 446, Rk sk CH,CL ##3HvA NaHCO, K& #&. H0 %=
Hokskidk, FRNaSONVAMEN KM, RETHMH0 L1 HES
it 0.62 g thtgiFMLSH. WRAARDRGHELAN LB LE/ED
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110 £ 11 LB LAY BTk, REATHER, $H02g
MM FH., R EEH 0.82g(61%). weFliitAF b4 k6§ HPLC 2
G AAE, K oeeH 95%. [a]2-171.2° (c=0.50, CH,CL).

'"H NMR(250 Mhz, CDCl,)® 13.35 (d, 1H), 10.02 (br s, 1H), 9.40 (brs,

1H), 8.1 (s, 1H), 7.71 (m, 2H), 7.00 (m, 1H), 6.61 (¢, 1H), 3.21 (m, 1H),
3.01 (g, 2H), 2.03 (m, 1H), 1.55 (m, 1H), 1.29 (m, 4H).

g 7
(1R, 2R)-N-[HA X-2-Q-(3- KA F A Z A H5)-6-K-3-Asth X H)KH
AN -(5-R AR -2-2)-Bk

AFERT, FTREARTGOEERN 6 PREHLESH(164g 44
mmol). BOC-4&##) 3-8 X £ F&#(1.6 g, 6.6 mmol)fr 4-—F AL L
HEPZ (269 mg, 2.2 mmol)#E 20 ml =, FIF= 10 ml &9 DMF F 65:5%
A 1.36 g(6.6 mmol)DCC. AT R B RAWEH 24 IR, Dy
EEEMNARRAEAENGCR/ LR LE 1], Ak ESiis
H, 13%)]2.6¢g 8 BOCARP 78 =4, £ O0CTF, AT FHhimA
5 75ml =R LEEP. REALEOCTHAMRRSHHA 1 D, DY
REREEN. ELRUE o BIFZNE 5 BT, T
BT IAGHEE, EAEARBMNY LB LE/IRK 41, £2K
B EaH, 38103 g AHRBROFMALESD. AELRY
& 3ml #9 1 M HCI & 2% ¥ B 434 F 2441454 084 g. HPLC &
A K 97%.
'H NMR £ 49 5:(250 MHz, CDCL)® 1.09 (t, 3H), 1.2-1.3 (m, 1H),
1.4-1.5 (m, 1H), 1.95-2.00 (m, 1H), 2.83 (g, 2H), 3.15-3.25 (m, 1H), 3.85
(s, 2H), 6.90 (dd, 2H), 7.09 (¢, 1H), 7.20-7.27 (m, 1H), 7.44-7.46 (m, 1H),
7.56 (dd, 1H), 7.65-7.77 (n, 2H), 8.13 (d, 1H), 9.1 (X 5, 1H), 9.6 (X s,
1H).
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£3kM 8
(18,28)-N-(Afl X.-2-(6-F-2- 2 K-3- AR A )31/ X)N*-(5- KA,
o -2- ) Bk

ERAAT HZTHEGT0 pl, 48 mmo)fe— £ X sm L & Kb
#(1.05 ml, 4.9 mmol) A\ 2| f£ £ 34 3 P S ATRB(12g 4.5
mmo) A FRFER(NOm)PHER . AEET, HAMREZHH 30
D4, BEMKE 120C. £ 155415, o 2-84-5-FAH"Z(0.80
g, 6.7 mmol) £ = F & PBLER(1.5 ml) P #9384k 8wk 4 /NBE, B
BB BB I M S8k, THRMgSO)MEAIEH K
B, BV B RE BN kBRI, FRAETR/TLEKT
B8 1:1, RASMZBLEETA) RRIHRR L 2-PREERGTAY
093 g). R EREM M, EHLENH, BB Rk 2-FH
AFERSTEH(0.70 g, 41%).

HA-60CT, WEZLAMBERKTETS IM HE&(GS5mL, 5.5
mmol) A B Ak 2-F FAF A F ) 4K(700 mg, 1.8 mmol)/£ =K T
PEIBR T, £ 10 5476, WAt ek B 2 e, PRk
BAZRFRAE S A AR EREE, TRMSO)ATRA M
EABG, WRAVB AR B, EOR CBOLE
2.1, 1:1. 132, ZBRTE§: PRB: 1)L, 135 4MALEH(500 mg,
74%).

[« ]2 +165.0° (C=0.5, CH,CL,).

'H NMR(DMSO-d,) 8 1.10-1.16 (m, 4H, CH,, CH,-3£ @ 4%), 1.45 (dd,
1H, CH,-3¢##), 1.96 (q, 1H, CH-3¢ & %), 3.10-3.19 (m, 3H, CH-3% &
A CH,), 6.85 (t, 1H, Ar), 7.43 (d, 1H, Ar), 7.86-8.07 (m, 3H), 8.32 (s,
1H), 9.83 (s, 1H), 13.22 (s, 1H, Ar-OH).
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%A 9
(18,28)-N-[N X-2-(2-3-B A F AR A F X)) 6-R-3-ABEEX) K&
AJN-(5-RA T 2-2)- Bk

MAE R34 6 P Roik 654L S -4, %&Fl&%MJ 7 FHE
895k, RSBz,
'H NMR(250 MHz, DMSO-d) 8 0.94 (t, 3H), 0.9-1.0 (m, 1H), 1.3-1.4
(m, 1H), 1.85-1.95 (m, 1H), 2.91 (q, 2H), 3.05-3.15 (m, 1H), 7.4-7.5 (m,
2H), 7.6-7.7 (m, 1H), 7.9-8.1 (m, 5H), 8.08 (4, 1H), 9.85 (s, 1H).

%3EM 10
(18,28)-N-(Hf X,-2-(6- f-2-2 % -3- R Bt A X K)- 30 )N -(5- 18 bz -
2-25)-Wk

LAERT, FRAAFTH(IS2R)-MX-2-(6-FA-2-FHE3-HEk
AFEVRRALHMB.0g 11.3 mmol). = ZB(1.58 ml, 11.3 mmol)F=
¥ AL RALH(2.44 ml, 11.3 mmol)E T FRFEB m)F.
AERT, WHRARARSHBH 3054, LEWRESAE 120C
FHH 5515 540, RE, A 2-8K4-5-897%(2.08 g, 12 mmol)
HAE 120C THATR R B RAMWEH 2.5 1. /mAEzH IMHCLE
RARFEAIATRL., AT/ LRTE 11 X RBMN, £
B EHALE M. AR B8R FH] 5.0g(1S,28)-N-QB X-2-(6-
B2-FEEI-ABAEL)-IRFE)-N-(5- o -2-K)-Mk. HAriE
oo F o RTRA00 ml)F, EAEERRBESARTHAN
£-65C. MAZRAFMBEOml A=K TR T 1 MERE, 30 mmol)if
B FTA BB RS HEE TiBEE, AR TRAIEHEBEA.
REFHAGHERN LR CE T O N RME, £ EHAXE
M. 135 1.96 g(41%) A4, )

o HHHAE: C512,H41,N99. FEW4E: C51.5,H3.7,N95.
Mp: 198-199°C. [a ], +149.8° (c=0.50, CH,CL).
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'H NMR(250 MHz, CDCL)5 1.28 (¢, 3H), 1.52-1.62 (m, 2H), 1.94-2.05
(m, 1H), 2.97-3.06 (m, 2H), 3.17-3.20 (m, 1H), 6.60 (t, 1H), 6.76 (. s,

1H), 7.57 (dd, 1H), 7.67-7.72 (m, 1H), 7.83 (X s, 1H), 8.53 (¥ s, 1H),
13.32 (d, 1H).

£3kH 11
(IR,2R)-N-(M X-2-(6- F-2-5# 2 -3-F B A F )30 5 3 )-N*-(5- 38 ok -
2-%)-Fk

18 B F W geik 2,2°- 8 7 i X s (48)-4-4 T 2228 r ik (A Aldrich
#2)), RERAEY 3 PREGRAE, L2 LHH 2 PREHHS
My R IR AL, KERFFHH(IR,2S9)-M X.-2-(6- Bo-2-
WEA 3B A R XN A RSB RN T REH 10 695 1A,
A3 A M A9,
'H NMR(250 MHz, DMSO-d,) & 1.05-1.15 (m, 1H), 1.12 (t, 3H), 1.40-
1.50 (m, 1H), 1.90 (q, 1H), 3.00-3.10 (m, 1H), 3.12 (q, 2H), 6.82 (t, 1H),
7.18 (d, 1H), 7.78 (dd, 1H), 7.88 (X s, 1H), 7.95-8.05 (m, 1H), 941 (X s,
1H), 13.20 (s, 1H).
[a]p2-153.8° (c=0.50, CH,CL,).

E#kH 12
(1S,28)-N-[ll X-2-Q-3-BAE LA HA)-6-#-3-RBEER) K H
AN -(5- e bnZ -2-%)- Bk

AEERT, THRARTQLHH 10 #9446 (633 mg, 1.5 mmol).
BOCAR# 89 3- 54 % T8 (475 mg, 2 mmol)s 4-= F & & K whr2(123
mg, 1 mmol)4& 20 ml =K FH.DMF 1:1 ¥ #5255 F e 415 mg (2
mmol)#9 DCC. A& B A RAMBLAE 36 Dut. Do B A M IR
RAEAEMNG TR LB TE 111, Ao ath, F32 811 mg
# BOC-tR 4P e 478 = %, % S E T =H555(20 ml) ¥ 5w 10
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ml 85 6M HCl, $H#FFdRaMmBtidE. o ATREEMN. AL
By LA B A, 133) 255 mg 482 HCL 369478 & . P HPLC
B A K Y 93%.

