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ABSTRACT

This paper describes the synthesis of deuterium-labelled chlorogiune, hydroxychloroquine and their metabolites.
Mass spectrometry analysis of these compounds revealed over 98% deuterium enrichment.

Keywords. deuterium-labelled; chloroquine; hydroxychlorogiimetabolite; synthesis

INTRODUCTION

The popularity of chloroquine and hydroxychloroquifor malaria treatment in many Third World coussri
emanates from it being cheap, widely availablegtiegly well tolerated, and having a rapid onsetdfion [1-4].
Besides being active against malaria, they are useetteat rheumatoid arthritis [5-8hd cutaneous lupus
erythematosus (LE) and rashes associated withreicstepus erythematosus (SLHY-8]. They are also used in
some photosensitivity disorders and occasionallyother inflammatory skin conditions [9-10]. In atigin,
chloroquine and hydroxychloroquine are two inexpansgents that have been shown to achieve sonet dév
anti-HIV activity [11]. Metabolism studies revealetthat chloroquine and hydroxychloroquine are mainly
metabolized to the still active metabolite deseathigroquine and desethylhydroxychloroquine respetbtifirstly
and then convert to the same metabolite bisdes#tloybquine, as shown in Figure 1 [12-13]. Althout& *‘C
chloroquine and hydroxychloroquine have been pegpbdor pharmacological studies, the synthesis eir thtable
labeled internal standard has not been describetétimils. In this paper, the synthetic route %4,] chloroquine,
[Hg] hydroxychloroquine and their metabolites werectiegd in detail.

EXPERIMENTAL SECTION

General

All reagents were obtained from Sigma-Aldrich anBNCIsotope. Mass spectra were recorded using at@uat
micro APl mass spectrometefdt NMR spectra were recorded on a Bruker 300 MHzrimsent (Bruker
Corporation, Germany). Chemical purities were dabeed by an Agilent 1200 HPLC with a XDB-C18 coluni
um, 4.6 mmx150 mm (Agilent, USA).

Synthesis of (Z)-5-hydroxypentan-2-one oxime (2)

A mixture of 5-hydroxypenta-2-one (1) (80 g, 0.78lyrand hydroxylamine (65 g, 0.94 mol) in water @&4L) was
added KOH (37 g, 0.67 mol) slowly under ice/watathb The reaction solution was stirred for 8 h @m
temperature under NThe reaction solution was cooled to 0 °C andife@ito pH 8 by adding conc. HCI. The
solution was extracted by EtOAc (200 mLx8). The amig layers were combined, dried by ,86), and

396



JianLietal J. Chem. Pharm. Res,, 2013, 5(10):396-401

concentrated under reduced pressure to give @)ight yellow oil (41.36 g, 90%).
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Figure 1. The metabalite routes of chloroquine and hydroxychloroquine

Synthesis of 4-aminopentan-1-ol (3)

A slurry of (2) (15 g, 0.13 mol) and Raney Ni (5ig)MeOH (60 mL) was placed in a stainless steesgure vessel,
which was pressurized to 0.8 Mpa with ¢s. The reaction was mechanically stirred forat 85 °C. The mixture
was cooled to room temperature. The Raney Ni wamved by filtration through celite, and the solidswinsed
with MeOH (25 mLx3). The combined filtrates werencentrated to dryness to give (3) as a little ldil€13.1 g,
98%).

'H NMR (300 MHz, CDCJ): §3.66 (t, 2H, J= 7.1 Hz), 2.89 (m, 1H), 2.81 (bri)),31.69 (m, 3H), 1.35 (m, 1H),
1.12 (d, 3H, J=6.8 Hz).

Synthesis of 4-(7-chloroquinolin-4-ylamino)pentan-1-ol (4)

To a solution of compound (3) (27 g, 0.262 mol) apdr-dichloroquinoline (25.9 g, 0.131 mol) wagrstl at
140 °C for 5 h. The reaction mixture was cooledl@®°C, poured into water (100 mL) and stirred tduice
crystallization. The resulting solid was collectadfiltering and rinsed thoroughly with water (5Q.r8). The crude
product was recrystallized from methanol/ethanalite (4) as colorless solid (16.8 g, 48.41%).

