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Solid phase assisted synthesis of HIV-1 protease
inhibitors. Expedient entry to unsymmetrical
substitution of a C, symmetric template

Karin Oscarsson, Bjorn Classon, Ingemar Kvarnstrom, Anders Hallberg,
and Bertil Samuelsson

Abstract: A solid phase synthesis has been developed leading up to unsymmetrical HIV-1 protease inhibitors that are
not readily available by conventional solution phase chemistBa{g). To prepare these compounds the hydroxyl

group of (1S2R)-(-)-cis-1-phthalimido-2-indanol3) was coupled to a Merrifield resin via a dihydropyrane linker.
Cleavage of the phthalimido protecting group and reaction of the liberated amine with the bis-activated symmetrical
diacid 15 resulted in the resin bound amidé®. Coupling of 16 with amino acids and amines followed by hydrolysis
produced the desired unsymmetrical produ8s—g from which potent HIV-1 protease inhibitors were identified, e.g.,
18e(k; = 0.1 nM), 18a (k; = 0.2 nM) and18c (k; = 2 nM).

Key words HIV, inhibitor, protease, solid phase.

Résumé: On a mis au point une synthése en phase solide qui permet d'obtenir des inhibiteurs non symétriques de
protéase HIV-1 18a-g) qu'il est difficile d’obtenir par la chimie conventionnelle en solution. Dans cette synthése, on
couple le groupement hydroxyle du§2R)-(-)-cis-1-phtalimido-indan-2-0l ) a une résine de Merrifield a I'aide d’'une
liaison avec un dihydropyrane. Apres clivage du groupe phtalimido protecteur et réaction de I'amine libérée avec le
diacide symétriquel5 doublement activé, on obtient I'amidks lié a la résine. Le couplage dk6 avec des acides
aminés ou avec des amines suivi d'une hydrolyse permet d'obtenir les produits non symétriquesl8ésgeés partir
desquels il a été possible d’identifier de puissants inhibiteurs de protéase de I'HIV-1, par ed@afke= 0,1 nM),

18a (k; = 0,2 nM) et18c (k, = 2 nM).

Mots clés: HIV, inhibiteur, protéase, phase solide.

[Traduit par la Rédaction]

Introduction the high frequency of mutations in the HIV genome eventu
ally results in the selection of mutant strains and in develop
The human immunodeficiency virus (HIV) has been iden ment of clinical resistance (5, 13-15). Moreover, the high
tified as the etiologic agent of AIDS (1, 2). The HIV-1 prete cost of therapy precludes the widespread use of the currently
ase is a member of the aspartic protease family of enzymespproved HIV-1 protease inhibitors. Not withstanding the
(3-5), producing essential structural and functional viral pro progress achieved to date there is thus a pressing need for
teins by proteolytic processing of tlymg- andgag-polviral ~ the development of new and cost-effective HIV-1 protease
gene products (6, 7). Inhibition of the HIV-1 PR have beeninhibitors.
shown to lead to the inactivation of HIV-1 (4, 8-10). Nota  We recently reported on the design, synthesis, and antivi
bly, protease inhibitors have shown clinical efficacy andral activity of new carbohydrate bas€d-symmetrical prote
there are presently five protease inhibitors approved by thase inhibitors e.g., compoundsand2 (Table 1) (16) which
FDA for the treatment of HIV-1 infection: saquinavir, riton are readily prepared in three steps from commercially avail
avir, indinavir, nelfinavir, and amprenavir (11, 12). Whereasable starting materials. However, to prepare unsymmetrical
these inhibitors effectively reduce the plasma viral load ininhibitors based on th€, symmetric core template (Fig. 1),
infected individuals (11), the rapid turnover of HIV-1 and a new synthetic procedure had to be developed, as treatment
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Scheme 1.Synthesis of protected §I2R)-(—)-cis-1-amino-2-indanol.
1. Phthalic anhydride
Et;N, MeOH

2. Pyridine
acetic anhydride

-|IO

H2Nlu
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Table 1. C,-symmetrical protease inhibitors.
Ph

EDs,”
(uM)

0.4 0.1

0.6

“ Standard error 20 %

b EDs for reference substances tested in the same assay:
ritnonavir (EDsq, 0.06 uM), indinavir (EDsg, 0.06 pM),
saquinavir (EDsg, 0.01 uM), nelfinavir (EDsg, 0.04 uM).

of either the bislactonel() or the activated -mannaric acid

—— 4R=Ac
— 5:R=H, 65%

3. NaOMe

Figure 1. Unsymmetrical inhibitorsA = Amines.