'H-NMR(250 MHz, CD,0D)% 1.15 (t, 3H), 1.3-1.4 (m, 1H), 1.5-1.6 (m,
1H), 2.05-2.15 (m, 3H), 3.04 (g, 2H), 3.23-3.27 (m, 1H), 7.16 (d, 1H),
7.34 (t, 1H), 7.85-7.93 (m, 2H), 8.05 (dd, 1H), 8.19 (5E d, 1H), 8.26 (£ s,
1H), 8.35-8.37 (m, 1H), 8.42-8.46 (m, 1H).

£#kH 13 ,
(18,28)-N-[Mf X.-2-(2-(3-L-A H B AL XX B A FH)-6-F-3-ABAE
2)-3RH AN ~(5-i8vkbrz-2- %)Mk

£ RAl4e Bodanszky #9 “ARA-AL & 3k38” # —J&, Springer, 1£
A A A F 3 A TCE-R 4 69 3-RAX F 84 &-23546-4 BOC-
A6 3-L-RRBAEAETH., R AR 12 PHREGRHE, £
B 5 A 10 $9ILSMER, IR D HCI & e947M = 4.
'H-NMR(250 MHz, # i #94&, CDCL)d 1.10 (t, 3H), 1.15-1.25 (m, 1H),

' 1.4-1.5 (m, 1H), 1.42 (d, 2H), 1.76 (X s, 2H), 1.88-1.97 (m, 1H), 2.84 (q,

2H), 3.1-3.2 (m, 1H), 3.59-3.67 (m, 1H), 6.78 (d, 1H), 7.09 (t, 1H), 7.85-
7.93 (m, 2H), 8.08 (d, 1H), 8.11 (s, 1H), 8.29 (X s, 1H), 9.05 (X s, 1H),
9.70 (£ s, 1H).

%364 14
(18,2S)-N- { Nt X,-2-[6- #.-3- 7 Bt A-2-(4- bR A A R A)E R K
N -(5- i mtmr -2- ) Bk

AR LA 12 M5k, TR 10 6 F 5 R EREBE,
12304k b HCI 3 647 = 4. o
'H-NMR (250 MHz, CD,0D)3 9.26 (d, 2H), 8.83 (d, 2H), 8.14 (m, 2H),
8.04 (dd, 1H), 7.39 (t, 1H), 7.10 (d, 1H), 3.38 (m, 1H), 3.08 (m, 2H), 2.15
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(m, 1H), 1.62 (m, 1H), 1.38 (m, 1H), 1.13 (¢, 3H).

K 15
(18,2S)-N-{M X -2-2-C- = FEEAF LB A FA)-6-FK-3-ABEE
AR A KN -(5- 38t -2- K8

AR T L) 12 855 ik, REHRF 1085485 3-—FAR
AFEPEES, AE4EH HC 65474 5 9.
'H-NMR(250 MHz, CD,0D) 5 8.61 (s, 1H), 8.45 (d, 1H), 8.15-8.03 (m,
4H), 7.92 (t, 1H), 7.34 (t, 1H), 7.10 (d, 1H), 3.48 (s, 6H), 3.28 (i, 1H),
3.00 (m, 2H), 2.11 (m, 1H), 1.58 (m, 1H), 1.38 (m, 1H), 1.14 (t, 3H).

k&M 16
(18,28)-N-[Mf X-2-2-3-BA FTAX FRAL T HK)-5-$-3-Ast %
A)-F RE]N-(5- 2 -2-5)-Bk

Ay T & R FACEE R (1 M £ MeOH )4 34T M&&&
EATEETHRE pHI HAL. ¥ELMET LR FHF AL
PSR, KRR ERNFRE, 2B I-RTRESR
EBELFPARXTRELATRL. AV FSULAEAELR, #H
#5 FEA40 10 $941 (£ DMF + R AL, £ 2 DIFEE
B, VALBRBRA AR AR P, URERRIFRK 2
VAL BR LB/ T30 12 e, AaR LR Fd, FRER
LER R BBAE et Mt St A, AR A BRGIFRALEHH R
g ik,
'H-NMR(CDCL) 8 1.1 (t, 3H), 1.3-1.5 (m, 2H), 2.2 (q, 1H), 2.9 (m, 2H),
3.2 (bs, 1H), 4.2 (s, 2H), 5.9 (q, 2H), 6.8 (d, 2H), 7.0 (t, 1H), 7.3-8.1 (m,
9H).
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gt 17
(18,28)-N-(M K-2-(2-(3- B A 4- T A X PR EL)-6-F-3-ABEER)
IR XK)-No(5-38 k2T -2- )k

BBARAES 12 PHk, #&EH FKEH 10 69(1S,29)-N-(A X.-2-
(6-F-2-2K-3-H A E L) KAL) N-(5-ik bz -2-5)-B 5 3-RT
FABEBBLATEAETRES. A AN ZRLBAEFE
K, FEEA BRGSO MG =R TBE,
'H-NMR(CDCL)® 1.1 (t, 3H), 1.3-1.5 (m, 2H), 1.9 (g, 1H),2.4 (s, 3H),

2.9 (q, 2H), 3.1 (BS, 1H), 7.1 (t, 1H), 7.4 (d, 1H), 7.8 (m, 1H), 7.9 (m, 2H),
8.1 (s, 1H), 8.3 (s, 1H).

%41 18 |
(15,28)-N-(Mi X-2-2-(3- LA B A ¥ Pt fih)-6- R-3-AdAFE L)
A R)-N-(5-ife b ng . 2- 2k

BBA A 12 PHE, WEA 10 e s 3-(N-TAR
TEEABABMBR)EZTRES, ARAFUAZRILBREAEL
FE A B ARSI ELSBH R B,
'H NMR(CDC1,)3 1.1 (t, 3H), 1.3-1.6 (m, 5H), 2.9 (g, 2H), 3.1 (bs, 1H),
3.5 (q, 2H), 7.1 (t, 1H), 7.2 (bs, 1H), 7.6 (t, 1H), 7.7-7.8 (m, 2H), 7.9 (d,
1H), 8.1 (s, 1H), 8.2 (d, 1H), 8.4 (s, 1H).

£3#H 19
(18,28)-N-(Ifi X.-2-(2-quinolo-4-% #.%-6- f.-3- A BLAF AR H 4)-
N’-(5- 1 vk -2-2)-Bk

BB EHA 12 P HE, R 10 e 5 4-Edkai &b
HEREHETFZRLBRPHEL, F346H BAOFALEHE
LER .
'H NMR(CDCL)® 1.1 (t, 3H), 1.2 (m, 1H), 1.5 (m, 1H), 1.9 (m, 1H), 2.8
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(q, 2H), 3.2 (bs, 1H), 6.7 (d, 1H), 7.2 (t, 1), 7.5 (m, 1H), 7.7 (t, 1H), 7.8-
8.0 (m, 2H), 8.2 (d, 1H), 8.3 (d, 1H), 8.8 (d, 1H), 9.1 (m, 2H), 9.2
(bs,1H).

F£3M 20
(18,28)-N-(M X-2-(3-BAE F X 2-FEEFBEL)-A-3-ABAEL)
IR )N -(5- i ik mE -2 ) - Bk

BB LS 12 ik, WEES 10 G HE R TR
ABEL-FEETRES. WASWUZRLEBLERZFERL &
B 4E 4 B e i AL A-.
"H NMR(CDCL,)® 1.1 (t, 3H), 1.1-1.3 (m, 2H), 1.9 (m, 1H), 2.5 (s, 3H),

2.9 (q, 2H), 3.1 (bs, 1H), 4.2 (s, 2H), 7.0-7.2 (m, 2H), 7.4 (4, 1H), 7.6-7.7
(m, 2H), 7.8-8.0 (m, 2H), 8.2 (bs, 2H).

K4 21
(18,28)-N-[M X, -2-(6-#-2-(4- R A T A F LB AR K)-3-HBEAEL)-
IR A AR ]-N-(5- v -2- 1K)k

ity 4gd-RA X FELE 200 ml MeOH P #9565 ¢
DCC# & 4-(BRTRAABEABRELETR)ETR. WHARESMAL
BT HH 70 ey, HEREFREBO _RTERSFELETRER
M, 1%8]7gMFH. HARTEAEET 500ml MeOH $#mA96g
CoCl, 6H,0. M#Frik&#hiA NaBH, 4 RAE, 5 IHBRAELR
BiRA R E . Bk 150ml 49 1M HCl(aq.)BR AL 3 X 2
x 100 ml #9 CH,CL, 332, %8 HE &g K40 100 ml %9 25% NH;(aq. )&t
#, vA3x 100 ml CH,CL#&3, ¥4 Na,SO, FRH M4, 72| 264¢g
AREE .

