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Abstract: A series of analogs of HIV protease inhibitor DMP323 containing functionalized aliphatic P2/P2'
groups was prepared and evaluated for HIV protease inhibition and antiviral activity in a cell-based assay.
Asymmetric compounds with a 5-hydroxypentyl substituent at P2 and a benzylic substituent at P2’ showed
increased potency over the corresponding symmetrically substituted analogs.
© 1997 The DuPont Merck Pharmaceutical Company. Published by Elsevier Science Ltd.

Despite recent introduction of new drugs for the treatment of Acquired Immune Deficiency
Syndrome (AIDS), the search for effective long-term therapy remains a major focus of pharmaceutical
research. HIV protease is the viral enzyme responsible for processing viral polyprotein precursors into the
structural proteins and enzymes needed for viral maturation.!,2 The solution of the crystal structure of the
enzyme both alone3 and bound to various inhibitors# has facilitated the rapid design of additional potent and
selective nonpeptide inhibitors of HIV protease by numerous research groups.5 Furthermore, clinical studies
with several such compounds have established the efficacy of this class of drugs for the treatment of AIDS in
humans.6 The design and synthesis of seven-membered cyclic ureas as low molecular weight nonpeptide
inhibitors of HIV-1 protease has been previously reported.” The cyclic scaffold in these molecules was
designed to displace the structural water molecule found in linear

inhibitor/protease complexes. In addition, the high degree of preorganization 0O
inherent in the geometry of the R,S,S,R sterecoisomer allows optimum R‘NJL N’R
projection of the four substituents into the $1/S1' and S$2/52' binding pockets. FS——)W\
The combination of these features has provided a large array of highly potent Hd b H Ph
compounds. The first example of this structural class to reach clinical trials 1

was DMP323, 1. DMP323 is a potent inhibitor of HIV protease, which DMP323

R = 4-hydroxymethylbenzyl
showed promising bioavailability in animal models.8 Unfortunately, the low

solubility of this compound resulted in variable blood levels after oral dosing
in man, which precluded advancement of this compound past Phase I clinical trials.%.10
In our continuing effort to find HIV protease inhibitors with more favorable pharmacokinetic
properties, we prepared a series of analogs with substituted alkyl groups of varying chain length at P2/P2'.
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The rationale for this approach was twofold. We expected compounds with less rigid aliphatic
sidechains would be more soluble. In addition, the conformationally unconstrained alkyl chains would
allow us to probe the P2/P2' pocket for additional hydrophilic interactions.

The synthesis of targets wherein P2/P2' are both hydroxyalkyl (compounds 4-9) is achieved in a
straightforward manner from unsubstituted cyclic urea 2110.11 as depicted in Scheme 1. Bisalkylation of 2 is
carried out using an excess of sodium hydride and the appropriate tetrahydropyranyloxyalkylbromide in
DMF to provide 3. Subsequent acid hydrolysis to remove all four hydroxyl protecting groups provides the
tetraols, 4-9.12 The requisite alkylating agents are prepared from the commercially available diols by
monoprotection with dihydropyran followed by treatment with carbon tetrabromide and triphenylphosphine
to provide the bromides. Alternately, compounds 4-9 can be obtained by alkylation of 2 with the C4-C9
alkenylbromides to provide diolefins 10. The MEM-protecting groups are then removed by acid hydrolysis
to give the diols. Ozonolysis followed by reductive work-up provides the tetraols.

Diamine analogs (14 and 15) are also easily prepared by alkylation of 2 with an excess of the
corresponding dibromoalkanes to provide the dibromides, 12. Displacement of bromine with azide, catalytic
hydrogenation of the azides to the amines 13 and hydrolysis of the diol protecting groups provide the
diaminediols. The remaining compounds in Table 1 arc prepared from the corresponding bis-MEM
protected diols (the THP ethers are selectively deprotected by treatment with HOAc in aqueous THF at 50 °C
for 2 h) or amines 13 by standard methods.
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The compounds were tested for inhibitory activity against HIV protease.!3 Antiviral activity was
assessed in a cell-based assay which measures the inhibition of viral RNA production in HIV-1-infected MT-
2 cells.} The results are shown in Tables 1 and 2. A comparison of the straight-chain alcohols to the
corresponding alkyls10 shows that the introduction of the hydroxyl group is detrimental at chain lengths of 3
or 4, but significantly enhances the activity at longer chain lengths with a peak in activity atn =35 or 6. This
observation demonstrates that a minimum five carbon hydrophobic chain is necessary to satisfy the lipophilic
interactions in the S2/S2' pocket before hydrogen bond donors on the P2/P2' side chain of the inhibitor can
find sites for favorable H-bonding interactions.

Jones oxidation of compound 7 to the corresponding diacid results in compound 16, which retains the
enzyme inhibitory potency of 7, but this compound shows poor translation in the whole cell assay, due
presumably to the negatively-charged acidic groups. This loss of translation could be remedied by
conversion to the dimethyl ester 17; however, a 100-fold loss in potency compared to the parent acid was
observed. A similar loss in activity is seen in going from alcohol 7 to methyl ether 18, indicating the
preference for a H-bond donor in this position.