Ph
OH

Ph

the free amino function which was reacted with the bis-
activatedL-mannaric acid 15) resulting in the resin bound
monoactivated amid&6. Coupling of16 with a selection of
amines, followed by hydrolysis gave the desired products
18a-g and 1. Not withstanding this selectivity, a minor
amount of the symmetrical inhibitdr was formed from “in-
land” cross- coupling as evidenced by analysis of the prod-
ucts formed in the reaction. Notably the present solid phase
chemistry methodology opens up for further developments
of this class of compounds using combinatorial chemistry
(22, 23). The compounds produced were screened for HIV-1
protease inhibition and for anti HIV-1 activity in a cell eul
ture assay.

Results and discussion

Chemistry

The phthalimido derivativ® was prepared in two steps by
reacting compound with phthalic anhydride in the pres
ence of triethylamine in methanol followed by pyridine —
acetic anhydride to givd in 83% vyield. Deacetylation with
sodium methoxide in methanol-dichloromethane gavie

(15) with amines at various conditions preferentially gives65% vyield (Scheme 1). The protected amino indabolas
the symmetrical products with only minor amounts of thecoupled to the solid support 3,4-dihydrét22-ylmethoxy
monosubstituted product being present in the reaction mixmethyl polystyrene §) in 1,2-dichloroethane using pyridinium
ture at any given time. We now report on the use of solidp-toluenesulfonate (PPTS) (24) as a catalyst to gike
phase synthesis to prepare unsymmetrical protease inhibito(Scheme 2) (22). The phthalimido protecting-group was there

based on the previously disclos€l-symmetric core tem
plate (16). The amino indand has been shown by others
(17-19) and us (16) to be an excellé#/P2’ ligand for the

after cleaved off using methylamine in ethanol for 16 h to
give the free amin® and the liberatedN-methyl phthalimide
(9) in solution. The loading onto the solid support was- cal

/' pockets of the HIV-1 protease. Thus in the presentculated to be 66% based on the recoveryof

work the amino indanoP2 residue 8) has been kept cen
stant while theP2' residue has been varied using parallel
synthesis (Fig. 1). The protected amino indaBavas cou
pled to a THP linker (20) on a Merrifield resin (21), fol
lowed by deprotection of the phthalimido group liberating

Initial attempts to react the bislacton&Qf (16) (lactone
ring opening) with the free amino group on the solid support
8 failed to give satisfactory results due to unexpected low re
activity under standard reaction conditions (dichloromethane,
reflux). Instead an alternative route was investigated
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Scheme 2.Coupling of protected (& 2R)-(-)-cis-1-amino-2-indanol to Merrifield resin.

Q-0 Oy (1)
0 PPTS, 9 3
O_OU oNo_g
1,2-dichloro-

ethane, 79 °C

@)
MeNH,, EtOH O_O/\(O/TOWCQ . (j\J;N
66 % over H N
two steps 2 o
8 9

employing the bissuccinimidyl estedl%) (16) for which a  quantified using vital dye XTT (33). The 50% inhibitory
new and improved synthetic route was developed. Benzylatedoncentrations (EE) were calculated from the percent
bislactone 10) (16) was thus reacted with methylamine-cat cytoprotection for individual compounds.

alyzed by 2-hydroxypyridine to give bisamid&1j in 87%

yield (Scheme 3). Use of 2-hydroxypyridine (25) as a cata—Structure activity relationship
lyst for thi ti the highest yields due t S
ys1 101 TS TR 10N gave the MIgnes? yieles Te 10 sUppres From Table 2 it is evident that unsymmetricamannaric

sion of aB-elimination side reaction. The diol in compound mides of simple structures can be potent HIV-1 protease in
11 was protected using 2,2-dimethoxypropane in acetoné& ™ A T )
P g yprop ibitors. The potency of inhibitot8e(K; = 0.1 nM) is some-

containing camphorsulfonic acid to givE? in 85% yield what surprising. Thé2' benzyl group of inhibitorl8e can
16). The corresponding dicarboxylic acit¥) was prepared :
(16) P g y 4 prep be viewed as a truncatd®?’ amino indanol ofl lacking the

in essentially quantitative yield by reacting compoub? ' o e .
with dinitrogen tetraoxide (26) and anhydrous sodium acefonformational rigidity of the amino indanol and lacking the

in di : ‘ hydrogen bond of the corresponding amino indanol hydroxyl
tate in dichloromethane (27, 28) to provide the bisHjtro- yarog P 9 yaroxy
soamide] 13), which was hydrolyzed with lithium hydroxide 9roup to the Asp 29 of the HIV-1 protease (16). Indeed, the
and hydrogen peroxide (29, 30) to furnish the dicarboxylicX "y crystal structure ol8e complexed with HIV-1 prote-
acid (14). Activation of 14 with N,N-disuccinimidyl carbon ~ &S€ Shows that the phenyl group is superimposed onto the

ate delivered the corresponding activated bissuccinimidyl es2"y! part of the corresponding amino indanol in inhibifof
ter (15) in 95% yield (16). However, substltL_Jtlon of the benzip2 re5|due with hydro _
The amino indanol on the solid suppoR)(was reacted gen bond accepting or electron donating groups as in the in

wilh compoundi to g he monoamidas (Scheme 4)  hoIors 161 and1gleads (o e acve compounds, These
and subsequent coupling &6 with a series of amines (A = u Well wi ! vations, :

amine, Table 2) gave the unsymmetrical producls—g as substi_tu_tions lead to Igs_s active inhibitors (15).

