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Atazanavir Analogs

Abstract:

In this work, we report the synthesis of diverse atazanavir analogues as possible
potential novel drugs for human immunodeficiency virus (HIV-1). The synthesis
was carried as follows: First, condensation of 4-oxiranylmethoxy-9H-carbazole
(1) with N-1-(tert-butyloxycarbonyl)-N-2-(4-(pyridine-2-yl)-benzyl) hydrazine
(2) in presence of isopropyl alcohol at 70-75 °C followed by deprotection with
mineral acid yielded intermediate 4 which was subsequently coupled with
carbamate amino acid (5a-0) in the presence of EDAC.HCI and HOBt at room
temperature to produce atazanavir analogues containing the carbazole moiety (6a-
10c). These compounds were characterized by the following analytical methods:
IR, 'H NMR, 3C NMR and mass spectroscopy.

Keywords: Carbamate amino acid; carbazole; hydrazine; human
immunodeficiency virus; HIV-1 protease inhibitors; atazanavir

Introduction:

Human immunodeficiency virus, HIV a major worldwide disease, is of two types:
HIV-1 and HIV-2. Out of these two, HIV-1 is the most prevalent™?, Proteolytic
processing of HIV-1 precursor protein is the most essential step of HIV-1 life
cycle, where the processing is completed by a virally encoded enzyme (HIV-1
protease)®® 4. In vivo growth of HIV-1 can be suppressed by inhibiting HIV-1
proteasel®1 using chemotherapeutic process (administration of anti-HIV drugs to
the patients)®-23l, There were some reports on the estimation of Atazanavir in pure
and its combination of drugs®***°l, Atazanavir, one of the vital drugs administered
orally to patients suffering with HIV,is constructed from three different moieties
A, B and C as shown in Fig 1. Currently, researchersworldwide are looking out
for new and better anti-HIV drugs with more activity than the existing ones.
Compounds designated as analogs or derivatives of protease inhibitors have
already been consecrated. Based on this, we hypothesize that structural
modification of atazanavir with active moieties may result in better activity than
the atazanavir itself. In this study, we focused on the synthesis of diverse
analogues of atazanavir by changing the left (A) and right (B) part of atazanavir
chemical structure (Fig. 1).
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Fig. 1. Structure of Atazanavir

Materials and Methods

General: 'H NMR spectra were recorded using a Bruker 300 spectrometer (300 MHz). *C NMR spectra were
recorded using a Bruker 400 spectrometer (100 MHz), Infrared (IR) spectra were recorded on a Perkin-Elmer
spectrophotometer (in KBr pellet form). APl 2000 Perkin-Elmer PE-SCIEX mass spectrometer was employed to
identify the molecular ions of the synthesized compounds.

Synthesis

General procedure forsynthesis of tert-butyl-2-(3-(9H-carbazol-4-yloxy)-2-hydroxypropyl)-2-(4-(pyridin-2-yl)
benzyl) hydrazinecarboxylate (3):

N-1-(tert-butyloxycarbonyl)-N-2-(4-(pyridine-2-yl)-benzyl) hydrazine (2) (41.28 g, 0.1378 mol) was dissolved in
isoproanol (100 mL) at20-30°C followed by heating the solution to 70-75°C. To this solution, 4-oxiranylmethoxy-
9H-carbazole (1) (30 g, 0.1253 mol) was added slowly at 70-75 °C. The reaction was left stirring at similar
temperature for next 16 h. After 16 h, the temperature of the reaction mixture was brought back to 20-30 °C
followed by concentration under reduced pressure. The crude mixture was then dissolved in a 300 mL ethyl acetate
solution and treated with 100 mL water. The separated ethyl acetate layer was dried over anhydrous Na;SOsa,
filtered, concentrated and dried under vacuum for several hours to yield compound 3 (76.5 %).

Anal. Calcd for Cs2H34N4Oa4: C, 71.35; H, 6.36; N, 10.40; O, 11.88 found: C, 71.38; H, 6.36; N, 10.40; O, 11.88.
IR (KBr cm™): 3412 (NH); 3313 (OH); 1691 (C=0); 1263 and 1102 (C-O-C). *H NMR (DMSO-ds, 300 MHz)
01.33 (s, 9H), 3.03-3.05 (m, 2H), 4.04-4.09 (m, 2H), 4.19-4.22 (m, 2H), 4.95 (m, 1H), 6.68-8.66 (m, 16H), 11.21(s,
1H); 3C NMR (DMSO-ds, 100 MHz): ¢ 155.9(C-8"), 155.5 (C-1"), 149.4 (C-6"), 141.1 (C-5"), 139.0 (C-5'), 138.9
(C-12"), 137.4, (C-9), 137.1 (C-11"),129.2 (C-10"), 126.4 (C-2'), 126.3 (C-4'6"), 124.3 (C-3',7"), 122.4 (C-10"),
122.3 (C-8"), 121.7 (C-9"), 119.9 (C-3"), 118.5 (C-7"), 111.6 (C-11"), 110.2 (C-4"), 103.7 (C-2"), 100.4 (C-12"),
78.4 (O-C(CHs)s), 70.6 (C-3), 67.1 (C-2), 65.9 (C-1, 61.3 (C-1), 28.1 (C(CHs)3) ; MS: m/z 539.2 [M+H] *.

General protocol forsynthesis of 1-(9H-carbazol-4-yl-oxy)-3-(1-(4-(pyridin-2-yl) benzyl) hydrazinyl) propan-
2-ol (4):
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To Compound 3 (47 g, 0.0872 mol) in 150 mL of methylene chloride, 39.83 g (0.03926 mol) of Conc. HCI was
added slowly at 20-30 °C. The resulting mixture was stirred at same temperature for next 10 h. After 10 h, the
aqueous layer was separated and treated with methylene chloride followed by adjusting the pH of aqueous layer to
9.0 using 10% w/w aqueous sodium carbonate solution. The aqueous layer was then treated with methylene chloride
solution. The collected methylene chloride layers were concentrated and dried under vacuum for six hours to yield
compound 4 in 81.9 % yield.