% A T 30 ml 89 =R AR RAW(2:1)F H L 1.5 NaOH(s)
b7 20 B, AR e 40 ml R T B/ACRAH(1:1). ImA 3Tg
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BB R T RE SRR 24 I, RERAZSHRAR
2% 50 ml TEIRIRiERAH. WHATE AL NaHSO, B 4t(pH~1.5-2.0)
ek 3x 75 ml LEEAREL, WiEe 4R PBURL S0 ml K&,
Na,SO, FR;FEL, AIEAHGERARG FHEE4-(RTREEES
BATR)VETHR, |
FA-ETEAREBELATRETHAR B X344 104
(1S,28)-N-(f X.-2-(6- F-2-2 A& -3-H B A F XK)-30 A KN -(5- 38 X -
2-%)-BRsE A, HAER L] 12 PR F 5 BOCHRPAH,
2464 B M~ .
'H-NMR(250 MHz, CDCL,)d 0.98 (t, 3H), 1.05-1.20 (m, 1H), 1.31-1.49
(m, 1H), 1.69-1.90 (m, 1H), 2.65 (q, 2H), 3.33-3.49 (m, 1H), 431 (£ s,
2H), 7.02-7.22 (m, 2H), 7.35-7.49 (m, 1H), 7.50-7.68 (m, 2H), 7.69-7.83
(m, 2H), 8.08 (d, 1H), 8.37 (%X s, 1H).

LA 22
(18,2SR)-N-[M X,-2-(6- f.-2-(N-F X wlR-5-H L FX)-3-AB L EL)-
BR R 2K ]-N-(5- 8w e -2- 2 ) -k
i) N- ¥ 2 73] e 5- 35 BR 6 ) &

EEERT, %01 g9 R5-RB5 2 S FH A TPHRBRFTEAL 1 ml
DMF % &4~ 5 /et &RLEMFITER 'H-NMR:
'H-NMR (250 MHz, DMSO-d)8 2.76 (s, 3H), 6.57 (X s, 1H), 7.46-7.50
(m, 2H), 7.75 (dd, 1H), 8.23-8.29 (m, 2H), 11.56 (X s, 1H).
i) #&ArAitt

1B RS 12 PRRGTE, EN-FPEABRS-BBRPRE R
#4) 10 65(18,28)-N-( X,-2-(6-#.-2-£ 4 -3- A A5 K)- 30 R H)-N-
(5-iwtoR-2-R)-M i, A BREGATEEY.
'H-NMR(250 MHz, CDCL,)® 1.08 (t, 3H), 1.15-1.25 (m, 1H), 1.39-1.50
(m, 1H), 1.92-2.08 (m, 1H), 2.89 (q, 2H), 2.90 (s, 3H), 3.20-3.35 (m, 1H),
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6.55 (& s, 1H), 6.65 (£ d, 1H), 7.11 (t, 1H), 7.20-7.29 (m, 2H), 7.41 (dd,
1H), 7.72-7.83 (m, 2H), 7.95 (dd, 1H), 8.51 (¥ s, IH), 9.25 (X s, 1H),
9.43 (X s, 1H).

Kk 23
(18,28)-N-[NE KX -2-(6- B-2-(FR-4-F X K )-3- BB A EX)- 308 %]
N-(5- iz -2-K)

18 LB 12 PR Tk, R4 B AR B 34 10
89(15,28)-N-(f X.-2-(6-#-2-F2 K- 3-A B X K K)- 3R 5 K)-N"-(5-if b
R-2-3K)BRba b, FE|4EH Bak H e M .

'H-NMR(250 MHz, CDCL)8 1.07 (t, 3H), 1.17-1.30 (m, 1H), 1.31-1.47

(m, 1H), 1.90-2.10 (m, 1H), 2.89 (q, 2H), 3.02-3.18 (m, 1H), 6.75 (% d,
1H), 7.00-7.35 (m, 4H), 7.55 (dd, 1H), 7.60 (d, 1H), 7.79 (dd, 1H), 7.89 (d,
1H), 8.10 (d, 1H), 9.27(5€ d, 2H).

F 3k 24 .
(18,2S)-N-[ Mg X,-2-(6- F-2-(3- R A-4- R E XA X)-3-HEAEL)-
SRR AN -(5-38 ko2 -2- )Mk

18 7 KA 12 FRHRFE, K I3-REA-RETRAILE EHE
#) 10 #5(18,28)-N-Of X -2-(6-f.-2- 2 4 -3-RBe X £ X)- 70/ £)-N-(5-
b 2 K )-BRME 4, ARB 4 Hak AR 4,
'H-NMR(250 MHz, #41, CDC1)d 1.10 (t, 3H), 1.17-1.30 (m, 1H),
1.42-1.52 (m, 1H), 1.88-2.01 (m, 1H), 2.88 (q, 2H), 3.19-3.31 (m, 1H),
4.25 (% s, 2H), 6.80 (£ d, 1H), 7.09 (t, 1H), 7.35 (t, 1H), 7.48-7.60 (m,
2H), 7.66 (d, 1H), 7.73-7.88 (m, 2H), 9.25 (¥ s, 2H).
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(18,28)-N-[Af X -2-(6- F-2-(Hoz-3- A B A FRX)3- AL ER) L F
EI-N-(5- KA -2-2)-Mk

oat O
o ""-N *N \N
H H

5 3 2364 8 69484 (50 g, 0.68 mmol). NN-=3RT A8 = Tk

asw T8

(0.168 g, 0.81 mmol). JBE(0.1 g, 0.81 mmol)#= 4-(=F X B X )bz

(0.041 g, 0.34 mmol)# TR RAH%E T CH,CL(5 ml)F» NN-—F AT
BAE(DMF)2.5m)¥. REEERTHRHAZRSY. 20 MG, i
BAFRBESWFEETFR REFEMER D THRFRyIHiT
10 B, B REGERESR FELF AL EI R (TR LB, 7
B 1M AL S-4(0.168 g, 50%). BN ENH- TR EL HFHH R,
'H NMR(CDCL,): 9.89 (br s, 1H), 9.41 (m, 1H), 9.33 (br s, 1H), 8.86 (dd,
1H), 8.46 (dt, 1H), 8.18 (d, 1H), 7.80 (dd, 1H), 7.71 (dd, 1H), 7.49 (ddd,
1H), 7.13 (t, 1H), 6.92 (d, 1H), 3.18 (m, 1H), 2.88 (q, 2H), 1.99 (m, 1H),
15 1.52 (m, 1H), 1.25 (m, 1H), 1.13 (t, 3H).
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(IR,2R)-N-[ M X-2-(6- F-2-(oE-3- X R X )-3- A A X X)-571 &
RN -(5- AR -2-K)-Fk

ALET
.

0

)

o

© N

5 & 3364) 6 49464-9(0.1 g, 027 mmol), NN-ZHTEAH - B

(0.067 g, 0.33 mmol)F= X & (0.037 g, 0.3 mmol)& TR R4H &% F=
£ FRQ ml) . Ak 4 DMF VARS8 & B A R, RE
A A4-(ZFEEL)RR(0016 g, 014 mmol). ELBT, HFELR
R, 20 1HE, AEREEN LA NI T EBAKERQH

10 1-2)F it ik, RS A B S48 Ak o ok 2 A ol of it B pr
WAL ., Bt BT R(SRTR-F8, 15:1)546, F2)4H4L
44 0.072 g(56%).
'H NMR(CDCL): 9.85 (br s, 1H), 9.42 (s, 1H), 9.35 (br s, 1H), 8.86 (d,
1H), 8.47 (dt, 1H), 8.18 (d, 1H), 7.81 (dd, 1H), 7.71 (dd, 1H), 7.48 (dd,

15 1H), 7.13 (1, 1H), 6.92 (d, 1H), 3.19 (m, 1H), 2.91 (q, 2H), 1.99 (m, 1H),
1.49 (m, 1H), 1.24 (m, 1H), 1.13 (t, 3H).
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(18,28)-N-[Mfi X,-2-(2-(3-(N-Z % N-Boc-EA)E X g R F %) 6-F-3-7
WA R )-SR AN -(S-Fnbeg-2- K )-Bk

e
AS

A 234 8 K9S H(0.37 g, 1.0 mmol). NN-Z3RTEH 8K
(025 g, 1.2 mmol). 4-=F & &A#52(0.06 g, 0.5 mmol)Fo 3-(N- 2. &~
N-TEEZR)VEA KX F8(0.320 g, 1.2 mmol)(iflit 3-E A X FE L
BMBAC, BUG %Y TR B AR H)£)E T =K F5(8 ml)#F» DMF(3 ml)
P, REATRTHNRRAHEHE. £18 DG, LEBREEHN
HicAnn ZHEE T RPRPREE. MREFEREAKREER
BB BAT (LB TBR- TR, 32)464L, 155 4 sz L6
(0.24 g, 39%).