well as the symmetrical produdfZh linked to solid support. Inhibitor 18a has similar potencyK = 0.2 nM) as the
Hydrolysis with 2.3 M HCI in methanol produced cem POtent corresponding symmetrical inhibitdrgk = 0.4 nM)
poundsl8a-g together with the symmetrical inhibitdr The ~ nd 2 (k = 0.6 nM) (16). Inhibitors18b, 18¢ and18d are
yields of pure productsl@a-g) over the three steps, based P2 truncated simplified analogue_s ©8a Both 18b and 18d
on the loading of the solid support, ranged from 17-479%2re considerably less potent, while the methyl anii@e (k;
Approximately 4% yield of symmetrical inhibitat isolated = 2 nM) is notably potent. This inhibitor effectively lacks a

by chromatography, was formed in each reaction (Table 2)P2' residue and the high potency presumably results from an
energetically more favorable hydrogen bond interaction be

tween the methyl amide carboxyl oxygen and the structural

HIV-1 protease inhibition water that is tetra- coordinated to the inhibitor carbonyls and
(Table 1 and 2) HIV-1 protease was cloned and heterone j1e 50/150 residues of the HIV-1 protease.

logously expressed i&tscherichia coli(31). K-values were In spite of the promising HIV-1 protease inhibition activi

determined in a fluorometric assay (32). ties obtained for some of these inhibitors, the antiviral activ
ities in cell culture (ERy) were not improved over inhibitor
In vitro anti-HIV activity 1 although inhibitor18a was equipotent (Table 2). Further
(Table 1 and 2) The anti-HIV activity was assayed by astudies are necessary to rationalize the SAR for antiviral ac
HIV cytopathic assay in MT-4 cells where the effects weretivity in cell culture for this class of compounds (34, 35).

2Unpublished results.
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Scheme 3.Synthesis of bissuccinimidyl ester.

Ph Ph
g MeNH,, in THF )
0 2-hydroxypyridine, 0 QH O y
o) o) CHC|3 _ \NMN\
4 ° 87% H 6 OHO
J P(h
Ph 10 1
Ph
2,2-dimethoxypropane,
camphorsulfonic acid, 0 9/ 0 lc\l:ﬁoaNaé?ﬁ%
acetone N - N 2v2 "
85% H (o O O
Ph
12
Ph Ph
R LIOH, H,0,
o 0/ N THF-H,0, 0°°C 0o 0/0
~ 8 N - OH
NM ~ . HO .
| = Quant. yield =
O’-N (O(f O from 16 (O 0 O
Ph Ph
13 14

Ph
N,N-disuccinimidyl o o o/>/ oJ Q
carbonate, CH,CN <N‘O ; QNN;
0 0

95% o 6) 5
b
15
Experimental section (1S,2R)-(-)-cis-1-Phthalimido-2-O-acetoxy (4)

A mixture of 3 (3.0 g, 20 mmol), phthalic anhydride

Thin layer chromatography was performed using silica gel3.6 g, 24.3 mmol), and triethylamine (2.8 mL, 20.0 mmol)
60 F-254 (Merck) plates with detection by UV and (or) char in MeOH (50 mL) was stirred at room temperature for
ring with 8% sulphuric acid or by charring with ammonium 70 min under an argon atmosphere. After concentration the
molybdate (100 g):Cer(lV)sulfate (2 g):sulfuric acid (10%, oily residue was dissolved in pyridine (40 mL) and acetic
2 L). Column chromatography was performed on silica gelanhydride (20 mL) and stirred at room temperature for 16 h.
(Matrix Silica Si 60A, 35-70m, Amicon). Organic phases The mixture was worked-up by adding @&, (100 mL)
were dried over anhydrous sodium sulfate or magnesium sukxtracted with cold 10% HCI (2 x 40 mL). The combined
phate. Concentrations were performed under reduced preaqueous phases were washed with,CH (2 x 50 mL) and
sure. NMR spectra were recorded on a JEOL GSX-27Q@he organic layer was washed with saturated NakCDx
instrument {3C NMR 67 MHz and'H NMR 270 MHz). 100 mL) and saturated NaCl (2 x 100 mL). The combined
Chemical shifts are reported in ppmd)(downfield from  aqueous phases were washed with,CH (2 x 75 mL),
tetramethylsilane in CDGJ unless otherwise stated. Accu dried and concentrated. The crude product was purified us
rate mass measurements were recorded on a Finnigan MARg column chromatography (toluene — ethyl acetate, 15:1)
900S Electrospray. Mass spectra were recorded on t give4 (5.3 g 83%) as a yellow solidH NMR (CDCly) &:
Hewlett—Packard 1100MSD. 1.86 (s, 3H, 1 CH), 3.46-3.49 (t, 2H, 1 C}}, 5.64-5.72 (q,

© 2000 NRC Canada
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Scheme 4.Synthesis of.-mannaric diamides.