'H NMR (DMSO, 300 Hz)5 8.36 (d, 1H, J=7.5 Hz), 8.34 (d, 1H, J= 1.5 HzJ57(d, 1H, J= 7.5 Hz), 7.40(d, 1H,
J=7.5Hz), 6.93 (d, 1H, J=7.5 Hz), 6.42 (d, 1H,.543z), 4.56 (brs, 1H), 1.45-1.85 (m, 4H), 1.1Bf, J=6.8 Hz).

Synthesis of N-(5-bromopentan-2-yl)-7-chloroquinolin-4-amine hydrobromide (5)

To a solution of 48% hydrobromic acid (45.5 mL) wadded conc. 60, (9.7 mL). Compound (4) (13 g, 49.1
mmol) was dissolved in the acid solution, and tbeutting solution heated to 105°C as rapidly assiptes The
mixture was stirred continuously for 15 min. Théuson was cooled to room temperature and dilutdtth water
(50 mL). The solution was extracted with &, (50 mLx6). The combined organic layer was driedrdMaSO,
and concentrated under reduced pressure to givas(&)grey solid (16.5 g, 82.3%).

'H NMR (DMSO, 300 Hz)3 1.19 (3H, t, J= 6.8 Hz), 1.43-1.68 (4H, m), 1.485L(4H, m), 3.42 (2H, t, J=7.1 Hz),
4.56 (1H, brs), 6.42 (1H, br d, J= 5.4 Hz), 6.98(d,), 7.40(1H, d), 7.76 (1H, d), 8.52 (2H, dd),
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Synthesis of N*-(7-chloroquinolin-4-yl)-N*-ethyl pentane-1, 4-diamine (6)

To a solution of (5) (11g, 26.92 mmol) in metha(i®0 mL) was added ethylamine solution (70%, 11Q omder
ice/water bath. The solution was stirred for 8 moatm temperature. TLC showed little starting materemained.
The solution was co-evaporated with ethanol (156&8)lto afford a yellow solid. The solid was purdiey column
chromatography on silica gel column, eluted with,CHsaturated methanol ammonia (10: 0.3) to affordan
silver gray solid (3.62 g, 46.07%).

Synthesis of [*H<] chloroquine diphosphate (7)

To a suspension of (6) (1.8 g, 6.17 mmol) an€®; (0.85 g, 6.17 mmol) in dry DMF (18 mL) was addéds]
ethyl iodide slowly. The reaction solution was r&tit for 8 h at room temperature. The mixture waisteti with
water (150 mL) under water/ice bath and extractétt @tOAc (100 mLx9). The combined organic layersrev
evaporated to dryness to afford a colorless liquiite crude product was purified by column chrometphy on
silica gel column, eluted with G&l,/ saturated methanol ammonia (10: 0.7) to affosiheer gray solid (3.62 g,
46.07%). The solid (0.5 g, 1.54 mmol) was dissoliwedry ethanol (4 mL) and heated under reflux. Bbhution
was adjusted to pH 5 by addingR®0, (0.36 g, 85%). The mixture was stirred continugdsl 3 h. The resulting
solid was collected by filtering, and compound (@) obtained as a white solid (0.651g, 81.2%).

'H NMR (DMS0)$ 8.38 (dd, 2H, J= 7.5, 7.5 Hz), 7.74 (d, 1H, J422), 7.42(d, 1H, J=9.0 Hz), 7.02 (d, 1H, J=7.5
Hz), 6.50 (brd, 1H, J= 5.4 Hz), 2.35-2.75 (m, 5H}%5-1.85 (m, 4H), 1.22 (d, 3H, J= 6.3 Hz), 1.023f, J= 6.9
Hz). MS-El, (m/z): 325.2 (100), 326.2 (22), 327.26), 328.2 (8). HPLC (XDB-C18, wavelength= 240 nm,
CH30OH/10mmol/L KHPO,=83/17, 1.0 mL/min):¢ 6.79 min (98.7%). Isotopic enrichment determingd\s was
over 98%.