Anal. Calcd for Ca7H2sN4O2: C, 73.95; H, 5.98; N, 12.78; O, 7.30; Found: C, 74.05; H, 5.88; N, 12.85; O, 7.35. IR
(KBr cm™):3403 (NH); 3236 (OH); 1097 (C-O-C). 'H NMR (DMSO-ds 300 MHz) 52.72 -2.85 (m, 2H), 3.64 (br,
2H) 3.80 (s, 2H), 4.14-4.23 (m, 2H), 4.35 (m, 1H), 5.55 (br, 1H), 6.67-8.65 (m, 15H), 11.20(s, 1H); *C NMR
(DMSO-ds, 100 MHz): 9155.9 (C-8"), 155.1 (C-1"), 149.4 (C-6"), 141.1 (C-5"), 139.0 (C-5'), 138.9 (C-12'), 137.4,
(C-9), 137.0 (C-11), 129.2 (C-10'), 126.4 (C-2'), 126.3 (C-4'6), 124.3 (C-3,7), 122.4 (C-10"), 122.3 (C-8"),
121.7 (C-9"), 119.9 (C-3"), 118.5 (C-7"), 111.6 (C-11"), 110.2 (C-4"), 103.7 (C-2"), 100.4 (C-12"), 70.6 (C-3) ,
68.4 (C-2), 65.9 (C-1'), 61.3 (C-1); MS: m/z 439.2 [M+H] *.

General procedure for the synthesis of L-tert-leucine analogs (6a-6c¢); L-valine analogous (7a-7c); L-leucine
analogs (8a-8c) and L-norvaline analogous (9a-9c) and D-phenyl alanine) analogs (10a-10c):

To a solution of compound 5a-0 (0.32 g, 0.0016 mol) in methylene chloride (15 mL), EDAC.HCI (0.33 g, 0.0017
mol) and HOBt (0.3 g, 0.0022 mol), were added at a temperature of 20-30°C. This reaction mixture was stirred for
next 3 h at similar temperature. After 3h, compound 4 (0.7 g, 0.0015 mol) was added and the reaction mixture was
further stirred for another 8-10 h at room temperature. Afterwards distilled water (20 mL) was added to the reaction
mixture. The organic layer was separated, washed with 10% w/w aqueous sodium bicarbonate solution and brine (10
mL) solution. The organic layer was dried over anhydrous Na.SO. and concentrated under pressure to yield 6a-7c.

Methyl 1-(2-(3-(9H-carbazol-4-yl-oxy)-2-hydroxypropyl)-2-(4-(pyridin-2-yl) benzyl) hydrazinyl)-3,3-dimethyl-
1-oxobutan-2-yl-carbamate (6a):

Anal. Calcd for CssHssNsOs: C, 68.95; H, 6.45; N, 11.49; O, 13.12 found: C, 68.99; H, 6.50; N, 11.42; O, 13.09.
IR(KBr cm™): 3408 (NH); 3346 (OH); 1722 (C=0), 1260 (C-O-C). *H NMR (DMSO-ds 300 MHz) 6 0.77 (s, 9H),
3.08-3.10 (m, 2H), 3.50 (s, 3H), 3.76-3.89 (m, 1H), 4.07-4.16 (m, 2H), 4.21-4.49 (m, 2H), 4.99-5.12 (m, 1H), 6.70-
8.16 (m, 15H), 8.64 (s, 1H), 9.28 (s, 1H), 11.21 (s, 1H); *°C NMR (DMSO-ds, 100 MHz): §169.4 (C-1"), 155.9 (O-
C= 0), 155.1 (C-8), 155.0 (C-1"), 149.4 (C-6"), 141.1 (C-5"), 138.9 (C-5"), 138.7 (C-12, 138.6 (C-9), 137.5 (C-
11", 137.4 (C-10, 137.0 (C-2"), 128.9 (C-4'6"), 126.4 (3',7"), 126.1 (C-10"), 126.0 (C-8"), 124.4 (C-9") 122.5 (C-
3"), 122.3 (C-7"), 121.8 (C-11"), 110.2 (C-4"), 103.7 (C-2"), 100.5 (C-12"), 70.3 (C-3), 67.0 (C-2), 66.8 (C-1"), 61.3
(C-1), 60.2 (OCHj3), 51.4 (C-2"), 33.6 (C-3"), 26.4 (C-4",5™, 6"). MS:m/z 610.0 [M+H]".

Ethyl-1-(2-(3-(9H-carbazol-4-yl-oxy)-2-hydroxypropyl)-2-(4-(pyridine-2-yl)benzyl) hydrazinyl)-3,3-dimethyl-
1-oxobutan-2-yl-carbamate (6b):

Anal. Calcd for CzsHa1NsOs: C, 69.32; H, 6.63; N, 11.23; O, 12.83 Found: C, 69.24; H, 6.58; N, 11.25; O, 12.76.
IR(KBr cm™): 3416 (NH); 3321 (OH); 1721 (C=0), 1257 (C-O-C). *H NMR (DMSO-ds 300 MHz) 60.77 (s, 9H),
1.03-1.10 (m, 3H), 2.98-3.15 (m, 2H), 3.76-3.89 (m, 1H), 3.93-4.07 (m, 2H), 4.09-4.16 (m, 4H), 4.99-5.14 (m, 1H),
6.70-7.99 (m, 15H), 8.65 (s, 1H), 9.26 (s, 1H), 11.21 (s, 1H); *C NMR (DMSO-ds, 100 MHz): 6169.3 (C-1"),
155.7 (O-C= 0), 155.1 (C-8"), 155.0 (C-1"), 149.4 (C-6"), 141.1 (C-5"), 138.9 (C-5"), 138.7 (C-12), 138.6 (C-9),
137.5 (C-11"), 137.4 (C-10"), 137.0 (C-2"), 128.9 (C-4'6"), 126.4 (3',7"), 126.1 (C-10"), 126.0 (C-8"), 124.4 (C-9")
122.5 (C-3"), 122.3 (C-7"), 121.8 (C-11"), 110.2 (C-4"), 103.7 (C-2"), 100.5 (C-12"), 70.3 (C-3), 67.1 (C-2), 66.8
(C-1Y), 64.3 (OCH,CHs), 61.3 (C-1), 51.4 (C-2"™), 33.6 (C-3"), 26.4 (C-4™, 5™, 6"™), 14.7 (OCH,CHs); MS:m/z
624.0 [M+H]".
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Tert-butyl-1-(2-(3-(9H-carbazol-4-yl-oxy)-2-hydroxypropyl)-2-(4-(pyridin-2-yl)benzyl) hydrazinyl)-3,3-
dimethyl-1-oxobutan-2-yl-carbamate (6¢):