'H NMR(CDCL,): 10.0 (br s, 2H), 8.20 (d, 1H), 8.06 (d, 1H), 8.03 (m, 1H),
7.77 (dd, 1H), 7.70 (dd, 1H), 7.48 (m, 2H), 7.10 (t, 1H), 6.95 (d, 1H), 3.71
(q, 2H), 3.14 (m, 1H), 2.90 (q, 2H), 1.95 (q, 1H), 1.44 (s, 10H), 1.2-1.09
(m, 7H).
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(1S,28)-N-DHl X-2-2-(3- LA HE F A B X FK)-6-R-3- F B A E L)
369 )N -(5-Foaknbe-2-24)- Bk

=N
F o “
ALY
Xy ""N’lLN Sy
H H
~o
T30

H\

5 &= £ BR(5 ml)AmA &) 534 27 49 4¢-4-44(0.120 mg, 0.19 mmol)
BP0 m) PR GERT, ATRT, WArd Wik
El208, REEAKXET. EHPLCHI &R C-18 4, 40%AKE LA
YRS S Y, 32 0.045 g30%)EAH Z R LB 697 M
e, |

10 'H NMR(CDC,): 11.08 (br s, 2H), 9.83 (br s, 1H), 9.36 (br s, 1H), 8.23-
8.08 (m, 3H), 7.82-7.54 (m, 4H), 7.13 (t, 1H), 7.02 (d, 1H), 3.42 (q, 2H),
3.20 (m, 1H), 2.83 (q, 2H), 1.94 (q, tH), 1.46 (m, 1H), 1.34 (t, 3H), 1.24
(m, 1H), 1.06 (t, 3H).

\

15
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FE34 29
(18,28)-N-Dl X-2-2-3-= F AR A XA F X XY 6-A-3-Amt ¥
)R 5 2 -N-(5- R AR -2- ) Bk

5 A& k4 8 $94L-49(0.1 g, 0.27 mmol). NN-3R T LA

(0.067 g, 0.33 mmol). 4-=% % £ K 4k22(0.016 g, 0.14 mmol)Fr 3-=F
A K T 8(0.054 g, 0.39 mmol)iE T = F 52(3 mi)F= DMF (1 ml)
b, EERTHAAEEBWAE 16 1o, KERTHREEN 4B
BEETRFRPELE A ENE(CRLE-TR 21)EEL

10 HPLC(C-18 4, 0.1% TFA £ ZAF P)4hie, FaEH =R B ok
M AL&¥ 0.1 g(58%).
'H NMR(CDCL,): 8.38-8.23 (m, 3H), 7.92-7.69 (m, 4H), 7.15 (t, 1H), 7.05
(m, 1H), 3.32 (s, 6H), 3.26 (m, 1H), 2.89 (q, 2H), 2.02 (m, 1H), 1.55-1.27
(m, 2H), 1.10 (t, 3H).

15
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%344 30

(18,28)-N-DiE X-2-Q2-G-L- M KB A A XA B X AR )6 A 3-FMARE
)3/ AN -(5-R Ao -2- K)-Fk

'_:N

Fiie

5 a) 3-(N-Boc-L-# £ 8t) £ 7 X ¥ 7 8% By

- Gt

#£42 Villaneuve # Chan #5753k, w&HktkiR 1997, £ 374 &
6489-6492 R &k ¥ 4. ARARKT, ¥ N-RTHREBAL-4H
10 £.8(2.17 g, 10 mmol)F» £KHF(1.32 g, 5 mmol)4E =, FI(20 ml)
b ey RS RS E78C, BRALE_KFTROOmD)PHZRE
2.6 g, 10 mmol) e fr i R4 BEHF 30 574F. RERMRALET
F£F R0 mD) P49 3-AAEFTHRFE(.5 g, 10 mmol), HEIRAL=
HPRXPH=TH(1 g 10mmol). RESFREEAHAINER, X
15 BRETREAMN. BRRIRENK(TR-CLRTE, 3 1)HLBRLY,
MIEMNTBUE-T T E4 L, 42 0.7 g28%) vk Ligid eh shey T
A 4.
'H NMR{(CDCL,): 8.30 (br s, 1H), 8.07 (d, 1H), 7.85-7.75 (m, 2H), 7.37 (t,
-30.



1H), 5.15 (d, 1H), 4.05 (m, 1H), 3.91 (s, 3H), 2.26 (m, 1H), 1.48 (s, 9H),
1.03 (dd, 6H).
b) 3-(N-Boc-L-%i £ 8t) AL X FE

5 B a)F 18 45(0.65 mg, 1.8 mmol) &% F FB(6 m)F K (2 ml)
B, A S HAL420.11 g 3.9 mmol)F £ F B T AR RA WA 24
BoEF. REAK(0 ml)Ffde kAl £E—F. X 10220 ml LB
LESH R PR AR, BB A EBARE R, A LB LEE(2 % 20 ml)
10 B, FHFATEL, BB R B P a4k 0.524 g(84%).
'H NMR(CD,0D): 8.23 (t, 1H), 7.84 (d, 1H), 7.76 (d, 1H), 7.42 (t, 1H),
6.70 (d, 1H), 4.00 (m, 1H), 2.08 (m, 1H), 1.45 (a, 9H), 1.00 (d, 6H).
¢) (18,28)-N-[ Ml X,-2~(2-(3-N-Boc-L- 4 £ 8L £ A F A B HE)-6- R-3-
ABLEE AR B AN (G- A -2-5)-B%

15
- 3 ) 8 654649023 g,0.62 mmol). NN-=HTLEHK T

B(0.153 g, 0.74 mmol), 4-=F %R E99%(0.038 g, 0.3 mmol)F=F &
b) ¥ E4£(0.25 g, 0.74 mmol):& F =K FH(9 m)F DMF 3 mD)¥. £
-40 -
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TRT, BARELLEWHE 1918, AEREEMNAFEARTHE
FToRPREFHLR, @i B R(TRLER-TR, 1:1)444, #3)
0.029 g(67%) %569 N-$k P 7ML &4,

'H NMR(CD,0D): 8.56 (t, 1H), 8.27 (s, 1H), 7.98-7.82 (m, 4H), 7.53 t,
1H), 7.23 (t, 1H), 7.10 (d, 1H), 3.98 (d, 1H), 3.09 (m, 1H), 2.90 (q, 2H),
2.06-1.93 (m, 2H), 1.44 (m, 10H), 1.18-0.94 (m, 10H).

d) (18,28)-N-[MR X-2-2-3-L- S &S EA XA B X EH)-6-F-3-mst
EFA)- SR A RN -(5- RALR -2-4)- B

e N-1%37 69 F BE )85 18.-6-9(0.16 g, 0.23 mmol)Fv 5 8(0.054 g,
0.46 mmol)A F=RFRO m) ¥ H A E0C. WAZRTE(6m)
HFAEBTRRAHABEBARE L I, BEETF, MEBEHE(=
£ T R-PEE, 10:1.5)564L, 182]0.150 g(90%)4E A TFA a4
.
'H NMR(CD,OD): 8.60 (s, 1H), 8.25 (d, 1H), 8.0-7.85 (m, 4H), 7.53 (¢,
1H), 7.21 (t, 1H), 7.09 (d, 1H), 5.0 (m, 1H), 3.12 (m, 1H), 2.96-2.87 (m,
2H), 2.20 (m, 1H), 1.97 (m, 1H), 1.46 (m, 1H), 1.09-1.03 (m, 10H).
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%KM 31
(18,28)-N-{#f X -2-[6- R-3- A8 A-2-(6-Z X R A bz - X P X EA)
R AR RE) N (5-RAR-2- 2%

=N
F =~ ~

‘ \"A"t i X l
* N N N

OH H

O
/ N
N—-"

AN

a) 6- LA KA MR

O
an W

it b K#EH) 35 TR ) PHLEAAAR 5%, M 6-FABF T
REHEEFEE R1-THERLBRUEA TR, €448
(MeOH-CHCL V%2 0.53 g(50%).

'H NMR(DMSO-dy): 12.1 (br s, 1H), 8.54 (d, 1H), 7.77 (dd, 1H), 7.15 (t,
1H), 6.45 (dd, 1H), 3.33 (m, 2H), 1.14 (¢, 3H).

-42 -




b) (18,28)-N-{XA X-2-[6-R-3- AL A -2-(6- LA RAMR-3- AR AHR,
A)E R AE)-N-(5-RA -2- K8k

{/N
F 0 =
ALY
A, 8L
OH H

& s34 8 494L4-4(0.1 g, 0.27 mmol). 6-Z K KA IW#(0.084 g,

5 0.54 mmol). N,N'-—3R &8 = 3 (0.127 g, 0.62 mmol)#= 4-=-F X
KA (0.016 g, 0.13 mmol)iF T DMF(3 ml) ¥ H# £ 30 B & T 3¢
E. E19IEE, AEREFEN G RBEAHESFT_RATEFEL
B, BREBENALBENE(CBRLE-TR, 21)Emtas =4, #
537 M4 H(0.063 g, 45%).