Synthesis of [*H,] 2-(ethylamino)ethanol (9)

To a stirred solution of?H,]2-bromoethanol (8) (2 g, 15.51 mmol), gEH,NH, (5.59 g, 124.04 mmol) in
EtOH/H,O (25 mL) was heated at 85°C for 8 h. The soluti@s cooled by ice/water bath and acidified by conc.
HCI to pH 2. The mixture was co-evaporated by Et@Hemove water out. White solid and oily solutimas
appeared. N&0O; solid (15 g) and ether (100 mL) were added totgmiuto adjust pH=10. The organic layer was
separated, and the aqueous layer was extracted ethitr (100 mLx5). The combined organic phases were
concentrated under reduced pressure to give (@)xatorless liquid (1.44 g, 28.1%).

Synthesis of [*H,] hydroxychloroquine sulfate (10)

A mixture of compound (5) (0.85 g, 2.59 mmol) arnpound (9) (0.97 g, 10.38 mol) was stirred fora¥slat
room temperature under sealing. TLC showed noisgamaterial remained. The mixture was diluted withter (6
mL) and basified with N&O; solid to pH 9. The aqueous solution was extragtgld CH,Cl, (100 mLx5). The
combined organic layers were concentrated undencestl pressure to give yellow oil. The crude produes
purified by column chromatography on silica geluoh, eluted with CKCl,/MeOH (10: 0.2) to afford a colorless
solid (0.6 g, 68.1%). The solid (0.45 g, 1.13 mnvad)s dissolved in dry ethanol (8 mL) under an icewrbath, and
the solution was acidified by alcoholic solutionsodfuric acid (3 mL, 0.7 mL conc.,80, in 28 mL ethanol) to pH
5. The mixture was stirred for 3 hours. The renglfprecipitate was filtered, and the compound (#83 obtained as
a white solid (0.47g, 83.2%).

H NMR (D,0, 300 Hz):5 8.17 (d, 1H, J=7.5 Hz), 8.12 (d, 1H), 7.76 (d, 1HB3(d, 1H, ), 6.73 (br d, 1H, J= 5.4
Hz), 4.02 (brs, 1H), 3.52 (m, 1H), 3.13 (m, 1H}¥8-1.85 (m, 4H), 1.43-1.68 (m, 3H), 1.14 (t, 3H,618 Hz), 1.04
(t, 1H, J= 5.8 Hz). MS-El (m/z): 170.7 (100), 17X3%), 340 (68), 341.2 (16), 342.2 (24). HPLC (XDBS,
wavelength= 240 nm, G@H/10mmol/L CHCOONH,+0.03% TEA=62/38, 1.0 mL/min)xt8.95 min (98.5%).
Isotopic enrichment determined by MS was over 98%.

Synthesis of N*-(7-chloroquinolin-4-yl)pentane-1, 4-diamine (11)

A solution of (5) (21.00 g, 51.4 mmol) in methawadimmonia (210 mL) was stirred at room temperatore h.
The solution was evaporated to dryness to givelsdhe solid was purified by column chromatograpiysilica
gel column, eluted with C}l,/saturated methanol ammonia (10:1) to afford (14)aacolorless solid (6.21 g,
45.8%).

Synthesis of [?Hs] N-(4-(7-chloroquinolin-4-ylamino)-pentyl)acetamide (13)

To a solution of (11) (1.2 g, 4.55 mmol) andNE{0.92, 9.1 mmol) in CkCl, was added®H3] acetyl chloride (13)
(0.445 g, 5.46 mmol) slowly for 30 min. The reantisolution was stirred for 30 min at room tempa&tdhe
solution was cooled by an ice/water bath, basibgdsaturated NaHCsolution and extracted with GEI, (50
mLx5). The organic layers were combined and comatad under reduced pressure to give a white sblid.solid
was purified by column chromatography on silicagalumn, eluted with CkCl,/saturated methanol ammonia (10:
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0.5) to afford (13) as a white solid (1.34 g, 95)3%

Synthesis of [?Hs] desethylchloroquine (14)

To a suspension of (13) (0.96g, 3.11 mmol) and DiAJ0.261 g, 6.22 mmol) in THF (9.6 mL) was refluXed 1 h.
The reaction solution was cooled to room tempeeatund diluted with water (50 mL). The solution veadracted
with EtOAc (60 mLx4), and the combined organic Isyeiere concentrated under reduced to give a ligui
crude product was purified by chromatography oniliaasgel column and then eluted with gH,/saturated
methanol ammonia (10:1) to afford (14) as a whitédg0.62 g, 67.1%).