N Amine (A),

O (/C_) O
( 1,2-dichloroethane

) 2.3 M HCI O OH
O 9 O H/ A MeOH )K‘/T\)\”/Hll.
A)J\(\:)\ﬂ/ I A Y
(o O O 17— 47% from 12 based (O OH O
. .
Bh on 66% loading Ph
17 a-h 18a-g, 1

1H, 1 CH), 5.96-5.99 (d, 1H, 1 CH), 7.20-7.32 (m, 4H, Ar), (1S,2R)-(-)-cis-1-Amino-2-indanol on solid support (8)
7.71-7.86 (m, 4H, Ar)}*C NMR (67MHz, CDC}) &: 20.3 Methylamine in ethanol (4.5 mL, 33%) was added to the
(CHg), 37.7 (CH), 54.4 CH-N), 72.6 CH-0), 123.0, 124.3, solid phase from the previous step) @nd stirred for 16 h.
124.5, 126.9, 128.7, 131.4, 133.8, 136.4, and 140.6 (arcfFhe solid phase was rinsed with @&, (10 mL), MeOH
matic C), 167.4 and 168.9 (C=0). MS (API-ES) calcd. for (10 mL), and then CHGI(10 mL) to give 8. All the solid

321.10; found: 321.1. phase will be used in the subsequent step.
The combined organic phases were concentrated and the
(1S,2R)-(-)-cis-1-Phthalimido-2-indanol (5) formed N-methylphthalimide ) was purified using column

To a stirred solution of4 (5.3 g, 16 mmol) in MeOH chromatography (chloroform—methanol, 20:1) which gave
(250 mL) and CHCI, (100 mL), sodium methoxide in MeOH Pure 9 as a white solid (21 mg, loading 66%)H NMR
(0.1 M) was added dropwise until pH reached 7.5. After 5 h(270 MHz, CDC) 8: 2.94 (s, 3H, 1 CH), 7.01-7.67 (m,
DowexX® HCR-W2 (H') ion exchange resin was added to neu 4H, Ar). ~“C NMR (67MHz, CDC}) 6: 26.8 (CHy), 125.7,
tralize the solution. The product was purified using column128.3, 129.0, 130.1, 134.6, and 140.7 (aromatic C), 170.0
chromatography (toluene — ethyl acetate, 5:1). Concentratiof=0)-
gave pures (2.98 g, 65%) as a white solidH NMR (CDCly)

0: 2.84 (s, 1H, 1 OH), 3.20-3.38 (m, 2H, 1 @H4.75-4.77 N1 ,N6-Dimethyl-(2R,3R,4R,5R)-2,5-dibenzyloxy-3,4-

(9, 1H, CHOH), 5.77-5.80 (d, 1H, CHN), 7.09-7.33 (m, 4H, dihydroxy hexanediamide (11)

Ar), 7.67-7.83 (m, 4H, Ar)13C NMR (67MHz, CDC}) &: A mixture of benzylated bislacton&@) (7.64 g, 21.6 mmol),

41.2 (CHy, 57.7 CH-N), 74.0 CH-OH), 123.4, 124.2, 125.5, 2-hydroxypyridine (2.06 g, 21.7 mmol), and methylamine in

126.9, 128.5, 131.8, 134.1, 137.1, and 140.2 (aromatic C)THF (2 M, 23 mL, 46 mmol) in CHGJ (60 mL) was stirred

169.0 (C=0). Anal. calcd. (GH3NOz): C 73.11, H 4.69, at ambient temperature for 15 min. The ami¢ phase was

N 5.02; found: C 72.98, H 4.55, N 4.98. washed with saturated NaHG(BXx), dried,concentrated, and the
residue purified by column chromatography (CHMeOH,

(1S.2R)-(-)cis-1-Phthalimido-2-indanol on solid support (7) ~ 20:1) to give purell (7.83 g, 18.8 mmol, 87%) as a white

Dry Merrifield resin with a dihydropyran linker 6§  Solid. "“C NMR (CDCE) 8: 25.8 (2 CHgy-NH), 71.1, 73.8,
(400 mg, 0.51 mmol/g, 0.20 mmol linker) was swollen in 79:6 (2 @H,Ph, C2, C3, C4, and CS), 128.1, 128.2,
dry 1,2-dichloroethane (5.5 mL) under an argon atmosphere-28:6, 136.7 (aromatic C), 172.7 (2=0). MS (API-ES)
Anhydrous PPTS (100 mg, 0.40 mmol) aisd(200 mg, calcd. for 416.1; found: 416.1.