Anal. Calcd for CasHasNsOs: C, 70.02; H, 6.96; N, 10.74; O, 12.27; Found: C, 69.97; H, 7.02; N, 10.55; O, 12.35.
IR(KBr cm): 3405 (NH); 3233 (OH); 1715 (C=0), 1667 (C=0), 1259 and 1167 (C-O-C).*H NMR (DMSO-ds, 300
MHz) 60.77 (s, 9H), 1.33 (s, 9H), 3.08-3.10 (m, 2H), 3.78-3.86 (m, 1H), 4.10-4.16 (m, 4H), 5.01-5.12 (m, 1H),
6.71-8.00 (m, 15H), 8.65 (s, 1H), 9.23 (s, 1H), 11.31 (s, 1H); C NMR (DMSO-ds, 100 MHz): 5170.1 (C-1"),
156.2(0-C= 0), 155.1 (C-8'), 155.0 (C-1"), 149.4 (C-6"), 141.1 (C-5"), 138.9 (C-5'), 138.7 (C-12), 138.6 (C-9),
137.5 (C-11'), 137.4 (C-10"), 137.0 (C-2), 128.9 (C-4'6), 126.4 (3,7, 126.1 (C-10"), 126.0 (C-8"), 124.4 (C-9")
122.5 (C-3"), 122.3 (C-7"), 121.8 (C-11"), 110.2 (C-4"), 103.7 (C-2"), 100.5 (C-12"),75.8 (O-C[CHs]s), 70.3 (C-3),
67.0 (C-2), 66.8 (C-1'), 61.3 (C-1), 51.4 (C-2"), 33.6 (C-3"), 26.4 (C-4"™, 5™, 6™), 24.7 (O-C[CHs]s); MS:m/z 652.0
[M+H]*.

Methyl-1-(2-(3-(9H-carbazol-4-yl-oxy)-2-hydroxypropyl)-2-(4-(pyridin-2-yl)benzyl)  hydrazinyl)-3-methyl-1-
oxobutan-2-yl-carbamate (7a):

Anal. Calcd for CasH37NsOs: C, 68.55; H, 6.26; N, 11.76; O, 13.43 Found: C, 68.38; H, 6.32; N, 11.65; O, 13.38.
IR(KBr cm™): 3405 (NH); 3294 (OH); 1704 (C=0), 1671(C=0), 1262 and 1099 (C-O-C). '"H NMR (DMSO-ds 300
MHz) ¢ 0.68-0.70 (m, 6H), 1.62-1.87 (m, 1H),2.97-3.10 (m, 2H), 3.49 (s, 3H), 3.76-3.89 (m, 1H), 4.06-4.12 (m,
2H), 4.21-4.49 (m, 2H), 4.92-5.12 (m, 1H), 6.68-8.16 (m, 15H), 8.65 (s, 1H), 9.22 (s, 1H), 11.20 (s, 1H); *C NMR
(DMSO-dg, 100 MHz): §170.4 (C-1"),155.9 (O-C= 0), 155.1 (C-8"), 155.0 (C-1"), 149.4 (C-6"), 141.1 (C-5"), 138.9
(C-59, 138.7 (C-12"), 138.6 (C-9"), 137.4 (C-11"), 137.1 (C-10", 136.8 (C-2"), 129.0 (C-4, 6", 126.4 (3', 7"), 126.1
(C-10M, 125.7 (C-8"), 124.4 (C-9"), 122.5 (C-3"), 122.3 (C-7"), 121.8 (C-11"), 110.2 (C-4"), 103.7 (C-2"), 100.5
(C-12"), 70.3 (C-3), 66.9 (C-2), 60.9 (C-1), 59.9 (C-1, 59.2 (OCHg), 51.3 (C-2™), 30.0 (C-3™), 18.9 (C-4™), 18.0
(C-5"); MS:m/z 596.0 [M+H]*.

Ethyl-1-(2-(3-(9H-carbazol-4-yl-oxy)-2-hydroxypropyl)-2-(4-(pyridin-2-yl)benzyl) hydrazinyl)-3-methyl-1-
oxobutan-2-yl-carbamate (7b):

Anal. Calcd for CssHssNsOs: C, 68.95; H, 6.45; N, 11.49; O, 13.12 Found: C, 69.02; H, 6.52; N, 11.35; O, 13.22.
IR(KBr cm™): 3403 (NH); 3325 (OH); 1718 (C=0), 1646 (C=0), 1261 and 1102 (C-O-C). 'H NMR (DMSO-d,
300 MHz) 6 0.61-0.68 (m, 6H), 1.06-1.11 (m, 3H),1.61-1.79 (m, 1H), 2.96-3.12 (m, 2H), 3.38-3.54 (m, 1H), 3.75-
3.86 (m, 2H), 3.95-4.10 (m, 4H), 4.98-5.16 (m, 1H), 6.68-7.99 (m, 15H), 8.66 (s, 1H), 9.20 (s, 1H), 11.21 (s, 1H);
13C NMR (DMSO-ds, 100 MHz): 6170.4 (C-1"),155.9 (O-C= 0), 155.1 (C-8'), 155.0 (C-1"), 149.4 (C-6"), 141.1
(C-5"), 138.9 (C-5", 138.7 (C-12"), 138.6 (C-9"), 137.4 (C-11, 137.1 (C-10", 136.8 (C-2"), 129.0 (C-4' 6", 126.4
(3,7, 126.1 (C-10"), 125.7 (C-8"), 124.4 (C-9"), 122.5 (C-3"), 122.3 (C-7"), 121.8 (C-11"), 110.2 (C-4"), 103.7
(C-2"), 100.5 (C-12"), 70.3 (C-3), 66.9 (C-2), 64.3 (OCH,CH3), 60.9 (C-1), 59.9 (C-1'), 51.3 (C-2"), 30.0 (C-3"),
18.9 (C-4™), 18.0 (C-5"), 14.7 (OCH2CHj3);MS: m/z 610.0 [M+H]*.

