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Abstract: A novel series of chain-extended, pseudo C2 symmetric 1,5-diaminoalcohol analogs was designed
and synthesized using an efficient nitroaldol condensation mediated by triethylsilyl triflate and TBAF.xH7O.
Prototypical acyclic compounds harboring a central spirolactam or a nitro group, and amide variants of an off-
center 1,5-diaminoalcohol analog were synthesized and their activities against HIV protease evaluated.
Copyright © 1996 Elsevier Science Ltd

Inhibition of HIV protease has become a strategically important and therapeutically viable approach
toward the control of HIV infection. 1.2 Of particular relevance are the recently reported potent HIV protease
inhibitors with C2 and pseudo C2 symmetrical structures, as exemplified by the Abbott diol 1 (Y = OH),32 the
aminodiol 2,3b several branched or chain-extended variants such as 1 (Y = CO;H, CO;Me, CH,OH),3¢ and 33d
(Figure 1). Capitalizing on recent methodology in stereocontrolled nitroaldol condensations of o-
aminoaldehydes developed in our laboratories,4 we extended our studies to the synthesis of the novel acyclic
molecules illustrated in Figure 2.
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Design considerations: It has been suggested from X-ray crystallographic studies3d that the central unit
(carboxyl, amino, etc.) in C2 and pseudo C2 symmetric inhibitors is involved in displacing a water molecule in
the catalytic active site of the enzyme with the flanking units occupying two equivalent, hydrophobic S1 sites
in a favorable binding interaction. It is also apparent that the enzyme shows some conformational flexibility in
its binding modes allowing for manipulation in this central unit.

From a consideration of structures 1, 2, and 3, it is evident that some latitude exists in the relative
disposition of the hydroxyl group(s) and the aminoacyl units with regard to biological activity. The design of
molecules 4-10 was predicated upon the inclusion of prototypical functional, stereochemical, and symmetry
elements that could be conducive to the manifestation of HIV protease inhibitory activity based on data from
related structures.
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Figure 2
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To the best of our knowledge, a nitro group has not replaced the central polar group in HIV protease
inhibitors of the types shown in structures 1-3 (Figure 1). Although the nitro group can only be a H-bond
acceptor in analog 4, its influence, if any, on binding to the enzyme was of interest. The novel spirolactam §
offers hydrogen-bonding donor and acceptor sites in a spatially unique position. The effect of an “off-center”
hydroxy group in compounds 6-10 was of interest particularly with regard to any stereochemical preferences
vis-a-vis the epimeric alcohols 6 and 8. We chose to place a Cbz-valine moiety on the nitrogen atoms of
compounds 4, 5, 6, and 8, given the marked improvement in activity of the Abbott diaminodiol HIV protease
inhibitor 1 (Y = OH) when Boc groups were replaced by Cbz-valine.32
Synthesis: N, N-Dibenzyl-L-phenylalaninal> 11a was condensed with nitromethane® to obtain a mixture of syn
and anti nitroalcohols (Scheme 1).4

Scheme 1
OH
HO
P I 4. pn
RRN 93% RRN  NO; 7% RAN  NO, NRR
z {-]

118, R,H'=BI’I 1&. [().b +66 (00.9, CHC|3) 1“, R,H'=Bn
11b, R=H, R'=Boc 12b, R=H, R'=Boc 13b, R=H, R'=Boc

Conditions and yields for series a: (a) CH3NO,, TBAF.xH,0, THF, 0 °C; (b) MsCl, Et3N, CH,Cl,, 0 °C--> 1t; (c)
NaBH4, CHCljy:i-PrOH, silica gel; (d) For 13a: 11a, TBAF.xH;0, TESOTT, Et3N, THF, 0 °C--> t, 1 h; For 13b: 11b,
TBAF.xH,0 (2 equiv), THF, 69% (see note 7); TBAF.xH 20 was purchased from Aldrich Chemical Co.

This mixture was subjected to elimination first by mesylation and then reduction with NaBH 4 under
Borchardt’s conditions8 to obtain nitroalkane 12a. Compound 12a was then condensed with aldehyde 11a
under triflate-mediated conditions as previously described to afford a diastereomeric mixture of nitroalcohols
13a. The condensation of two sterically hindered subunits 11a and 12a was best achieved under optimal
conditions that required 1.5 equivalents of 11a per mole of 12a with one equivalent each of TBAF.xH70,
TESOTY, and Et3N.

The corresponding Boc-protected nitroalkane 12b was synthesized under identical conditions in 55%
overall yield. Best yields for the nitroaldol condensation between 11b and 12b were obtained in the presence
of two equivalents of TBAF.xH70. The triflate-mediated protocol failed to give reasonable yields of 13b



Inhibitors of HIV protease 2203

possibly due to the generation of triflic acid in situ under the reaction conditions resulting instead in cleavage

of the Boc groups.

Scheme 2
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The Schmidt—Rutz dehydration of 13b under conditions modified by Ballini and Palestini® proceeded
in good yields (Scheme 2). Subsequent reduction with NaBH 4 afforded the pseudo C2 symmetric crystalline
nitroalkane 15b in 98% yield. This was quantitatively deprotected in the presence of TFA/CH,Cl, and the
product coupled under standard conditions 10 with Cbz-L-valine to afford analog 4 in 60% yield.