0.72 mmol) were added and the mixture was heated to 79°C.

After 16 h the mixture was cooled to room temperature andN1,N6-Dimethyl-(2R,3R,4R,5R)-2,5-dibenzyloxy-3,4-

the solid support was rinsed with GEl, (20 mL) and dihydroxy-3,4-O-isopropylidenehexanediamide (12)

MeOH (20 mL) to give7. The filtrate was concentrated and  Dimethoxypropane (15 mL, 123 mmol) and camphorsul
the solid residue was purified using column chromatographyonic acid (2.66 g, 11.5 mmol) were added to a stirred-mix
(toluene - ethyl acetate, 5:1) to recover unreacted ture of1l (6.0 g, 14.4 mmol) in dry acetone (70 mL). The
(104 mg, 0.47 mmol). All the solid phase was used in theprecipitated product was filtered off after 15 min to give
subsequent step. pure 12. The solution was concentrated, gH, was added

© 2000 NRC Canada
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Table 2. Structure, yields, and HIV-1 protease inhibitory acitivity and in vitro antiHIV-1
acitvity of unsymmetrical-mannaric diamides withRR 3R, 4R, 5R configuration.

Ph
o oHo H OH
A . N
O OHO
by
A Cmpd. no.  Yield (%)? K’ EDso
(nM) (UM)
o
AN ANk 18a 23 0.2 0.1
0
X _NH 18b 28 70 > 100
CHgNH 18 ¢ 35 2 2
HO_~NH 18 d 26 200 60

g”” 18e 21 0.1 3
F
/@ﬁNH 18 f 17 20 >100
F

O/
©ANH 18 g 47 2 4

2 from 12 based on 66% loading

» Standard error 20 %

“ EDg, for reference substances tested in the same assay:
ritnonavir (EDsg, 0.06 M), indinavir (EDgy, 0.06 pM),
saquinavir (EDgq, 0.01 pM), nelfinavir (EDgg, 0.04 pM).

to the residue, and the organic phase was washed with satN1,N6-Dimethyl-N1,N6-dinitroso-(2R,3R,4R,5R)-2,5-

rated NaHCQ (3x), dried and concentrated. The solid wasdibenzyloxy-3,4-dihydroxy-3,40-

washed with a small amount of dry, cold acetone to giveisopropylidenehexanediamide (13)

pure 12 (5.58 g, 12.2 mmol, 85%)~C NMR (CDCL) &: To produced MO, Pb(NG;), (20 g, 60 mmol) was heated
25.6, 26.9 (4CHy), 73.5, 77.5, 79.3 (2 OH,Ph, C2, C3, C4, over an open flame and the gas was led down intg@at

and C5), 110.0 (Gz-0), 128.0, 128.1, 128.5, 136.8 (aro —10°C. The solution was cooled to —60°C under an argen at
matic C), 169.3 (C=0). Anal. calcd. H3,N,Og): C 65.77, mosphere and anhydrous sodium acetate (4.2 g, 51.2 mmol)
H 7.06. N 6.14; found: C 65.65, H 6.83, N 6.01. was added followed byt2 (3.25 g, 7.12 mmol). The —60°C

© 2000 NRC Canada
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bath was replaced with an ice salt bath after 30 min and th&l1-[(1R,25)-2-Hydroxy-2,3-dihydro-1H-indenyl]-N6-(2-
mixture was stirred at —10°C until the substrate was-conhydroxyethyl)-(2R,3R,4R,5R)-2,5-dibenzyloxy-3,4-

sumed (1 h). The solution was poured into ice and water andihydroxy-3,4-O-isopropylidenehexanediamide on solid

the phases were separated. The organic phase was waslggbport (17c)

with ice cold 5% sodium bicarbonate. The organic phase The solid phasel6 was reacted according to the general
was washed with ice cold 5% sodium bicarbonate, drieghrocedure, vide supra, using the amine ethanolamine
briefly at 0°C, and concentrated to giu& as a yellow oil.  (120puL, 2 mmol) to givel7c

The nitrosoamide solution was never allowed to warm above

0°C. All the product was used immediately in the next step. N1-[(1R,25)-2-Hydroxy-2,3-dihydro-1H-indenyl]-N6-