10 'H NMR(CDCL,): 9.85 (br s, 1H), 9.25 (br s, 1H), 8.91 (d, 1H), 8.18-8.02 - -

(m, 3H), 7.76-7.67 (m, 2H), 7.65 (t, 1H), 6.96 (d, 1H), 6.37 (d, 1H), 5.40
(m, 1H), 3.37 (m, 2H), 3.19 (m, 1H), 2.8 (q, 2H), 1.98 (m, 1), 1.49 (m,
1H), 1.28 (t, 3H), 1.15 (m, 1H), 1.10 (t, 3H). |

15
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(18,28)-N-{ M X.-2-[6- &.-3- A Bt & -2-(5- 1 #vboZ-3- A B A F VKA K
F3K)-N(5-R AP -2- 2Bk

3 5-38 B (0.065 g, 0.33 mmol), FkH 8 #94L4#(0.1 g, 0.27

mmol). N,N-Z3RT K= #:(0.127 g, 0.62 mmol)fr 4-—F A A K
w72 (0.016 g, 0.13 mmol)% T = £ T HL(4 ml) ¥ I £ SRHLIB A T 2
E. A9 DHE, HAERSHTEBHFATREIEN, LEMED
B LEE-The, 1) SR =4, 7344 (0.040 g,
27%).
'H NMR(CDCL,): 9:80 (br s, 1H), 9.30 (d, 1H), 9.17 (br s, 1H), 8.89 (d,
1H), 8.57 (dd, 1H), 8.57 (dd, 1H), 7.80 (dd, 1H), 7.70 (dd, 1H), 7.12 (t,
1H), 6.83 (d, 1H), 3.25 (m, 1H), 2.87 (g, 2H), 2.00 (g, H), 1.50 (m, 1H),
1.24 (m, 1H), 1.12 (t, 3H).
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%3644 33
(18,28)-N-{ Wil X,-2-[6- F-3- A Bt A-2-(6-F A g 3. X A F A K %)
SRR AN -(5- ke -2- ) Bk

LA SO
o ”‘“N’U\N SN

H H
e Ve

NH
A/

a) 6- K SB B 7 ER

0
Xy 0—
l L
HN" °N
¥ 6-2AME(2 g, 22 mmol)E T FAH(10 m)F-AR82(0.5 m)F. -
W PR R AL R AL RICEN, R AR WS TR-EOAC
P i Zak B EAKRERAE Z AL, Hid BtoAc IR, 2]l b3
#) S84 P T 4(2.3 g, 70%).
'"H NMR(DMSO-d,): 8.51 (dd, 1H), 7.81 (dd, 1H), 6.66 (br s, 2H), 6.45
(dd, 1H), 3.77 (s, 3H).
b) 6- T R A R Hm B T Y

D’&"‘
Q .
b

X

3 B a)F H4(0.75 g, 4.9 mmol)# T THF (S ml)¥. RAmAsL
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(ZPEFPRRKEMNMG mL,2M A THF 7). ETRTHHIEI0H
4. mAE THFGm) P& —#8 =i TA&(.1g, 5 mmol). ZKX
AT, WHRREREHHEILR. RERHTRERATELFE
Z & T EtOAc(40 ml)F» 0.1 M 3 82(100 ml) ¥. 4~ &1L EtOAc (40 ml)
RETRARATT R, KRG VAR B B4R KIS T AR AL SF L EtOAC
Q0 m)FRIR— K. SHFTERNNSG, LA TR ZEN &
(BtOAc-TAR, 1:4)564t, FFH| A _E35iL 69 4644 7 16]4K(0.5 g, 40%).

'H NMR(CDC),): 8.93 (dd, 1H), 8.62 (s, 1H), 8.26 (dd, 1H), 8.06 (dd, 1H),
3.91 (s, 3H), 1.60 (s, 9H).

) 6-RT RAELAR L mE

349 % c)F 404 g, 1.6 mmol)& i T F (4 ml)F= 7 (1.25 ml)
%. A LiOH(0.1 g, 4 mmol). £ERT, HAERLHKE 48
i, REWEFGERATRBABETKY, L LB (PH=4-5).
A BtOAc $RBL, 455 vk b33k 65 4665 7 18)4(0.27 g, 70%).
'H NMR(DMSO-d,): 9.98 (s, 1H), 8.74 (d, 1H), 8.18 (d, 1H), 8.88 (d, 1H),
1.49 (s, 9H).
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d) (18,28)-N-{ M X,-2-[6- R-3- A8 A.2-(6-R T RE R K £ & wbvd-3-
ABAPAEAIRAE)-N-(5-RAEZ-2-K) 8%

3 KA 8 $944-H(0.150 g, 0.41 mmol). F 3% )P A #4(0.17 g,
0.49 mmol). NN-=2R X8~ F (0.1 g, 0.49 mmol)fr 4-—F R £,
AALrZ(0.06 g, 0.49 mmol)E T DMFQ ml)¥. AFETFT, #$rdas
MBI, REHASOCHBT 2 Mo, AR EELFZEN
E AL, 1FE] N-R A 947 M ALE-92(0.048 g, 20%). _
'H NMR(CDCL/CD,0D): 9.02 (s, IH), 8.43 (dd, 1H), 8.22 (d, 1H), 8.10
(d, 1H), 7.81-7.75 (m, 2H), 7.15 (t, 1H), 7.08 (d, 1H), 3.15-3.05 (m, 1H),
2.90 (g, 2H), 1.96 (m, 1H), 1.56 (s, 9H), 1.50-1.40 (m, 1H), 1.25-1.09 (m,
H).
e) (18,28)-N-{Mfi X,-2-[6-#.-3- A st K 2-(6- R Aoz 3- A B A SR F
AR AN -(5- R -2- R )k

=N
E =
a'A"a i /]:T-
NN

3 B d)F ) 4(0.048 g, 0.08 mmol)iE T —HFEQ mD)F. v
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AZR LB m)Hieprid BB 1 P, REXRE, A8
WA, AR EMETF LR m)PHAELA BHBARH
G G, EEN = LR 69 shehir I -4-4(0.032 g, 65%).

'H NMR(CD,0D/CDCL,): 8.71 (d, 1H), 8.29 (dd, 1H),8.16 (t, 1H),
8.82.7.74 (m, 2H), 7.20 7.10 (m, 2H), 6.96 (d, 1H), 3.25 (m, 1H), 2.86 (m,
2H), 1.96 (m, 1H), 1.52-1.43 (m, 1H), 1.24-1.19 (m, 1H), 1.09 (t, 3H).

£ 3#k47 34
(18,28)-N-{ Mg X.-2-[6- F.-3- B Bt A2-(6-F b -3- A H A R FE K31
A2} -N-(5- R AR -2- 4Bk

i L34 8 #94L5-4(0.15 g, 0.4 mmol). 6-FIBEL(0.076 g, 0.49
mmol). NN-=3R& %5 = ¥ (0.1 g, 0.49 mmol)F» 4-— ¥ 3K F At
¥2(0.024 g, 02 mmo)&E F = FRE m)¥. ¥R RESHHEL
A, LERR, BEMNEEOA-TIR, 1:2)8540, A2 AFMAE4(0.067
g, 32%).

'H NMR(CDCL,): 9.77 (br s, 1H), 9.18 (br d, 2H), 8.39 (dd, 1H), 8.14,
7.79 (dd, 1H), 7.71 (dd, 1H), 7.46 (d, 1H), 7.13 (t, 1H), 6.92 (d, 1H), 3.25
(m, 1H), 2.88 (g, 2H), 2.00-1.90 (m, 1H), 1.55-1.46 (m, 1H), 1.25-1.22 (m,
1H), 1.11 (t, 3H).
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(18,2S)-N-{ M X.-2-[6- #-3-F BL A -2-(6-= T A KA b2 -3-AH A EH)
FEPRA LN (G- AN 2-5) B

5 a) 6- =P X A KW EL

£ 130CTF, EFHEAZETH 6-FIMER0.5 g, 3.17 mmol)F=
P EB(10 ml, 40% K P im# 6 8. REREENFUKER
10 Bat, ik pHAZE 4.5, AR TR, #3)L Lisdesk
& ¥ 19 4K(0.1 g, 20%).
'H NMR(CDCL): 8.87 (dd, 1H), 8.04 (dd, 1H), 6.49 (dd, 1H), 3.18 (s,
6H).
b) (1S,28)-N- i X-2-[6-#-3- R B K-2-(6-— P AR A3 Ak
15 FXOXE LI AL)-N G- A -2- %)%
3% L3645 8 #94L44(0.13 g, 0.3 mmol). ¥ HE a)F H4&K(0.05g,03
mmol). N,N-=3R&H% = T H(0.09 g, 0.4 mmol)fe 4-= FH KA
- 22(0.02 g, 0.18 mmol)iF F =& FHGml)fr DMF(1ml)F. §Arid 4
A Bt R, AEERENBEIEEOAC-TIK, 2: )44k, F3|iFM
20 #&-4(0.06 g, 39%).
-49 .
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'H NMR(CDCL): 10.10 (br s, 1H), 9.29 (br s, 1H), 8.18 (d, 1H), 8.12 (dd,
1H), 7.76-7.60 (m, 2H), 7.06 (t, 1H), 6.95 (d, 1H), 6.62 (d, 1), 3.18 (m,
7H), 2.83 (g, 2H), 2.10-1.99 (m, 1H), 1.51-1.42 (m, 1H), 1.19 (m, 1H),
1.09 (¢, 3H).

x4 36

(18,28)-N-[fi X,-2-(6- #-2-0-3- 5% B K &) 20 79 K )-N°-(5- Iz -
2- 2 ) Bk-O-4- 52 % ¥ 7 84 8%

a) 4-FRAEXE TR

& 4- 2R X T E(6.9 g, 50 mmole)E 150 ml # DMF ¥ 8454 F
AN T 8147(12.34 g, 110 mmole), HAEERTHAMERSHEH—
EF, AeATF R 58(20.5 g, 120 mmole) £ E B T AR RS BEH
HE., BETEEZFMARSHHFMA 100 ml 8 1 4-—F <8 E
HAR(6.0 g, 150 mmole) 4 50 ml K ¥ #9:5ak. HATiE iS4 =R I
i, AHHRETEL. MmAKF LB R RO WERL, AT
#® ML, SRR TR FE 102 g2=89%.