Tert-butyl-1-(2-(3-(9H-carbazol-4-yl-oxy)-2-hydroxypropyl)-2-(4-(pyridin-2-yl)benzyl) hydrazinyl)-3-methyl-
1-oxobutan-2-yl-carbamate (7c):

Anal. Calcd for Cs7H43NsOs: C, 69.68; H, 6.80; N, 10.98; O, 12.54Found: C, 69.82; H, 6.90; N, 11.02; O, 12.44. IR
(KBr cm™): 3407 (NH); 3321 (OH); 1675(C=0), 1165 and 1100 (C-O-C). *H NMR (DMSO-ds 300 MHz) 6 0.67-
0.71(m, 6H), 1.33 (s, 9H), 1.62-1.87 (m, 1H),2.97-3.10 (m, 2H), 3.46-3.72 (m, 1H), 4.06-4.36 (m, 4H), 4.92-5.12
(m, 1H), 6.68-8.00 (m, 15H), 8.65 (s, 1H), 9.20 (s, 1H), 11.21 (s, 1H); *C NMR (DMSO-ds, 100 MHz): §170.4 (C-
1",155.9 (O-C= 0), 155.1 (C-8"), 155.0 (C-1"), 149.4 (C-6"), 141.1 (C-5"), 138.9 (C-5"), 138.7 (C-12"), 138.6 (C-
9", 137.4 (C-11", 137.1 (C-10", 136.8 (C-2'), 129.0 (C-4, 6", 126.4 (3', 7, 126.1 (C-10"), 125.7 (C-8"), 124.4 (C-
9"), 122.5 (C-3"), 122.3 (C-7"), 121.8 (C-11"), 110.2 (C-4"), 103.7 (C-2"), 100.5 (C-12"), 75.8 (O-C[CHzs]s), 70.3
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(C-3), 66.9 (C-2), 60.9 (C-1), 59.9 (C-1), 51.3 (C-2"), 30.0 (C-3"), 24.7 (O-C[CHs]s), 18.9 (C-4™), 18.0 (C-5");
MS:m/z 638.0 [M+H]".

Methyl-1-(2-(3-(9H-carbazol-4-yl-oxy)-2-hydroxypropyl)-2-(4-(pyridin-2-yl)benzyl)  hydrazinyl)-4-methyl-1-
oxopentan-2-yl-carbamate (8a):

Anal. Calcd for CasHaoNsOs: C, 68.95; H, 6.45; N, 11.49; O, 13.12 Found: C, 68.99; H, 6.35; N, 11.19; O, 13.35.
IR(KBr cmt): 3390 (NH); 3256 (OH); 1722 (C=0), 1649 (C=0), 1257 and 1104 (C-O-C). ‘H NMR (DMSO-ds,
300 MHz): & 0.67-0.69 (m, 6H), 1.04-1.36 (m, 3H),3.04-3.13 (m, 2H), 3.49 (s, 3H), 3.67-3.89 (m, 1H), 4.04-4.29
(m, 4H), 4.98-5.11 (m, 1H), 6.69-8.17 (m, 15H), 8.64 (s, 1H), 9.20 (s, 1H), 11.21 (s, 1H); 3C NMR (DMSO-ds,
100 MHz): §171.4 (C-1™), 155.9 (O-C= O), 155.1 (C-8'), 149.4 (C-1"), 141.1 (C-6"), 138.9 (C-5"), 138.6 (C-5),
137.4 (C-12'), 137.1 (C-9'), 129.0 (C-11'), 126.4 (C-10"), 126.1 (C-2), 124.4 (C-4', 6'), 122.5 (3, 7'), 122.3 (C-10"),
121.8 (C-8"), 119.9 (C-9"), 118.5 (C-3"), 117.2 (C-7"), 111.7 (C-11"), 110.2 (C-4"), 103.7 (C-2"), 100.5 (C-12"),
70.3 (C-3), 66.9 (C-2), 60.8 (OCHs), 59.9 (C-1), 51.9 (C-1'), 51.3 (C-2"), 40.7 (C-3"), 23.9 (C-4"), 22.6 (C-5""),
21.6 (C-6™); MS:m/z 610.0 [M+H]".

Ethyl-1-(2-(3-(9H-carbazol-4-yl-oxy)-2-hydroxypropyl)-2-(4-(pyridin-2-yl)benzyl) hydrazinyl)-4-methyl-1-
oxopentan-2-yl-carbamate (8b):

Anal. Calcd for C3sHs1NsOs: C, 69.32; H, 6.63; N, 11.23; O, 12.83 Found: C, 68.99; H, 6.45; N, 11.19; O, 13.59.
IR (KBr cm™): 3228 (NH, OH); 1719 (C=0), 1667 (C=0), 1263 and 1103 (C-O-C). '"H NMR (DMSO-ds 300
MHz): 6 0.68-0.70 (m, 6H), 1.04-1.46 (m, 6H), 2.97-3.22 (m, 2H), 3.89-3.91 (m, 3H), 4.06-4.30 (m, 4H),5.03-5.06
(m, 1H), 6.68-8.18 (m, 15H), 8.63 (s, 1H), 9.16 (s, 1H), 11.20 (s, 1H); *C NMR (DMSO-ds, 100 MHz): 6171.4 (C-
1",155.9 (O-C= 0), 155.1 (C-8"), 149.4 (C-1"), 141.1 (C-6"), 138.9 (C-5"), 138.6 (C-5"), 137.4 (C-12"), 137.1 (C-
99, 129.0 (C-11"), 126.4 (C-10, 126.1 (C-2'), 124.4 (C-4', 6"), 122.5 (3, 7"), 122.3 (C-10"), 121.8 (C-8"), 119.9 (C-
9", 1185 (C-3"), 117.2 (C-7"), 111.7 (C-11"), 110.2 (C-4"), 103.7 (C-2"), 100.5 (C-12"), 70.3 (C-3), 66.9 (C-2),
64.3 (OCH,CHj3), 59.9 (C-1), 51.9 (C-1", 51.3 (C-2™), 40.7 (C-3"), 23.9 (C-4™), 22.6 (C-5"), 21.6 (C-6™), 14.7
(OCHCHs); MS:m/z 624.0 [M+H]*.

