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Indinavir is one of the five potent HIV protease inhibitors
that have been approved by the U.S. Federal Drug Admin-
istration as key therapeutic agents for the treatment of HIV
infection and AIDS.1 Although these agents have been shown
to be efficacious, they all suffer to some degree from short
half-life and increasing viral resistance.2 To improve potency
and physical properties as well as the pharmacokinetic
profile, we were interested in developing a facile synthesis
to generate indinavir analogues rapidly. Herein we report
the first solid phase synthesis of indinavir and its analogues,
which paves the way for the generation of combinatorial
libraries for biological screening and pharmacokinetic stud-
ies.3

The total synthesis of indinavir in solution is a well-known
challenge due to its structural complexity.4 The solid phase
synthesis of indinavir required us to develop a general

synthetic strategy that would allow us to explore diversity
at sites known to be metabolized, alter efficacy, and change
physical properties.

We decided to divide the indinavir molecule into three
fragments, the aminoindanol moiety, the hydroxyethylene
unit, and the pyridylmethyl group. The hydroxyl group on
aminoindanol was used as a resin tether which was attached
to the Rapp TentaGel S COOH resin via an ester linkage.
The hydroxyethylene and pyridylmethyl fragments could be
coupled sequentially through amide formation and reductive
amination. The final product could be cleaved from the resin
by transesterification with mild base. This approach is
straightforward for facile diversification of all three frag-
ments.

Our solid phase synthesis of indinavir is illustrated in
Scheme 1. Boc protected aminoindanol2 was coupled to
the resin (0.25 mmol/g) with EDC and DMAP in DMF and

Scheme 1
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CH2Cl2 (1:4) to afford3. After removing the Boc protecting
group with TFA/CH2Cl2, the resin was neutralized with 30%
Et3N/CH2Cl2 during the washing cycle. The TBS protected
hydroxylethylene fragment45 was coupled to3 by standard
amide formation protocol. Then the Boc group was removed,
the pyridylmethyl moiety was incorporated by reductive
amination using NaB(OAc)3H in 1% AcOH/DMF to give6
which was treated with HF/pyridine to remove the TBS
group. The final product was cleaved from the resin with

10% Et3N/MeOH at 50°C overnight. Indinavir was obtained
in good yield and excellent chemical purity as determined
by HPLC,6 1H NMR, and LC-MS analysis (Table 1, entry
b).

Using this methodology, several indinavir analogues were
prepared on solid support (Table 1). All the compounds are
produced in purities of greater than 70%, which demonstrated
the versatility and efficiency of the indinavir syntheses
described herein.

In summary, a novel solid phase synthesis of indinavir
and its derivatives has been developed. The method is
versatile and ideally suitable for combinatorial library
generation. Therefore, this approach offers the potential of
providing diverse libraries of indinavir derivatives for
biological assays.

Acknowledgment. We thank Nathan A. Yates and Amy
M. Bernick for performing LC-MS analysis and the Depart-
ment of Process Research for providing aminoindanol
fragments.

Supporting Information Available. General experimen-
tal procedures and characterization data for indinavir ana-
logues are available free of charge via the Internet at http://
pubs.acs.org.

References and Notes
(1) (a) Vacca, J. P.; Dorsery, B. D.; Schleif, W. A.; Levin, R. B.;

McDaniel, S. L.; Darke, P. L.; Zugay, J.;Quintero, J. C.; Blanhy, O.
M.; Roth, E.; Sardana, V. V.; Schlabach, A. J.; Graham, P. I.; Condra,
J. H.; Gotlib, L.; Holloway, M. K.; Lin, J.; Chen, I.-W.; Vastag, K.;
Ostovic, D.; Anderson, P. S.; Emini, E. A.; Huff, J. R.Proc. Natl.
Acad. Sci. U.S.A.1994, 91, 4096. (b) Vacca, J. P.; Condra, J. H.
Drug DiscoVery Today1997, 2, 261. (c) Kempf, D. J.; Sham, H. L.
Curr. Pharm. Des.1996, 2, 225.

(2) (a) Schock, H. B.; Garsky, V. M.; Kuo, L. C.J. Biol. Chem.1996,
271, 31957. (b) Deeks, S. G.; Smith, M.; Holodniy, M.; Kahn, J. O.
J. Am. Med. Assoc.1997, 277, 145.

(3) For recent reports of other solid phase synthesis of protease inhibitors,
see: (a) Kick, E. K.; Ellman, J. A.J. Med. Chem.1995, 38, 1427.
(b) Wang, G. T.; Li, S.; Wideburg, N.; Kraft, G. A.; Kempf, D. J.J.
Med. Chem.1995, 38, 2995. (c) Baker, C. T.; Salituro, F. G.; Court,
J. J.; Deininger, D. D.; Kim, E. E.; Li, B.; Novak, P. M.; Tao, B. G.;
Pazhanisamy, S.; Schairer, W. C.; Tung, R. D.Bioorg. Med. Chem.
Lett. 1998, 8, 3631.

(4) (a) Dorsey, B. D.; Levin, R. B.; McDaniel, S. L.; Vacca, J. P.; Guare,
J. P.; Darke, P. L.; Zugay, J. A.; Emini, E. A.; Schleif, W. A.;
Quintero, J. C.; Lin, J. H.; Chen I.-W.; Holloway, M. K.; Fitzgerald,
P. M. D.; Axel, M. G.; Ostovic, D.; Anderson, P. S.; Huff, J. R.J.
Med. Chem.1994, 37, 3443. (b) Askin, D.;Drug DiscoVery DeV.
1998, 1, 338. (c) Maligres, P. E.; Weissman, S. A.; Upadhyay, V.;
Cianciosi, S. J.; Reamer, R. A.; Sager, P. J.; Rossen, K.; Eng, K. K.;
Askin, D.; Volante, R. P.; Reider, P. J.Tetrahedron1996, 52, 3327.

(5) Methods used to prepare this intermediate are described in ref 4a.
(6) Analysis by HPLC using a 4.6× 50 mm YMC Combiscreen C18

column (5µm particle size) with a gradient of 10% acetonitrile/water
containing 0.1% TFA to 100% acetonitrile over 2.25 min. Peak areas
were integrated at 220 nm.

CC000029Z

Table 1. Solid Phase Synthesis of Indinavir Analogues

a Yields are calculated based on theoretical loading.
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