[(1S)-2-methyl-1-(methylcarbamoyl)propyl]-

2,5-Di-O-benzyl-3,40-isopropylidene+-mannaric acid (14) (2R,3R,4R,5R)-2,5-dibenzyloxy-3,4-dihydroxy-3,40-

Hydrogen peroxide (12.5 g 30%) and LiOH (1.26 g, isopropylidenehexanediamide on solid support (17d)
52.7 mmol) were added to a stirred solution1 from the The solid phasel6 was reacted according to the general
previous step in THF—$D (3:1) (100 mL) at 0°C. The mix  procedure, vide supra, using the amine valine methylamide
ture was stirred for 20 min at 0°C. The reaction was quenche@l95 mg, 1.5 mmol) to give 7d.
with N&,SO; (15 mL, 1.5 M). The THF V\\/IE?aéS evaporated and
the water phase was acidified with DowexICR-W2 (H") ) o 5 A RITH NA-(D A
ion exchange resin, and extracted with EtOAc. The phasegli#u[(()lrst’)isn)zil)ﬂ(yzdé?;g' jR35(|3\>I)h¥dE:Odil-birl]r;?/ﬁ)?g/l]gl\f (2.4

were separated and the organic phase was dried and concey; PV . 2 .
trated to givel4 (3.05 g, 7.08 mmol, 100%) as a white solid. shhgggﬂle% O-isopropylidenehexanediamide on solid

13C NMR (CD;0D) &: 27.5 (2CHj3), 73.6, 80.0, 80.3 . .
(2 OCH,Ph, C2, C3, C4, and C5), 112 (O-0), 129.0, The solid phasel6 was reacted according to the general
procedure, vide supra, using the amine 2,4-difluorobenzyl

129.3, 129.4, 138.5 (aromatic C), 173.1 (C=0). amine (24QuL, 2.02 mmol) to givel7e

N1-[(2R)-Hydroxy-1(S)indanyl]-N6-succinimidyl- N1-[(1R,25)-2-Hydroxy-2,3-dihydro-1H-indenyl]-N6-
(2R,3R,4R,5R)-2,5-dibenzyloxy-3,4-dihydroxy-3,40- (benzyl)-(2R,3R,4R,5R)-2,5-dibenzyloxy-3,4-dihydroxy-
|sopropyI|Qenehexaned|am|de on solid support (16) . 3,40-isopropylidenehexanediamide on solid support (17f)
The SO.I'd phase from the previous st@(vas swollen in The solid phasél 6 was reacted according to the general
dry 1,2-dichloroethane (4.5 mL) for 40 min under an argonprocedure vide supra, using the amine benzylamine
atmosphere. The bissuccinimidyl diestet5( (900 mg, 220l 201 mmol) to éivel?f
1.44 mmol) was added and the mixture was stirred for 16 ﬁ T '
under an argon atmosphere at 60°C. The solid phase was ) )
rinsed with CHC} (20 mL), THF (10 mL), and then 1,2- N1-[(1R,2S)-2-Hydroxy-2,3-dihydro-1H-indenyl]-N6-(2-
dichloroethane (10 mL) to giv&6. All the solid phase was Mmethoxybenzyl)-(R,3R,4R,5R)-2,5-dibenzyloxy-3,4-
used in the subsequent step. dihydroxy-3,4-O-isopropylidenehexanediamide on solid
support (17h)
. The solid phasd6 was reacted according to the general
General procedure for preparation of compounds 17ah procedure, vide supra, using the amine 2-methoxybenzyl
The solid phase from the previous stef)(was swollen  gmine (250uL, 1.92 mmol) to givel7h.
in dry 1,2-dichloroethane (4 mL) for 40 min under an argon
atmosphere. The amine (2.0 mmol) was added and the mix . .
ture was stirred for 16 h under argon at 60°C. The solidV1.N6-Di[(2R)-hydroxy-1(S)-indenyl]-(2R,3R,4R,5R)-2,5-
phase was rinsed with CHC(20 mL), THF (10 mL), and ~ di(benzyloxy-3,4-dihydroxy-3,4-dihydroxyhexanediamide
then 1,2-dichloroethane (10 mL) to git&a-h. All the solid  ©n solid support (17g) _
phase was used in the subsequent step. The solid phasel6 was reacted according to the general
procedure, vide supra, using the amines 2R)-(-)-cis-1-
. . amino-2-indanol (301 mg, 2.03 mmol) to gil&g
N1-[(1R,2S)-2-Hydroxy-2,3-dihydro-1H-indenyl]-N6-
(isobutyl)-(2R,3R,4R,5R)-2,5-dibenzyloxy-3,4-dihydroxy- ,
3,4-0-isopropylidenehexanediamide on solid support (17a) G€neral procedure for the preparation of compounds
The solid phasdl6 was reacted according to the general 18a-h and 1