Tert-butyl-1-(2-(3-(9H-carbazol-4-yl-oxy)-2-hydroxypropyl)-2-(4-(pyridin-2-yl)benzyl) hydrazinyl)-4-methyl-
1-oxopentan-2-yl-carbamate (8c):

Anal. Calcd for CsgH4sNsOs: C, 70.02; H, 6.96; N, 10.74; O, 12.27 Found: C, 69.99; H, 6.55; N, 11.02; O, 12.55. IR
(KBr cm™): 3388 (NH); 3225 (OH); 1708 (C=0), 1666 (C=0), 1256 and 1169 (C-O-C). *H NMR (DMSO-ds 300
MHz): 6 0.67-0.71 (m, 6H), 1.01-1.28 (m, 3H),1.32 (s, 9H), 2.98-3.15 (m, 2H), 3.67-3.89 (m, 1H), 4.07-4.28 (m,
4H), 4.97-5.10 (m, 1H), 6.69-8.18 (m, 15H), 8.66 (s, 1H), 9.11 (s, 1H), 11.20 (s, 1H); *C NMR (DMSO-ds, 100
MHz): 6171.4 (C-1"),155.9 (O-C= 0), 155.1 (C-8"), 149.4 (C-1"), 141.1 (C-6"), 138.9 (C-5"), 138.6 (C-5, 137.4
(C-12), 137.1 (C-9), 129.0 (C-11"), 126.4 (C-10", 126.1 (C-2"), 124.4 (C-4', 6", 122.5 (3', 7"), 122.3 (C-10"), 121.8
(C-8", 119.9 (C-9"), 118.5 (C-3"), 117.2 (C-7"), 111.7 (C-11"), 110.2 (C-4"), 103.7 (C-2"), 100.5 (C-12"), 75.8 (O-
C[CHzs]3), 70.3 (C-3), 66.9 (C-2), 60.8 (OCHj3), 59.9 (C-1), 51.9 (C-1"), 51.3 (C-2™), 40.7 (C-3"), 24.7 (O-C[CHjs]3),
23.9 (C-4™), 22.6 (C-5™), 21.6 (C-6""); MS:m/z 652.0 [M+H] *.

Methyl-1-(2-(3-(9H-carbazol-4-yl-oxy)-2-hydroxypropyl)-2-(4-(pyridin-2-yl)benzyl) hydrazinyl)-1-oxopentan-
2-yl-carbamate (9a):

Anal. Calcd for CaaHa7NsOs: C, 68.55; H, 6.26; N, 11.76; O, 13.43 Found: C, 67.99; H, 6.35; N, 10.99; O, 13.09.
IR(KBr cmt): 3403 (NH); 3291 (OH); 1706 (C=0), 1669 (C=0), 1262 and 1100 (C-O-C). ‘H NMR (DMSO-ds,
300 MHz): 6 0.63-0.68 (m, 3H), 0.89-1.16 (m, 2H),1.30-1.32 (M, 2H),3.04-3.08 (m, 2H), 3.48 (s, 3H), 3.63-3.84 (m,
1H), 4.06-4.50 (m, 4H), 4.97-5.09 (m, 1H), 6.68-8.16 (m, 15H), 8.65 (s, 1H), 9.18 (5, 1H), 11.21 (s, 1H); *C NMR
(DMSO-ds, 100 MHz): 6171.0 (C-1"),155.9 (O-C= O), 155.1 (C-8'), 149.4 (C-1"), 141.1 (C-6"), 138.9 (C-5"), 138.6
(C-5), 137.4 (C-12), 137.1 (C-9"), 129.0 (C-11"), 126.4 (C-10"), 126.1 (C-2'), 124.4 (C-4', 6'), 122.5 (3, 7'), 122.3
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(C-10"), 121.8 (C-8"), 119.9 (C-9"), 1185 (C-3"), 117.2 (C-7"), 111.7 (C-11"), 110.2 (C-4"), 103.7 (C-2"), 100.5
(C-12"), 70.3 (C-3), 66.9 (C-2), 60.8 (C-1), 59.9 (C-1), 53.3 (OCHs), 51.3 (C-2), 33.9 (C-3"), 18.3 (C-4™), 13.5
(C-5"); MS: m/z 596.0 [M+H]".

Ethyl-1-(2-(3-(9H-carbazol-4-yl-oxy)-2-hydroxypropyl)-2-(4-(pyridin-2-yl)benzyl) hydrazinyl)-1-oxopentan-2-
yl-carbamate (9b):