b) 4-F A X 7 BLK

@ 4-F AKX TEL(2.28 g, 10 mmole) & 20 ml FHR =K TR 19
RA-M A 5 # DMF # 2.5 ml BABK. HATERESW A |
B RET AL, ¥ 245 g100%.
¢) (1S,2H)-N-[ M X -2-(6- #.-2-0-3-F B & ¥ )30 59 K )-N°-[2-(5-RE
e -2- F ) R-O-4-F B E 78R &

#1(18,28)-N-Difl X-2-(6- f-2- 72 %-3- A B A F ) PR A A ]-N-(5-
F b wbrz 2- %) Bk (184 mg, 0.5 mmole)£ 3 ml ¥ DMF F #&#® F A
T 847(78.5 mg, 0.7 mmole), H&EERTHITLRSWHEHA— I
. A 4-FEA X Fo£(185 mg, 0.75 mmole)4E 1 ml & DMF F
#R A TR TR RS MEITE. A 40 ml LETEH
A B A HUAR e idevd k., ABRER A TR AT R ST R T AL
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Ll L ] L ]
. L » - -
- -

FHBRBREEN XS E. P 180 mg=62%.
'H-NMR(DMSO 8 -6): 0.92 (m, 4H), 1.31 (m, 1H), 1.85 (m, 1H), 2.82 (m,
2H), 3.06 (m, 1H), 5.26 (s, 2H), 7.20 (m, 2H), 7.38-8.12 (m, 11H), 8.38
(m, 1H).
d) (18,2S)-N-[ R K-2-(6-#-2-0-3- F Bt F )20 7 K )-N'(5- A AL
-2- ) Wk-0-4-72 2% 3 T 88 o5 S,

LEEBFREFANT, #(1S,28)-N-[Mf X-2-(6-#.-2-0-3-F s 4
E X)) AK]N-(G- AR 2- K )W-0-4-F f A ¥ P82 88(170 mg,
0.29 mmole)E 15 ml T8k ZBE#= 15 ml FBE P 6955 A 10%3K 48 5(30
mg) AL =k, LB H L LB LR PRk, FRETHAN
REBRERL. FHhetBEENESE. ¥ 100 mg=70%.
'H-NMR(DMSO 3 -6): 0.93 (m, 4H), 1.32 (m, 1H), 1.88 (m, 1H), 2.85
(m, 2H), 3.05 (m, 1H), 6.92 (m, 2H), 7.38 (m, 2H), 8.00 (m, 4H), 8.38 (m,
1H).

£ 37
(18,28)-N-[A X.-2-(6- F-2-0-3-F Bt F K)- 30 H A ]-N-[2-(5- A0
RTI)Mk-O- L F X -4-5 KK B
a) 4-(4-FEEAFRA)ETRTE

#) 4-% 3 3 P 8% P 84(6.85 g, 45 mmole)4E 80 ml DMF ¥ #9253
AT B849(5.6 g, 51 mmole)Jf & £ & T A7 A Bl — D
i, A 4-FREFAK(8.3 g, 52 mmole)H & TR T AR RS
AR, RETHARRSHELR FwA200ml ZEELE., wAK
KR A MAR SRR, UAREATRFRETEL, ¥ 123g
=100%.
'H-NMR(CDCL,): 3.82 (s, 3H),3.88 (s, 3H), 5.03 (s, 2H), 6.96 (m, 4H),
7.36 (d, 2H), 7.98 (d, 2H).

-51-
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b) 4-(4-FEEFEB)VETRR

) 4-4-FEEFEL) X TR FE(12.2 g, 44.8 mmole)FE 50 ml 49
1,4-—F IR P 89 R P A BAAEE(2.15 g, 89.6 mmole)iE ik H-E
60C TR RAMBHITE., BETELMRRESMFMAN %L
BR. J&ATiR FidiR, AKBEF TR FE 101 g=87%.
'H-NMR(DMSO 5 -6): 3.74 (s, 3H), 5.08 (s, 2H), 6.92 (d, 2H), 7.06 (d,
2H), 7.36 (d, 2H), 7.90 (d, 2H).
¢) 4-(4-FEAF R E T H AT 8%

%) 4-(4-F FAF E5)E F#R(5.16 g, 20 mmole)4£ 100 ml #) 1,4-
ZBGHP AGEIR T N 40% BB T £ 48(14.27 g, 22 mmole)iE
BHLEERTRHAERSHBH 2 I, RETHARERSWER
#5144 ATERRLHALE PERRRE TR HAETFR
8 EHET 60 ml —F TP F sk FIH(35.3 g 200 mmole).
LAZRT, HRAZRBHABRNAAET L. wAKE 100ml T
BR LB A ARSI R A AR A, AR TRARETEL,
BEBAABWREAEL FH. FE 448 g=T3%.

'H-NMR(CDCL): 3.83 (s, 3H), 5.06 (s, 2H), 5.94 (s, 2H), 7.00 (m, 4H),
7.36 (d, 2H), 8.05 (d, 2H).
d) 4-(4-F A EAF AE)E FER 48 7 8%

6 4-(4-F FIAEFRA)E 7R T 8(0.77 g, 2.5 mmole) £ 15 ml
F IR R 8 8 5% AL 45(1.87 g, 12.5 mmole)ifF £ £ B T AT
EWRAMBIHLEA. BETHARRSWEL AR TE/ARIR,
VA SYRR AR BLBRAR R S AT T ALAG, CARRBRAA TR BE T XK.
FE 0.86 g=86%.

'H-NMR(CDCL,): 3.84 (s, 3H), 5.05 (s, 2H), 6.14 (5, 2H), 6.98 (m, 4H),
7.36 (d, 2H), 8.00 (d, 2H).
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e) (18,28)-N-[ M X -2-(6- #-2-0-3- A B A X )R B X |- N-[2-(5- K &b
RER-O- T F K -4-(4-F BEA T HA)FE 7 R &

#1(18,28)-N-[ Al X.-2-(6- F-2- %2 % -3- 7 Be A 33K 9 K )-N°-[2-
(5- K ALt X O)M(368 mg, | mmole)fE 5 ml 69 DMF ¥ #95% ¥ e
60% BACAA L 5y i P #9 & 153 (44 mg, 1.1 mmole)f £ TR TR
REMBEH— D, A 4-G-FERAFER)XPRATE084g,2.1
mmole)/E 2 ml ¥ THF ¥ 63553 i £ TR T HATE RS MBI,
e 50 ml ZBR TES A RIe BT R A MUAR kv ok, ABRBE A TR
WETEL, BRBRBENRSEBEEH., *%: 525 mg=_82%.
'H-NMR(CDCL): 0.91 (m, 3H), 1.32 (m, 1H), 1.60 (m, 1H), 2.04 (m, 1H),
2.90 (m, 2H), 3.20 (m, 1H), 3.82 (s, 3H), 5.04 (s, 2H), 5.84-6.06 (m, 2H),
6.91-8.18 (m, 13H).
f) (15,28)-N-[ it X.-2-(6- #.-2-0-3- BB A E X)3K A K )-N-[2-(5- R &%
A Bk-O- & F % 4-F 5 X TR

#1(18,28)-N-[ M X.-2-(6- #.-2-0-3- A 8e A K38 FH A J-N-[2-(5- %,
AALsT A WR-O- 2 F K -4-(4-F AF F4)%E F 82 85(100 mg, 0.156
mmole)ZE 4 ml = F AL F 65:5% F A TFAQ.5 ml)H £ 2R T H A
RERBH— D, BMETEMRERELA BB BN RSB
4. FE: 45 mg=55%.
'H-NMR(DMSO 3 -6): 0.84 (m, 3H), 1.10 (m, 1H), 1.48 (m, 1H), 2.12 (m,
1H), 2.80 (m, 2H), 3.19 (m, 1H), 5.85-6.02 (m, 2H), 6.84 (m, 2H), 7.18 (m,
1H), 7.46 (m, 2H), 7.74 (m, 2H), 8.04 (m, 2H), 8.38 (mn, 1H).
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E£3H 39
(18,28)-N-{Xfi X.-2-{6- #-3-F Bt K 2-(6- T A E Avibrr3- A K f )
F AR AN -(5-Fkabe2- %) 8%

F 0 =
A ST
\‘\" ) N JJ\H \N
OH

i@l £ 31 AR R ik, w1 6-FEARAIRER(0.050 g, 0.33
mmol)#F 5 #4] 8 #546-4(0.1 g, 0.27 mmol)#| &-Z L6, B EM
K (LB LB SALAT IR AR5 = M (D AR A S Mo R B A6 RHD),
#£%) 0.030 g(22%)4- M4,

'H NMR(CDCL,): 9.8 (br s, 1H), 9.25 (br s, 1H), 8.90 (d, 1H), 8.20 (d, 1H),
8.10 (m, 1H), 7.72 (m, 2H), 7.08 (t, 1H), 6.9 (d, 1H), 6.37 (d, 1H), 3.20 (m,

1H), 2.95 (d, 3H), 2.85 (q, 2H), 1.95 (m, 1H), 1.48 (m, 1H), 1.10 (¢, 3H).