Scheme 3
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From a synthetic standpoint, the versatility of the nitro group is best illustrated in the synthesis of
analog 5 (Scheme 3). Subjecting the nitroalcohol mixture 13a to an elimination-reduction sequence yielded the
pseudo C2 symmetric nitrodiamine 15a. Compound 15a underwent smooth Michael addition!! to methyl
acrylate in the presence of a catalytic amount of TBAF.xH 2O to give nitroester 16. Reduction with Pd black in
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the presence of formic acid!? was accompanied by y-lactamization to yield the spirolactam 17.
Functionalization of the amine groups in the usual manner afforded analog 5.13

The hydroxypropyl-linked diamine analogs 6-10 were obtained from 13a (Scheme 4). Swern oxidation
of 13a led to several side-products probably resulting from elimination to the corresponding nitroalkene. Dess—
Martin oxidation, 14 on the other hand, led to the corresponding nitroketone in 90% yield.

Scheme 4
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(a) Dess—Martin periodinane, CH,Cl,, 90%; (b) Ph3SnH, AIBN, benzene, 56%; (c) LiBH 4, ether, tt, 6 h, 94% (3:1) or
L-Selectride™, THF, -78 °C, 2 h--> 11, 12 h, 34% for 2 steps (>99:1); (d) H,, Pd black, 10% HCO,H/MeOH, 78%, ref 10;
(e) Cbz-L-valine, BOP, DIEA, CH3CN-DMF, 46% (yield for 8)

Radical-induced denitration !5 was best accomplished using Ph3SnH/AIBN. Complete syn selectivity in

the reduction of ketone 18 was achieved with L-SelectrideTM or NaBHj4 to obtain 19 based on literature
precedents.16 Alternatively, alcohols 19 and 20 were obtained as a 3:1 mixture (syn:anti) in 94% yield in the
presence of LiBH4. The a- and P-alcohols were easily separable by flash chromatography and they were
individually subjected to debenzylation, and amide formation mediated by BOP/DIEA !7 to yield analogs 8-10.
For the synthesis of compound 6, coupling was performed in the presence of i-BuOCOCI/NMM.10 No
epimerization was detected by HPLC during the coupling.
Results and Discussion: A preliminary biological evaluation of the novel compounds 4, 5, and 8 identified
compound 8 as a subnanomolar inhibitor of HIV protease (Table 1). It displayed a potency equal to that of the
Abbott standard A-7700318 used in the assay. The lack of activity of compounds 4 and 5 may indicate that the
nitro and the spirolactam groups do not serve as useful anchors in the active site. The off-center hydroxyl
group in the chain-extended analog 8 has a beneficial effect, possibly as an effective site for H-bonding.

Recently, Randad et al.!9 published the synthesis of inhibitors of HIV protease containing
anthranilamide P2/P2’ ligands with activities in the picomolar range. The 2-pyridylmethoxycarbonyl anthranil
group was purported to enhance binding by H-bonding of amide NH of anthranilate with gly 48/148 and by
additional P3/P3’ stacking interactions with the pyridine moiety along with water-mediated interactions of the
pyridine nitrogens with the enzyme. Encouraged by the excellent inhibitory activity of 8, we prepared the
corresponding anthranil analog 9. Furthermore, the 2-pyridylsulfonyl group20 was placed on the anthranilate to
probe the effect of a sulfonamide moiety in that region of the molecule.

As seen from Table 1, compound 9 (ICs50 = 14 nM) retained good inhibitory activity against HIV
protease, although the anthranil ligands did not help enhance potency relative to the Cbz-valine derivative 8. In
light of a close structural resemblance between 9 and 10, a complete loss of potency for analog 10 was
unexpected. It is of interest that the (R)-alcohol 6 was found to be 400-fold less potent than the (S)-alcohol 8
(Table 1). The effects, if any, of epimeric alcohol analogs of 9 and 10, were not studied.
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Table 1
Compound ICs9 nMab
A-77003 <1 (57% at 0.5 nM)
4 1500
5 2700
6 200
7 380
8 <1 (62% at 0.5 nM)
9 14
10 >3000

a. For conditions of biological assays, see reference 18.
b. Average of 2-3 determinations.

Conclusions: A novel chain-extended series of HIV protease inhibitors has been synthesized using an efficient
sequence involving nitroaldol reactions and manipulations of the nitro group. The most potent compounds in
this set were analogs 8 and 9 with ICsg values of 0.5 and 14 nM, respectively. Also, a comparison of the in

vitro activities of diastereomeric alcohols 6 and 8 has revealed a clear preference for the S stereochemistry at
the alcohol stereogenic center. It is evident that some flexibility in terms of number of atoms between the
amine centers is tolerated as long as a hydroxyl group in the central region serves as a H-bonding anchor.
Preliminary tests on 8 in a standard cell-based assay against HIV-13g in MT4 cells showed <50% activity up to
100 pM, which may be due to its extremely low solubility in water. Further refinements in the structures of
chain-extended motifs related to 8 with the objective of obtaining less hydrophobic analogs are a logical
extension of this work.
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