Anal. Calcd for CasHsoNsOs: C, 68.95; H, 6.45; N, 11.49; O, 13.12 Found: C, 68.52; H, 6.18; N, 11.39; O, 13.07.
IR(KBr cm): 3402 (NH); 3288 (OH); 1670 (C=0), 1262 and 1099 (C-O-C)."H NMR (DMSO-ds, 300 MHz): §
0.60-0.66 (m, 3H), 0.84-1.46 (m, 6H),2.97-3.17 (m, 2H),3.55-3.86 (m, 1H), 3.89-4.09 (m, 2H), 4.12-4.45 (m, 4H),
4.98-5.07 (m, 1H), 6.69-8.01 (m, 15H), 8.64 (s, 1H), 9.18 (s, 1H), 11.22 (s, 1H); *C NMR (DMSO-ds, 100 MHz):
0171.0 (C-1"),155.9 (O-C= 0), 155.1 (C-8"), 149.4 (C-1"), 141.1 (C-6"), 138.9 (C-5"), 138.6 (C-5'), 137.4 (C-12),
137.1 (C-9Y), 129.0 (C-11"), 126.4 (C-10", 126.1 (C-2'), 124.4 (C-4', 6'), 1225 (3', 7"), 122.3 (C-10"), 121.8 (C-8"),
119.9 (C-9"), 118.5 (C-3"), 117.2 (C-7"), 111.7 (C-11"), 110.2 (C-4™), 103.7 (C-2"), 100.5 (C-12"), 70.3 (C-3), 66.9
(C-2), 64.3 (OCH,CH3), 60.8 (C-1%), 59.9 (C-1),51.3 (C-2"), 33.9 (C-3"), 18.3 (C-4"), 14.7 (OCH.CHs), 13.5 (C-
5™); MS:m/z 610.0 [M+H]".

Tert-butyl-1-(2-(3-(9H-carbazol-4-yl-oxy)-2-hydroxypropyl)-2-(4-(pyridin-2-yl)benzyl) hydrazinyl)-1-
oxopentan-2-ylcarbamate (9c):

Anal. Calcd for C37Ha3NsOs: C, 69.68; H, 6.80; N, 10.98; O, 12.54 Found: C, 69.99; H, 6.55; N, 11.05; O, 12.19.
IR(KBr cm): 3323 (NH); 1694 (C=0), 1164 and 1101 (C-O-C). *H NMR (DMSO-ds, 300 MHz): § 0.59-0.67 (m,
3H), 1.08-1.14 (m, 2H),1.28-1.31 (m, 2H)1.38(s, 9H), 2.97-3.08 (m, 2H), 3.63-3.84 (m, 1H), 4.06-4.50 (m, 4H),
4.97-5.08 (m, 1H), 6.71-7.98 (m, 15H), 8.64 (s, 1H), 9.09 (s, 1H), 11.20 (s, 1H); *C NMR (DMSO-ds, 100 MHz):
0171.0 (C-1"),155.9 (O-C= 0), 155.1 (C-8'), 149.4 (C-1"), 141.1 (C-6™), 138.9 (C-5"), 138.6 (C-5"), 137.4 (C-12"),
137.1 (C-9Y), 129.0 (C-11"), 126.4 (C-10", 126.1 (C-2'), 124.4 (C-4', 6'), 1225 (3', 7"), 122.3 (C-10"), 121.8 (C-8"),
119.9 (C-9"), 1185 (C-3"), 117.2 (C-7"), 111.7 (C-11"), 110.2 (C-4"), 103.7 (C-2"), 100.5 (C-12"), 75.8 (O-
C[CHzs]s), 70.3 (C-3), 66.9 (C-2), 60.8 (C-1'), 59.9 (C-1), 51.3 (C-2™), 33.9 (C-3™), 24.7 (O-C[CHzs]s), 18.3 (C-4™),
13.5 (C-5");MS: m/z 638.0 [M+H]".

Methyl-1-(2-(3-(9H-carbazol-4-yloxy)-2-hydroxypropyl)-2-(4-(pyridin-2-yl)benzyl) hydrazinyl)-1-oxo-3-
phenylpropan-2-yl-carbamate (10a):

Anal. Calcd for CssH37NsOs: C, 70.90; H, 5.79; N, 10.88; O, 12.43 Found: C, 69.99; H, 5.55; N, 10.99; O, 12.25.
IR(KBr cm™): 3408 (NH); 3280 (OH); 1720 (C=0), 1612 (C=0), 1259 and 1103 (C-O-C). 'H NMR (DMSO-d,
300 MHz) §2.50-2.73 (m, 2H),3.07-3.14 (m, 2H), 3.51 (s, 3H), 3.99-4.24 (m, 5H), 4.89-5.06 (m, 1H), 6.68-7.98 (m,
20H), 8.65 (s, 1H), 9.32 (s, 1H), 11.20 (s, 1H); *C NMR (DMSO-ds, 100 MHz): 6170.6 (C-1"),155.9(0-C= 0),
155.1 (C-8"), 155.0 (C-1"), 149.4 (C-6"), 141.1 (C-5"), 138.9 (C-5"), 138.5 (C-12), 137.8 (C-9) , 137.4 (C-11),
137.1 (C-10", 137.0 (C-2"), 129.1 (C-4™), 127.9 (C-4',6"), 126.4 (3'7"), 126.2 (5", 9"), 126.1 (C-10"), 126.0 (C-8"),
124.4 (C-9"), 1225 (C-3"), 122.3 (C-7"), 121.9 (6™, 8"), 121.8 (C-11"), 119.9 (7"), 110.2 (C-4"), 103.7 (C-2"),
100.5 (C-12"), 70.2 (C-3), 67.1 (C-2), 66.8 (C-1"), 60.9 (C-1), 59.6 (OCHs), 51.3 (C-2™), 37.5 (C-3"); MS:m/z 644.0
[M+H]".

