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Abstract: A series of novel spirocyclic ethers were designed to function as nonpeptidal P,-ligands for HIV-1
protease inhibitors. Incorporation of designed ligands in the (R)-(hydroxyethylamino)sulfonamide isostere
afforded potent HIV protease inhibitors. © 1998 Elsevier Science Lid. All rights reserved.

Since the discovery that a virally encoded HIV protease is vital for propagation, inhibition of this enzyme has

become an important target for AIDS chemotherapy.! Recently, three peptidomimetic protease inhibitors in

combination with reverse transcriptase inhibitors have been approved by the FDA for treatment of AIDS. The early

indications have heightened the hope for a cure for AIDS.2 As part of our continuing effort on the structure-based

design of nonpeptidal inhibitors, we reported that the urethanes of stereochemically defined cyclic ether and cyclic

sulfone derivatives are novel ligands for the HIV protease substrate binding site.3 One of the important features of
our design strategy is that the ligand oxygens are appropriately positioned on a constrained framework to effectively
hydrogen bond to residues corresponding to the quinaldic amide-asparagine amide fragment of the Ro 31-8959

based protease inhibitors.2¢ A number of protease inhibitors incorporating such designed ligands provided potent

inhibitors with novel structural features, reduced molecular weight as well as excellent pharmacological profiles in

laboratory animals.# In our ongoing efforts in designing structurally diverse protease inhibitors, we have now
developed novel spirocyclic ethers to function as nonpeptidal ligands for the HIV protease substrate binding-site.
These new ligands are incorporated in the (R)-(hydroxyethylamino)sulfonamide derived isostere as the N-terminus

carboxamide derivatives. Herein, we report our preliminary results of these investigations.

Based upon the examination of the X-ray crystal structures of inhibitors Ro 31-89592¢ and VX-47842 bound to
HIV-1 protease, we have hypothesized that a spirocyclic ligand with an oxygen positioned properly could effectively
hydrogen bond to the NH of the Asp 29 and 30 residues. It is evident that the asparagine amide fragment of the Ro
31-8959 inhibitor interact with these residues. Elaboration of such a spirocycle on a tetrahydropyran ring system
was chosen with emphasis on ease of synthesis utilizing Danishefsky’s hetero Diels-Alder chemistry.
Conformationally constrained spirocyclic structures were designed to maximize the specificity of interaction with the

active site. An energy-minimized active model of this designed inhibitor 14 is shown in Figure 1. The synthesis of
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Figure 1. Stereoview of the optimized bound conformations of inhibitors 14 (green) and
Ro 31-8959 (magenta) superimposed in the HIV-1 protease active site.*

desired spirocyclic ligands is outlined in Scheme 1. The cycloadduct 3 was prepared as reported by Danishefsky et

al.5 Catalytic hydrogenation of 3 followed by addition of allylmagnesium bromide to the resulting ketone, afforded
the mixture of alcohols 4 and § (ratio 3:2) in 65% yield. The alcohols were separated by chromatography (25% ethyl
acetate in hexanes) and each was converted to the corresponding spirocyclic ether derivative as follows.
Hydroboration of 5§ with 9-BBN followed by treatment of the resulting diol with 1.1 equiv of mesyl chloride in
pyridine provided the mono-mesylate, which was cyclized to spiroether 6 by reaction with NaH in THF (60%
overall). Spiroether 6 was converted to ester 7 by the following three step sequence: (1) removal of the
isopropylidene group with aqueous acetic acid (2) cleavage of the resulting diol with NalO,, and (3) oxidation
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Scheme 1: (a) ZnCl,, benzene, 23 °C, 17 h; (b) Hj, Lindlar catalyst, EtOAc; (c) CH,=CHCH,MgBr, THF,
-40 °C, 4 h; (d) 9-BBN, THF, 23 °C, 14 h, aq H;0,-NaOH, 50 °C, 1 h; (e) MsCl, Py, 0 °C, 3 h; (f) NaH,
THF, 23 °C, 15 h; (g) 40% aq AcOH, 100 °C, 4 h; (h) NalQ4, CH,Cl;-H70, 3 h; (i) Brp, aq MeOH,
NaHCOs, 4 h; (j) aq LiOH, THF, 4 h; (k) EtOAc, Hy, 10% Pd-C; (1) PhoP(O)Cl, Et3N -10° to 23° C, 12 h.
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Table 1. Structure and Inhibitory Potencies of Various Protease inhibitors®

K; (nM) IDsg (uM) | Comp. R K; (nM) IDso (uM)

R
q HOL
2043 2.4 18. >1000
° (n=3) o
(o]
Q
15. 150 45 1.
(o)
0
Q

\\
O
HO
16. >2000 20. (% 150 3.4
~ o \n/
o
L) )
17. ?\,l 400 9.1 21. “%j
o [4)
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of the resulting aldehyde with bromine to methyl ester (65% from 6). Saponification of the methy! ester 7 provided

the carboxylic acid 8, which was coupled with isostere 126 in the presence of diphenylphosphinic chloride and Et,N
in THF to provide the inhibitor 14 (76% yield). Alcohols 4 and 5 were also converted to ligand carboxylic acids
9-11 by similar synthetic steps.” Starting from (S)-isopropylidene glyceraldehyde,8 the corresponding enantiomeric
ligands were prepared by following the above synthetic scheme.

As summarized in Table 1, inhibitor 14 with spirocyclic ligand 8 has shown enzyme inhibition constant (K,)
of 20 + 3 nM in assay developed by Toth and Marshall.® The change in spirocyclic ether oxygen stereochemistry
resulted in inhibitor 15 with nearly eightfold loss of potency. The change in the carboxamide bearing stereo center
also exhibited nearly 20-fold loss of potency (inhibitor 17). The corresponding mono-cyclic derivatives (inhibitor
18 and 19) are substantially less potent than the spirocyclic inhibitors 14 and 15. The removal of the spirocyclic
ether oxygen resulted in inhibitor (compound 22, 1:1 mixture) with substantial loss of potency, indicating specific
binding interaction of the spiroether oxygen with the residues in the enzyme active site. Inhibitor 14 prevented the

spread of HIV-1 in MT, human T-lymphoid cells infected with IIIB isolate at a concentration of 2.4 uM (IDSO).10
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In conclusion, the structure-based designed spirocyclic ligands have shown promising preliminary results.

Incorporation of these ligands afforded structurally diverse inhibitors. The stereochemistry and importance of the
spiro tetrahydrofuranyl oxygen in inhibitor 14 (K;= 20 nM) are evident in the inhibitory potencies of the inhibitors

15 and 22. Further optimization of these novel ligands is the subject of our ongoing investigation.
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