procedure, vide supra, using the amine isobutylamine 2-3 M HClin methanol (5.5 mL) was added to the solid
(200pL, 2.01 mmol) to givel7a phase from the previous step7@-h). After stirring for 4 h

at room temperature under an argon atmosphere, the solid
phase was rinsed with CHEL(20 mL) and MeOH (10 mL).
N1-[(1R,2S)-2-Hydroxy-2,3-dihydro-1H-indenyl]-N6- The combined organic layer was diluted by 20 mL CKICI
(methyl)-(2R,3R,4R,5R)-2,5-dibenzyloxy-3,4-dihydroxy- and extracted with saturated NaHEQ@ x 30 mL). The
3,4-O-isopropylidenehexanediamide on solid support (17b)  combined aqueous phases were washed with GHEZIx
The solid phasel6 was reacted according to the general40 mL). The combined organic layer was dried, corcen
procedure, vide supra, using the amine methylamine in THRrated, and purified by column chromatography to give
(2 mL, 2 M) to givel7h. 18a-h and 1.
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N1-[(1R,2S)-2-Hydroxy-2,3-dihydro-1H-indenyl]-N6- matography (chloroform—methanol, 40:1)33*C NMR
(isobutyl)-(2R,3R,4R,5R)-2,5-dibenzyloxy-3,40- (CDCl,) &: 36.6 (CH,-NH), 39.3 CH,-Ar), 58.0 (CH-NH),
isopropylidenehexanediamide (18a) 71.6,71.8, 72.5, 73.6, 74.0, 80.4, 81GH-OH, 2 OCH,Ph,

The solid phasd.7awas reacted according to the generalC2, C3, C4, and C5), 103.9, 111.6, 124.0, 125.4, 127.1,
procedure, vide supra, to give put8a(21 mg, 0.036 mmol, 128.2, 128.3, 128.5, 128.7, 130.9, 136.5, 136.6, 139.7, 140.8
28% based on loading) after purification with column c¢hro (aromatic C), 171.6, 172.3 (2 C=0). HRMS calcd. for
matography (chloroform—methanol, 40:1)3C NMR  646.2491; found 646.2493.

(CDCly) 8: 20.0 (2 CH), 28.4 (CH), 39.3 CH,-Ar), 46.4

(CHx-NH), 58.0 CH-NH), 71.6, 71.9, 72.6, 73.6, 74.1, 80.5, N1-[(1R,2S)-2-Hydroxy-2,3-dihydro-1H-indenyl]-N6-
81.4 (CH-OH, 2 CCH,Ph, C2, C3, C4, and C5), 124.0, (henzyl)-(2R 3R 4R,5R)-2,5-dibenzyloxy-3,40-
1254, 1270, 1282, 1283, 1285, 1287, 1288, 1367|80propy||denehexaned|am|de (18f)

139.8, 140.8 (aromatic C), 171.5, 172.3 (2 C=0). HRMS The solid phasd 7f was reacted according to the general

calcd. for 576.2835; found 576.2829. procedure, vide supra, to give put8f (17 mg, 0.028 mmol,

_ _ 21% based on loading) after purification with column chro
N1-[(1R,2S)-2-Hydroxy-2,3-dihydro-1H-indenyl]-N6- matography(chloroform—methanol, 40:1}3C NMR (CDCL)
(methyl)-(2R,3R,4R,5R)-2,5-dibenzyloxy-3,40- 3: 39.3 (CH,-Ar), 43.1 (CH,-NH), 57.9 CH-NH), 71.7,
isopropylidenehexanediamide (18b) 71.8, 72.5, 73.6, 74.0, 80.4, 81.€H-OH, 2 OCH,Ph, C2,

The solid phasd 7b was reacted according to the generalc3, C4, and C5), 124.1, 125.4, 127.1, 127.6, 128.2, 128.4,
procedure, vide supra, to give put8b (24 mg, 0.045 mmol, 128.7,130.9, 136.5, 137.5, 139.7, 140.8 (aromatic C), 171 5,

35% based on loading) after purification with column chro 172 3 (2 C=0). HRMS calcd. for 633.3050; found 633.3056.
matography (chloroform—methanol, 40:33C NMR (CDC})

0: 25.9 (CHy), 39.3 CH,-Ar), 58.0 (CH-NH), 71.5, 71.9,
72.6, 73.6, 74.0, 80.7, 81.8CH-OH, 2 OCH,Ph, C2, C3,
C4, and C5), 124, 125.4, 127.1, 128.2, 128.4, 128.4, 128.
136.6, 139.7, 140.8 (aromatic C), 172.0, 172.3, (2 C=0)
HRMS calcd. for 534.2366, found 534.2359.