Ethyl-1-(2-(3-(9H-carbazol-4-yl-oxy)-2-hydroxypropyl)-2-(4-(pyridin-2-yl)benzyl) hydrazinyl)-1-oxo-3-
phenylpropan-2-yl-carbamate (10b):

Anal. Calcd for CaaH39NsOs: C, 71.21; H, 5.98; N, 10.65; O, 12.16 Found: C, 70.99; H, 5.59; N, 10.95; O, 12.35.
IR(KBr cm™): 3407 (NH); 3306 (OH); 1672 (C=0), 1262 and 1099 (C-O-C). *H NMR (DMSO-ds 300 MHz): ¢
1.01-1.08 (m, 3H),2.52-2.76 (m, 2H),2.98-3.16 (m, 2H), 3.81-3.98 (m, 2H), 4.04-4.34 (m, 5H), 4.89-5.08 (m, 1H),
6.70-8.00 (m, 20H), 8.63 (s, 1H), 9.29 (s, 1H), 11.21 (s, 1H); C NMR (DMSO-ds, 100 MHz): ¢ 170.6 (C-
1",155.9(0-C= 0), 155.1 (C-8"), 155.0 (C-1"), 149.4 (C-6"), 141.1 (C-5"), 138.9 (C-5"), 138.5 (C-12'), 137.8 (C-9)
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, 137.4 (C-11'), 137.1 (C-10), 137.0 (C-2), 129.1 (C-4™), 127.9 (C-4'6"), 126.4 (3.7'), 126.2 (5", 9"), 126.1 (C-
10"), 126.0 (C-8"), 124.4 (C-9"), 122.5 (C-3"), 122.3 (C-7"), 121.9 (6", 8"), 121.8 (C-11"), 119.9 (7"), 110.2 (C-
4™, 103.7 (C-2"), 100.5 (C-12"), 70.2 (C-3), 67.1 (C-2), 66.8 (C-1), 64.3 (OCH,CHs), 60.9 (C-1), 51.3 (C-2"),
37.5 (C-3"), 14.7 (OCH,CHs); MS:m/z 658.0 [M+H]".

Tert-butyl-1-(2-(3-(9H-carbazol-4-yl-oxy)-2-hydroxypropyl)-2-(4-(pyridin-2-yl)benzyl)  hydrazinyl)-1-oxo-3-
phenylpropan-2-yl-carbamate (10c):

Anal. Calcd for C41H3NsOs: C, 71.80; H, 6.32; N, 10.21; O, 11.66 Found: C, 70.99; H, 6.55; N, 10.19; O, 11.55.
IR(KBr cm™): 3406 (NH); 3310 (OH); 1675 (C=0), 1262 and 1165 (C-O-C). *H NMR (DMSO-ds 300 MHz) &
1.29 (s, 9H),2.50-2.76 (m, 2H),3.02-3.26 (m, 2H), 3.80-4.26 (m, 5H), 4.88-5.11 (m, 1H), 6.71-8.01 (m, 20H), 8.65
(s, 1H), 9.28 (s, 1H), 11.22 (s, 1H); *C NMR (DMSO-ds, 100 MHz): §170.6 (C-1"),155.9(0-C= 0), 155.1 (C-8"),
155.0 (C-1"), 149.4 (C-6"), 141.1 (C-5"), 138.9 (C-5"), 138.5 (C-12), 137.8 (C-9) , 137.4 (C-11), 137.1 (C-10",
137.0 (C-2Y), 129.1 (C-4™), 127.9 (C-4'6"), 126.4 (3',7"), 126.2 (5", 9"), 126.1 (C-10"), 126.0 (C-8"), 124.4 (C-9"),
1225 (C-3"), 122.3 (C-7"), 121.9 (6™, 8"), 121.8 (C-11"), 119.9 (7"), 110.2 (C-4"), 103.7 (C-2"), 100.5 (C-12"),
75.8 (O-C[CH;s]s), 70.2 (C-3), 67.1 (C-2), 66.8 (C-1"), 60.9 (C-1), 51.3 (C-2"), 37.5 (C-3"), 24.7 (O-C[CHs]s);
MS: m/z 686.0 [M+H]".

Results and Discussion

To incorporate the active moiety into the atazanavir, the right side part of the atazanavir structure (Fig. 1) was
replaced with active carbazole, which results in structurally modified compounds (6a-10c) that may produce better
activity than the parent compound (Scheme 1).
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Scheme 1. Synthesis of atazanavir analogues(6a-10c)

We first focused on the synthesis of L-tert-leucine (6a-6¢) and L-valine (7a-7c¢) analogues in three steps, where the
starting compounds 1 and 2 were synthesized based on earlier literature protocolst*6:"28l, The first step involved ring
opening of compound 1 with compound 2 (Scheme 2) in presence of isopropyl alcohol as solvent at 70-75 °C
produing compound 3 in good yield (76.6 %). From the *H NMR spectra of compound 3, we identified a singlet at 6
11.21 ppm that corresponds for the proton of NH of carbazole, a multiplet at 6 3.05-3.03 ppm for two protons of —
CH;N, a singletat ¢ 4.95 ppm for -CHOH and another singlet at 6 1.33 ppm for nine protons of the BOC group. The
mass spectra of compound 3 gave the corresponding molecular ion peak [[M+H]*: 539.2], which also confirms the
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successful formation of desired compound 3. The second step was the deprotection of the BOC group, which was
carried out in a biphasic media at room temperature. Work-up of the reaction mixture was carried out using
dichloromethane to remove unreacted starting reagents and process impurities, while the product was present in the
aqueous layer as hydrochloride. pH of the aqueous layer was brought to 9.0 by addition of 10 % w/w aqueous
sodium carbonate solution. The aqueous layer was treated with methylene chloride, the organic layers were collected
and concentrated to yield compound 4 in 81.9 % isolated yield. The *H NMR spectra has a singlet at 6 3.64 ppm for
NH. group and most importantly the proton singlet at 0 1.33 ppm proved the absence of the BOC group, indicating
that the deprotection step was indeed successful. This was also confirmed by the molecular ion peak of [M+H]* at
439.2 (decrease of [M+H]*: 100 corresponds to the missing BOC group) in the mass spectra.