The protease inhibition potency is adversely affected by the introduction of positively charged groups
at P2/P2' as can be seen by the poor activity of the basic amines, 14 and 15, suggesting a preference for a
neutral H-bonding interaction in this region. Various attempts to produce metabolically stable inhibitors by
providing neutral H-bond donors in the form of an amide, sulfonamide or urea derivative of compound 14

Table 1 did not provide potent compounds.
o The three-dimensional
R. N)L N R structure of HIV-1 PR complexed
N with one of the aliphatic alcohols,

Ph o on O 7, was determined with 1.7 A
Compound R Kj@mM)3 ICop(nM)2 diffraction data.15> An examination
1 -CH2C6H4(4-CH20H) 034 136 + 55¢ of the bound conformation
4 -(CH2)30H 51 NA® . .
5 -(CH2)40H 42 2671 confirms that the alkyl chain of 7 is
6  -(CHp)sOH 14106b  953+251C located in the hydrophobic $2/52'
; Eg%g (3):1::&15‘: ;(5)(1)1;1588" pockets formed by the residues
9 -(CH2)80H 500 17,158 Asp29/29', Asp30/30', I1e47/47",
P S o 1250 NA Gly48/48', Gly49/49', and 11eS0/50.
16  -(CH2)5COOH 0241008 NA The terminal hydroxyl groups of
}; Eggg;’gﬁgm z ;0A889 P2/P2' are situated at hydrogen
19  -(CH2)sNHCOCH3 350 NA bonding distances to residues
n dongwoch M N AgkA0@eD
22  -(CH2)5NHCOPh 59 NA The symmetric inhibitor
gz _Egggg:gg::gg }g ;713 was bound at the active site in a
25  -(CH2)sNHCOCH2(3-pyr) 8.9 3129 symmetric mode while retaining
26 ___-(CHy)sNHCOM pyr) 16 9903 the pseudo twofold symmetry of

ayalues without standard deviations represent an n of 1. n of 3 °nof 2

dn of 181 eHighest concentration tested was 50 pug/ml. the 99 residues homodimeric

protease. The root mean square
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Figure 1. (Top) X-ray crystal ssucture of compd 7 bound to HIV-1 PR showing hydrogen bonds between the
inhibitor and the protcin. Residues 24-30 at the active silc and 46-53 at the flap arc shown. Light-bluc
circles depict amide nitrogen atoms forming hydrogen bonds with the inhibitor. Water molecules are shown
as dark blue balls. (Bottom) Bound conformation of compd 7 shown from above.
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(rms) deviation of the 99 Ca between the two monomers after the superposition using a twofold axis is 0.25
A. With the superposition of symmetrical portions of the inhibitor, the rms is 0.64 A. In the absence of
P2/P2', the mms is 0.11 A, which is comparable to that of the cyclic urea inhibitors with aromatic rings at
P2/P2'. The largest deviation, 1.594, occurs at the third carbon from the ring nitrogen due to the opposite
torsional rotation at C1-C2 to C1'-C2". Still, the terminal oxygen atoms of P2 and P2' occupy symmetrically
equivalent positions in the $2/52' pockets and each forms two hydrogen bonds with the amide nitrogen and
the carboxyl oxygen atoms of Asp30/30'. Furthermore, there are two water molecules located near each
terminal oxygen atom. These water molecules form hydrogen bonds to the carboxyl oxygen atoms of
Asp29/29' as well as to the terminal oxygen atoms of 7. In this binding mode, a minimum of five (5) atoms
are required in the alkyl chain for the terminal oxygen atom to form a hydrogen bond with the amide nitrogen
of Asp30/30' which is consistent with the observed poor inhibition potency of compounds 4 and §.

Since both compounds 7 and 8 were potent protease inhibitors as compared with DMP323, we
decided to make hybrid molecules with one aliphatic and one benzylic P2/P2' side chain. These
asymmetrical analogs were prepared by a modification of Scheme 1 using stepwise alkylation of
unsubstituted cyclic urea 2. Careful alkylation of 2 in the presence of 2.5 equiv sodium hydride with a
tetrahydropyranyloxyalkylbromide provides a monoalkylated product in 50-70% yield after chromatographic
separation from the bisalkylated by-product. A second alkylation with an appropriately protected arylmethyl
bromide followed by deprotection in the usual manner provided the asymmetric compounds listed in Table 2.

These compounds were all highly potent protease inhibitors with good antiviral activity. Compounds
28 and 30-32 showed improved potency over the symmetrically substituted compounds from which they
were derived.13 These compounds were evaluated for oral bioavailability in rats. The asymmetric
compounds had similar plasma Cmax values to the parent symmetrically substituted benzylic compounds and
slightly extended plasma half-lives.

We have shown that replacement of the highly preorganized P2/P2' groups of DMP323 with straight
chain C5-C6 hydroxyalkyl groups results in minimal loss of potency. Furthermore, the incorporation of one
aliphatic and one benzylic alcohol as P2/P2' substituents led to an improved biological profile. This leads the

Table 2
o t
R\ \ P
g
Ph HO .OH Ph
Compd R R' K;(nM)2 ICQ(nM)a
28 -(CH2)SOH  2-naphthylmethyl 024+0.05 199 + 90
29 -(CH2)6OH  2-naphthylmethyl 1.7 264 + 144
30 -(CH2)5OH  (4-hydroxymethylphenyl)methyl 0.10+0.03 108 + 220
31 -(CH2)50H  (3-hydroxymethylphenyl)methyl 0.058 + 0.004 76 + 304
32 -(CH2)50H  3-hydroxyphenylmethyl 0.081 +0.028 36+ 106
33 -(CH2)5OH  3-carboethoxyphenylmethyl 0.72 + 0.30P 365
34 -(CH2)sOH cyclopropylmethyl 0991044 814
35 -(CH2)5OH  benzyl 0.6810.11 398

2Values with no standard deviation represent an n of 1. All others are n of 2 unless
otherwise noted. Pn of 3 Sn of 5 9n of 6
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way for further optimization by reintroduction of alternate steric constraints into the aliphatic chain to mimic
the conformation observed in the bound inhibitor/enzyme complex.
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