A EiEM 1
FHAE X ,

MR AR RSB A TH S F HIV RS RAEFE, e
F HIV #: 365 & B Foi# ) M Schinazi ¥ #9 4732 ¥, International
Antiviral News, # 4 &, £ 6 #, 95-107 R(1996)#5i& ¢ L& AE B4
KB HFENRHANAERSCRTERY, EREALLEL]L T
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.
doneee

HIV # LHH| 5 | FHH) 6 kP 8 AR

AR 0.0012 0.0008 0.0007 0.0056
+/-0.0004 | +/-0.0004  |+/-0.0002  |-+/-0.004

54 A 0.01 0.006 0.007 0.023

50%f ik | +/-0.009 | +/-0.003 +/-0.001 +/-0.011

K103N 0.05 0.017 0.037 0.13
+-0.04 +/-0.008 +/-0.007 +/-0.060

K103N 0.38 0.17 0.39 0.9

50% ik | +/-0.31 +/-0.07 +/-0.31 +-0.6

Y181C 0.017 0.006 0.006 0.13
+/-0.018 | +/-0.002 +/-0.001 +-0.02

Y181C 0.10 0.08 0.08 0.13

50%d2 3% | +/-0.06 +/-0.05 +/-0.06 +-0.07

Y188L 0.13 0.08 0.06 0.17
+/-0.07 +/-0.06 +/-0.02 +-0.03

Y188L 1.5 0.9 1.0 1.9

50%fe ik | +/-0.9 +/-0.05 +/-0.05 +/-1.5

L1001,Y18 |ND ND 0.34 1.0

1C +/-0.06

L1001 ND ND 0.009 0.026

+/-0.001 +/-0.009

SI >41 600 22 500 87 000 5900

SI ND 8 830 4285 800

50%.fe. i |

PR A X, L35 £ MT-4 S b 2k XTT #5469 % #3 Z(Weislow

% J Nat Cancer Inst 1989, # 81 % & 8, 577 %), Xa46E 50%
A FHEETAAR THEGESWNERAGAUL, ED Angml £

. ATHEGLHFBEDHREBELH IR, AEXLEMET

F HIV @085 & 50%&-05 69 ) vl BT ED,,. & B P& 1995 ICAR
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Santa Fe #9 LA H A& Hrde LHE.

B# 5 AR KA Mot 5 R AT R A b B P A b
WS Y B £IKE) ED, i, GHR Lo RTH XL KION 4=
Y181C A% L1001 oL & X XA L100I. Y181C #94i. s, Arikst
BRReg S T MBOCAAH RS M EH 5 2104, A HIV A HNA
BPHREI L LR, FREFLEFHAFHRSRETEFRAMN
Réatq RyAEHIV, LS ELRBGMERPMB ST, B, §
BRMSINBEEREN, BWNELLEARKLFENFAGIE
B A" 4 2t HIV #he Sk,

4 My K3k 2
B 1E] 5 ke
BAER ML, VA 5-10 TCID,, % HIV-1,5, B 2 3L 2 x 10°MT4
tfe, EAENRE 82, AKY ED, ¥R B INLieW. BF
6 XEBE 410 nl L@ Feg RT bk, '-
EREHR—RBRPERLE, RITU TR £EBF>50%
8RB A ARG RT W6 LA ERA(SIC, #13dp#lR
BT 4t 7 BAER A H0L6 MT4 W8, R BFRATRE NS
— A 15 p | Lk kA 2 A% RS M8 e (3] )P ol
HiBR R SRS me T, FRARFSNEAZEHR
. (BT A 2).
LAHAELERGEREREG40 nMTEKH, K24
ISRy RS B R T RS M T F Xduk,
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L XXX X L]
*

2
AHABEEK
i d 6 Ad & £
125 % SIC
125xSIC 25 xSIC~
25 = SIC 5 xSIC
25 % SIC 5xSIC~ XZALeH
25xSIC SxSIC~ Zicdd

5% SIC SIC
SIC~ ZA&ttd¥
SIc~ = Afth

#R(pass)l ##K2 HK3 #R 4 #X S
B 1354 T 2 TR BREH(EHY] 8yt E kot g
5 W, LRLET ARG FEY Santa Fe (L e-Weitapin s, B
‘ i MR AL A B 7 BRI R R iR,

LX 2 T K]
P450 4Rt
10 AVAA@IEEF P450 cDNA(# 4 (supersomes))Gentest 23]
Woburn USA # %6 RAZEREN L REICT, XL HLLY
it Amie &k £ 4% PASO #9 £ BRI A a9 R M.
At A S A mIe &4 P4SO AR RANELT, £05.
S5ASOUMMRET, —XANBETRRERANSY, ARFYE
15 3 CYP1A2 + P450 i&£ &8s, CYP2A6 + P450 i RBE. CYP2C9-Arg 144
+ P450 £ R EF, CYP2C19 + P450 £ BB, CYP2D6-Val 374 + P450
SR BEF CYP3A4 + P4S0 X B BE, MARASHA BEREW /4= 50 &
B s &4 P450 3F B3t 47 1 eht k. idid UV HPLC &3
FEHRAS B8 E R A ELPTRZ RS RM T AT R %
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FAA,

WA ZARBER R TS 5476, MEFEGREE TS5 ERT
CYP3A4. 1A2. 2C19 #v 2A6 £ L] 7 S-He Rl A
.4 PA50 R R L4 5 IA H K Santa Fe 5 Rakrg X4 a9 &
i,

SANF W R TP 8 b, RILFE|PBHELAETR
A& P450 ¥, B TFATRLa AR AR IS ABRSL TR
P46 5T RE e R AR B4R 84

S 4 KA 4
HomRiktsh &

BHAGRE TN D@GWHOX 1M E KRR Pk
A AT 0.027 mmolkg ¥ &, W FZHH] 7 W EMAEFH B

A I H o JREA T A B4 AR Sprague-Dawley X &, £ H

B ] 1) B, A canis FA# AR FERE 02 ml #9n, BouHbk
A TAEGSH. HHRAK 1 BH(EHY] 6)% HPLC R, H4A
40-100 u 1 &N RA GG F 5 EME FARLHERA(10 F,
Vibrofex). A7k 4 5% % .(2 4245, 14000 RPM)3 42 30 n 1 89 L ik
EAHEEAA T 6 HPLC 2 4%.

A RP-18, 7 uM, 15x3.2 mm

H: YMC AR, 3 uM, 150x3 mm

A Aa: 60%Z A E 3 mM L&+, pH6.4
Wk 0.4 ml/min

Ay UV, 250 nm
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CCCCCC

A3

Wl (min) BARCE M 22 FAF( 1 g/m)
30 0.24,0.35
60 0.18,0.28
120 0.13,0.17
240 0.07,0.12
360 0.05, 0.07

EE3P, RkE, oRETFADOWHERNERELLEE
T X 1L, - |
4.4 k40 5-8
i) Hi&

AR A 5 A P AR 0 KB AT K 200-250 g #9 4R
Sprague-Dawley K &. AFXEZH, MARXKEVBL 16 8, {2
& B HBILRK. EFRREBRYT—X, £/ Efrane®. A FEH
RAMBRBAE XL, HFTEAXAFE B, EEBARX, 0%
KE T, L oRE T % S GIRE S EHEN B L F 69 % 35
Z W, HBHRBRETEHY, SRR THRLA.

EvRLHzi, RFEEL 1208, 22 80REK £HE
LB B RAEL T AR SIS, 6 1RE, FRBETFHFINE
x.
iy MEH5

AT Rt PRIEGE LS FHARERALSEMELER
BRI T A 10%M 148k fe 1 %R ERK NIRRT, AR TR
3, AR T DMSO PR T#A .

ill) dAf R

EHBETH, RELF(KK—EHN 0.6ml, BTFH 2m)i A
AHEHEFE THREMTRIEBAGERT), 2R 5 R 0.
AL Bk 32 P R it A4 EDTA $9XE . Fhi#Ee, A1%

SDS/64°20 44t ¥ Fo R e ¢4 K M M 2 F-20C T 247,
-590.
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iv) 2WH5H

o FH & o EH B 3 40-100 0 | &0 R 5 FHMRTHRS(10
#, Vibrofex). 5145 B (2 £-4F, 14000 RPM)¥# 4 30 41 89
R IEMHENI T 8 HPLC R 4.