0 N
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O O HN - OA(\N‘NH
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N
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OH N
EDAC HCl, O
HOBT, MDC,

RT H (6a-7c)

(6a) R1= C(CH3)3, R2= CH3 (7a) R1= CH(CH3)2, R2= CH3
(6b) R1= C(CH3)3, R2= CH2CH3  (7b) R1= CH(CH3)2, R2= CH2CH3
(6c) R1= C(CH3)3, R2= C(CH3)3  (7c) R1= CH(CH3)2, R2= C(CH3)3

Scheme 2. Synthesis of L-tert-leucine (6a-6¢) and L-valine (7a-7c) analogue

The third step involved the condensation of compound 4 with different carbamate amino acids (5a-f) to
form a mono peptide bond ideally delivering compounds 6a-7c. The reaction was carried out using two coupling
agents N-hydroxybenzotriazole (HOBt) and 1-ethyl-3-(3-dimethylaminopropyl carbodiimide (EDAC.HCI) in
presence of dichloromethane (MDC) at room temperature. Compounds 6a-7c were obtained in moderate to good
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yields (Table-1). From the *H NMR spectra, the disappearance of proton singlet at § 3.64 ppm of NH; group and
appearance of a new proton singlet (i.e. of NH carbazole group) in the range of ¢ 11.20-11.21 ppm for all the
compounds (6a-7c) indicate that the reaction was successful. Apart from this, the 'H NMR for compounds 6a-6¢ has
a singlet at 6 0.77 ppm for -CHjz proton of tert-leucine and compounds 7a-7c¢ has a multiplet at 6 0.68-0.7 ppm for
methyl protons of valine. The mass spectra of compounds 6a-7c have the corresponding molecular ion peaks at
[[M+H]": 610.0 (6a); 624.0 (6b); 652.0 (6¢); 596.0 (7a); 610.0 (7b) and 638.0 (7c) respectively. Both these data
confirm the formation of the desired compounds 6a-7c.

Table 1. Reaction conditions and yields for the synthesis of compounds6a-7c

Entry Carba;nc?;i amino T(I:; ¢ Product Yield (%)
01 5a 10 6a 74.0
02 5b 9 6b 53.5
03 5¢c 9 6c 81
04 5d 8 7a 53.8
05 5e 10 7b 74.8
06 5f 8 7c 81.4

After successful synthesis of L-tert-leucine (6a-6¢) and L-valine (7a-7c) analogues, we further went on to synthesize
L-leucine (8a-8c) and L-norvaline (9a-9c) analogues as shown in scheme 3. Under similar reaction conditions,
condensation of compound 4 with different carbamate amino acids (5g-1) in the presence of coupling agents (HOBt
and EDAC.HCI) in methylene chloride at room temperature gave compounds 8a-9c (Scheme 3) in good yields
(Table 2). The presence of carbazole moiety in compounds 8a-9¢c was confirmed by *H NMR spectra with the
appearance of a singlet peak in the range at § 11.20-11.21 ppm. Apart from this, the *H NMR of compound 8a-8¢c
has a multiplet at 6 0.68-0.71 ppm for methyl protons of leucine. Further, *H NMR spectrum of compound 8a has a
singlet at ¢ 3.49 ppm for the methoxy proton; compound 8b has a multiplet at 6 1.04-1.09 ppm for the methyl
protons and another multiplet at ¢ 4.07 ppm for OCH; protons and compound 8c has a singlet peak at 6 1.32 ppm for
C(CHs)3 protons. In case of *H NMR of compound 9a-9c, we identified one multiplet at § 0.68 ppm and another
multiplet at 6 0.84-1.16 ppm for methyl protons of L-norvaline. Further *H NMR of compound 9a has a singlet peak
at 6 3.48 ppm for the methoxy proton; compound 9b has a multiplet at § 1.10 ppm for methylprotons and another
multiplet at 6 4.01 for OCH, protons and 9c has a singlet peak at 6 1.38 ppm for C(CHs)s protons. The mass spectra
of compound 8a-9c were found to contain the molecular ion peaks at [[M+H] *: 610.0 (8a); 624.0 (8b); 652.0 (8¢);
596.0 (9a); 610.0 (9b) and 638.0 (9c) respectively. Both *H NMR and MS data indicate the successful formation of
the desired analogues.
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(8a) R1= CH(CH3)2, R2= CH3
(8b) R1= CH(CH3)2, R2= CH2CH3
(8c) R1= CH(CH3)2, R2= C(CH3)

(9a) R1=CH2CH3, R2=CH3
(9b) R1=CH2CH3, R2=CH2CH3
(9c) R1=CH2CH3, R2=C(CH3)3

Scheme 3. Synthesis ofL-leucine (8a-8c) and L-norvaline (9a-9c) analogue

Table 2. Reaction conditions and yields for the synthesis of compounds 8a-9¢

Entry acna:;’::i:;l;i T(I:; ¢ Product \Eciﬁol )d
01 50 9 8a 79.1
02 5h 10 8b 775
03 5i 8 8c 79
04 5j 9 9a 43.8
05 5k 10 9b 72.7
06 51 9 9c 64.1

Under similar reaction conditions (Scheme 4) as described above, we finally worked on the synthesis of D-phenyl
alanine analogs (10a-c), which resulted in the desired compounds in good yields (Table 3). The *H NMR spectra of
compounds 10a-10c has a singlet peak in the range at 6 11.20-11.21 ppm for NH of carbazole like other compounds
along with a multiplet at 6 2.52-2.76 ppm for the two protons of CH,Ph. The *H NMR of compound 10a has a
singlet peak at 6 3.51 ppm for the methoxy proton; compound 10b showed a multiplet peak in the range of § 1.01-
1.08 ppm for methyl protons and another multiplet at 6 3.81-3.98 ppm for OCH; protons and compound 10c has a
singlet at 0 1.29 ppm for C(CHs)s protons. The mass spectra of compound 10a, 10b and 10c gave the corresponding
molecular ion peaks at [M+H]*: 644.0; 658.0 and 686.0 respectively.
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(10a) R1= CH3
(10b) R1= CH2CH3
(10c) R1= C(CH3)3

Scheme 4. Synthesis of D-phenyl alanine (10a-10c) analogs

Table 3. Reaction conditions and yields forcompounds10a-10c

Entry Carba?:il;z amino T(':; ¢ Product Yield (%)
01 5m 10 10a 75.5
02 5n 9 10b 81.4
03 50 10 10c 46.6

Conclusion:

In this study, we have successfully modified the structure of atazanavir with active carbazole moieties and obtained
new series of atazanavir analogues 6a-10c in good yields. Currently, further work is in progress to study the anti-
HIV activity of these new series of compound 6a-10c.
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