N1-[(1R,2S)-2-Hydroxy-2,3-dihydro-1H-indenyl]-N6-(2-
fnethoxybenzyl)—(ZR,SRAR,5R)-2,5—dibenzy|oxy—3,4€)—
isopropylidenehexanediamide (189)

" The solid phasd 7g was reacted according to the general
procedure, vide supra, to give put8g (38 mg, 0.06 mmol,

. . 47% based on loading) after purification with column chro-
N1-(1R,25)-2-Hydroxy-2,3-dihydro-1H-indenyl]-N6-(2- matography (chloroform—methanol, 40:33C NMR (CDCL)
hydroxyethyl)-(2R,3R,4R,5R)-2,5-dibenzyloxy-3,40- 5: 39.2, 39.2 CH,-Ar and CH,-NH), 55.1 CH-O), 57.9
dihydroxyhexanediamide (18c) (CH-NH), 71.4, 71.8, 72.5, 73.4, 73.8, 80.4, 81GH-OH, 2

The solid phas&?cwas r'eacted according to the generalOCH Ph, C2, C3, C4, and C5), 110.2, 120.6, 124.0, 125.3
procedure, vide supra, to give put8c (19 mg, 0.034 mmol, 125.§, i26.é, 1'28.1,, 128.2, EI.28.5, ,129.0,, 129.5,, 136.7,,

26% based on loading) after purification with column chro-1436°2" 1399 1407 1575 (aromatic C), 171.0, 172.2 (2
matography (chloroform—methanol, 20:1)}*3C NMR —AY o 3 ' . : ey '
(CDCl) &: 39.3 CH,-Ar), 41.9 (CH,-NH), 57.6 CH-NH), C=0). HRMS calcd. for 640.2785; found 640.2783.

61.1 CH,-OH), 71.5, 71.6, 72.5, 73.2, 73.3K-OH, 2 ) ,

OCHZ(FC’:h,ZCZ, )cs, C4, and C5), 124.0, 125.3, 1H27.0, 128.1NLN6-D[(2R)-hydroxy-1(S)-indanyl]-(2R,3R, 4R 5R)-2,5-
128.2, 128.3, 128.6, 136.6, 136.8, 139.8, 140.7 (aromatidi(Penzyloxy-3,4-dihydroxyhexanediamide (1)

C),171.6 (C=0). HRMS calcd. for 564.2472; found The solid phasd7hwas reacted according to the general

564.2460. procedure, vide supra, to give pute(14 mg, 0.021 mmol,
17% based on loading) after purification with column chro
N1-[(1R,25)-2-Hydroxy-2,3-dihydro-1H-indenyi]-N6- matography (chloroform—methanol, 40:33C NMR (CDCL)

[(lS)-2-methyl-1-(methylcarbam0yl)propyl]-(ZR,3R,4R,5R)- d: 39.1 (2CH2'Ar), 57.7 (2 CH'NH), 71.6, 72.5, 73.4, 81.3

2,5-dibenzyloxy-3,40-isopropylidenehexanediamide (18d) (CH-OH, 2 CCH,Ph, C2, C3, C4, and Cs), 124.0, 12.5'3’
The solid phasd?d was reacted according to the general 126.9, 128.1, 128.2, 128.6, 136.7, 139.8, 140.8 (aromaUC C),

procedure, vide supra, to give put8d (17 mg, 0.029 mmol, 171.5 (C=0).

23% based on loading) after purification with column chro

matography (chloroform—methanol, 40:3C NMR (CDCL) .

5: 17.1, 19.6 CHy-CH); 26.1 CH4NH), 29.1 (CH), 39.3 Conclusions

(CHx-A); 58.0, 58.4 CH-NH and O=CEH-NH), 72.2, A solid phase parallel synthesis of unsymmetrical inhibi
724, 72.8, 73.4, 81.3, 81.&KI-OH, 2 OCH,Ph, C2, C3, {4r¢ has been developed which will aid further development

C4, and C5), 123.9, 125.4, 127.0, 128.1, 128.2,128.4, 128.5 compinatorial amplification. A number of new potent in
128.7, 128.7, 136.4, 139.6, 140.8 (aromatic C), 170.9, 172.fipitors were discovered.

(2 C=0). HRMS calcd. for 610.2679; found 610.2673.

N1-[(1R,2S)-2-Hydroxy-2,3-dihydro-1H-indenyl]-N6-(2,4- Acknowledgment

difluorobenzyl)-(2R,3R,4R,5R)-2,5-dibenzyloxy-3,40-

isopropylidenehexanediamide (18e) We gratefully acknowledge support from the Swedish Na
The solid phasd 7ewas reacted according to the generaltional Board for Technical Development (NUTEK) and from

procedure, vide supra, to give put8e (14 mg, 0.020 mmol Medivir AB, Huddinge, Sweden and Dr. Karl-Erik Karlsson

17% based on loading) after purification with column chro Héssle AB for HRMS.
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