WA RP-18, 7 uM, 15x3.2 mm

H: - YMC A/, 3 M, 150x3 mm

B AR: 60%Z k& 3 mM ZBk4kP, pH6.4
ik 0.4 mi/min

e UV, 250 nm

4 4 K#H 5

5 FARE AR BRSSP 6h sk

HX TS H R A R Fo g 20k 5 BT #) Santa Fe 4649
BP(+/-)-N-(M X-2-(6- 8-2- 5 X .3- A B A FK)- 30 H K)-N-(5-Fmor -
2-2)-MAR LA, AT £ DMSO #A-F 0.024 mmolkg H &% 57
R EAY, B 2 HRANE R AR BA 8 f K6 S E
BHEALT n=2). ERHALGRAREGEEREABX, 122K
A ANA Y B A R R AL MR RS H s AUC0-4 I BPL.S
#6h AUC(0-4 1B, HEZ, RAPAAH I TR E MR
PR T 50%5 4P A%, RRAT 0 FAXPLSY LA FE R
S ERRGFLELRERHRENULLESELOEHNE,

2 kB 6
W 5 RS0 £ B M0

K EHXNASHEFX LSBT EH)LTRIFoRELR
K RRARALA M (XA FA] b S Foabti] 10 18-9)60 S FAKE,

FRr ik A A AR B A BT 10%RT 3G |%kif(EF). E4
4 g &4 fn K P BB ZART W

-60 -~
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44 H¥ B 4] AL S-H Y do AT
(mmol/kg) | (min) _ (4 g/ml)
%A#%4) 12 | 0.053 30 0.2 0.3 0.06 0.11
60 0.2 0.4 0.12 0.20
90 03 0.4
120 (02 0.5 0.10 0.20
180 |03 0.4 0.11 0.23
240 |03 0.4 0.08 0.24
330 0.08 0.15
420 0.05 0.12
64 12 10.026 30 0.09 0.05
60 0.10 0.07
120 | 0.09 0.08
180 | 0.08 0.08
240 | 0.06 0.05
330 0.03
420 0.02
k4] 22 | 0.026 30 0.08
60 0.05 0.11
120 | 0.04 0.08
180 (003 |007
240  10.02 0.04
360 | <002 |<0.02
3647 14 | 0.053 30 0.10 0.08
60 0.15 0.08
120 | 027 0.07
180 | 0.35 0.09
240 | 035 0.09
360 | 0.24 0.12
4] 18 | 0.053 30 0.12 0.03
60 0.15 0.03
120 | 0.15 0.07
180 | 023 0.14
240 10.12 0.16
360 [0.08 0.08
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LA 23 | 0.053 30 0.14 032
60 0.22 0.49
120 {036 0.49
180 |0.44 0.32
240 | 0.35 0.27
360 | 0.14 0.14
3649 17 | 0.053 30 0.05 0.05
60 0.07 0.05
126 [ 0.06 0.14
180 | 0.07 0.20
240 |0.07 0.17
360 | 0.04 0.12
%34 20 | 0.027* 30 0.258 | 0.031
60 0.268 |<0.03
120 | 0128 |<0.03
240 | 0.051 |<0.03
360 | <0.03 |<0.03
] 37 | 0.027* 30 0.234 |0.137
' 60 [0273 |[0.189
120 |0.111 |0.133
240 | 0.056 | 0.045
360 | 0.054 0056

BE@mHREZEX I GITHEARRE AL TG LIESIHEK
BNk, Prd st o A AR E(Hes T v M EHAARE,
S [5) JE ) B3R -5 ik 04 ARAR) 3t oAk 37 #h4LE- 3 28-33%F PR
F oAb 27 6940 69 S 0 5 27%.

4 4 53 7
FNGE R ACE X P 3

AKX N BT H (k4] 12)1048 F) M £(0.026 mmol/kg)F-78
B 69 (B P 10% M 54088 F 1%ebiR)4 T A SRk, X1

B ARALA 4 (2 AE4) 10)84 du AR -FAF A nt ) 6 B BCR B F.
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o & ] B AL G- &5 o R AP
(min) (1 g/ml)

X &, 30 0.09 0.05
60 0.10 0.07
120 0.09 0.08
180 0.08 0.08
240 0.06 0.05
330
420

®RF 45 0.08 0.04
90 0.20 0.26
180 1.0 0.55
240 0.72 0.54
360 0.38 0.39
600 0.13 0.10-
24 8t 0.03 0.03

EmHRBZEX I AWHEASTRELIMEFGX 119,

BHRA L LR EIHOEA LR K ADY, AXRADHTAE

BEESHHRREARE.
LA 28 B4 S et A L BAR(R A Minfa /LR, BT
A B TEL SA T
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% 5A

Fre B ] FARACA 0 1) o K E
(min) (# g/mi)
* & 30 0.033 0.046
60 0039 0.084
120 0.066 0.123
240 0.039 0.034
360 <0.03 <0.03
T 30 0.108 <0.03
90 0.159 0.098
180 0.062 0.050
240 <0.03 0.060
540 0.036 0.070
A EHH 8
C X E -
5 PR XTT PR KP, EAFRSO%ARKGAEET, MEX

1A FTRFLY HiVi, Fo it R XA HIV-1 B4, £bhE
MT4 &afie P RIX T B AR KR L Il 46 R, £ E—FHAT ED,,

AuM .88,
A6
HIV k| 23640 10 | 364010 | %3680 11 | £3E4) 11
50%.f2. 50%fn. 7
54 A 0.01 0.06 0.009 0.05
L100I 0.05 0.33 0.09 0.95
K103N 0.38 2.4 0.09 2.0
Y18IC 0.09 0.4 0.07 33
10 CARATAEMAERAT, XIS REAFHIVHELAFRHE
EE,
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4 Hy 33649 9
HAEEN

1% B A B A w03 0 R AL B 5 ATk TBIEH
WA BARSHRATT I, EFATHEE MT4 afeE8HEAN
96 JLIKE R AR (2 - 10° SR/ FL)AN K 10%BE 4 il FELH4
A5 RPMI 1640 33k X 7 A K, WAH I HIV-1 1 (5F £ 8 H A &K
%4 RT Ile 100, Cys 181 & Asn 103 % % 89 % %8 % 4 10-20 TCID,,
Bl R SRBN SRS mAE) & QLT AR R
HAEITCTTFELCO,MNARTRY, HLAER ERKRE AR XTT
EREANEmeL A, MRABREFTUAT $/40 £ 4T3,
R ETFTA EDggu M.

%8
kB | FAR | HAR Ile100 | Cysl81 | Asnl03
50%. e 7
MARE AR [0.027 nd 0.220 0.340 0.350
Santa Fe
| 341 10 { 0.012 0.056 0.053 0.095 | 0.358

%34 11 ) 0.008 0.058 0.100 0.069 0.080
%4 8 |0.003 0.019 0.021 0.019 0.086
k4] 6 |0.002 0.016 0.064 0.018 0.046

ARG RERERFAYH 45 ZRIERE R,
AE VA NNRTIs 34 77 X0 ) s T &9 K A b9 gk,

P FHp 10
&N %

NNRTI £ P& fedf Lo 45655 M B A 64 A REE X HRIER
A FBAART EETMEK, A PHERFREATERAHADHE
AL S AFRE S A R R T R Y Sl R R TR R
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BREGHFHMANGLEGRERE. wh A EMRGIAE, BFXLHL
&4 (F 44 8)%5 £ & Santa Fe 89 RBILHAA B ARGLESWHAITI
3x. 38 Biacore 2000(Biacore AB, Uppsala, %% 3¢).L#47, 4 A BIA
R HAEG.0 M)A TR g, R M2 HNNRTDST X% £ 19
69446 FHAE 10-20RUNEBALSESEE, ARNEFRIH
SaZ A} &Y BN R0 2 FRIER I E A SR AR G HER
Hes., EFMRBEARRE, EXKITHEST GFERE BT,
B EE A RN T R R B RG4S |

BZ: i A8 me Tk, MiEBffBEGELE CMS #
5 E(Markgren ¥, 1998). *% Fc g(Biacore BR-1000-57)#) 3.4k A £
MBEGHLEBHERGHA B EHE. A Nanosept B SRE S
10K(Pall Filtron, MA, U.S.A), 4§ HIV i# 4+ F 85(Unge ¥F, 1990)AA 3 M
#(NH,),SO, #:# £4-H 4 mM MgCL, ¢ 5 mM Hepes, pH7.6 ¥. #
#8£F 6800-9700 RU ¥ 64 RT B & FATR MR B8/ £, Aty
35 ml 8 0.5 M Tris pH 7.6, 4 mMMgCl. 0.5 M KCl 4u4bp7ik 45 . 8
A &. PPEBEEF AL 33C Titdr.

SirsMesiaE R ivd e 4% (1 mg/ml £ DMSO ¥)
%F RT #3494 A4 3% (10 mM Hepes pH 7.6. 4 mM MgCl,» 0.25 mM
#A:. 40 mM KCl. 0.5% Triton X-100. 3% DMSO. 0.5%Jé 4 & i)
AR E] 10 mM o9k B, @BidiEst 200 ml 69 AT AR R RS
Bt RT 84454, ik % 20 mU/min A8 B4 25C. E&H—KEMRY
Mi)E, iBitiEgh/E RT 69430698 7% ¥ 45 120 ml #9 10%#9 DMSO
Bk P % .

iR RER 3 PRIELE. B0 LRARLBLLS ST
HEAHLEWBEFRANIEIEASH A, AXANSHERR
KA E £, XEHA ARSI RS
BH SRk
Unge T, Ahola H, Bhikhabhai R, Backbro K, Lovgren S, Fenyo EM,
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#h ik, #itF4dh. AIDS Res Hum Retroviruses 1990 4 11 A;
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Markgren P-O, Hamalainen M, Danielson UH, & A X% £ #14 # 83
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R LR L PG ], B ERAPPHEBCEATEAL
R ZAFRFERFTR, §HTEBOZRILARNETF 5T

FiLEFZAEF R, WEAY LI H AR ZREGHAT T E
A.
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RU/((g/mol)xRU)x10e7
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