'"H NMR (DMSO, 300 Hz) 9.11 (2H, d, J=8.4 Hz), 8.83 (1H, d, J=9.3 Hz%42[1H, d, J=6.9 Hz), 8.05 (1H, d,
J=1.8 Hz), 7.75 (1H, d, J= 9.0 Hz), 6.94 (1H, d,7JJ2Hz),4.11(1H, brd), 2.84 (2H, m), 1.88(1H, mB8 (3H, m),
1.29 (3H, d, J= 6.3 Hz). MS-EI, (m/z): 296.2 (2837.2 (100), 298.2 (38), 299.2 (26), 300.2 (9). BRXDB-C18,
wavelength= 240 nm, G@H/10mmol/L K,kHPO,=75/25, 1.0 mL/min):4=6.79 min (99.2%). Isotopic enrichment
determined by MS was over 98%.

Synthesis of [?H,] desethylhydroxychloroquine (15)

To a stirred solution of (11) (5 g, 18.95 mmol) dfid,] 2-bromoethanol (1.22 g, 9.47 mmol) in methan@(L)
was under ice/water bath. The solution was stifoed h at room temperature. TLC showed little tatgr material
remained. The solution was co-evaporated with eth@b0 mLx3) to give yellow solid. The solid wasrjfied by
column chromatography on silica gel column, elutgithh CH,CI,/ saturated methanol ammonia (10: 0.3) to afford
(15) as a silver gray solid (1.36 g, 46.1%).

'H NMR (CDCl, 300 Hz)s 8.48 (1H, d, J=5.4 Hz), 7.92 (1H, d, J=2.1 Hz),07(1H, d, J=9.0 Hz), 7.32 (1H, d,
J=2.1 Hz), 7.29 (1H, d, J= 2.4 Hz), 6.38 (1H, d5J)Hz), 5.41 (1H, brd), 3.70(1H, m), 2.74 (2H, MB8(2H, M),
1.68 (2H, m), 1.29 (3H, d, J= 6.3 Hz). MS-EIl, (m/3)11.8 (100), 312.8 (43), 313.8 (16), 314.8 (6RLE
(XDB-C18, wavelength= 240 nm, GBBH/10mmol/L K,HPQ,=65/35, 1.0 mL/min):4=8.67 min (99.9%). Isotopic
enrichment determined by MS was over 98%.

RESULTSAND DISCUSSION

Although chloroquine, hydroxychloroquine and degkethioroquine have been readily prepared via sévera
synthetic routes [15-22], the synthesis tg] chloroquine, fH,] hydroxychloroquine, ?Hs] desethylchloroquine
and their metabolites have not been described qusli. Scheme 1 presents the general syntheticreeHer
preparing fHs] chloroquine. 5-hydroxypenta-2-one (1) was coneddnsith hydroxylamine hydroxychloride in the
presence of KOH to yield (Z)-5-hydroxypentan-2-amdéme (2). Hydrogenolysis of compound (2) with Rane
nickel and hydrogen (0.8 Mpa) afforded 4-aminope+itaol (3). Nucleophilic substitution of the chloei atom in 4,
7-dichloroquinoline with 4-aminopentan-1-ol (3)1a0 °C produced 4-(7-chloroquinolin-4-ylamino)pemtaol (4)
[23]. Compound (4) was brominated by 48% HBr in firesence of condd,SO, was afford the bromoquine
derivative (5), which was alkylated with 70% ethylae solution to give diamine (6). The diamine W&s further
alkylated with fHs] ethyl iodide in presence of KOs to give fHs] chloroquine. After purification of the free base
by column chromatographyHs] chloroquine diphosphate (7) was prepared.

Scheme 2 presents the general synthetic schengdparing fH,] hydroxychloroquine.?H,] 2-bromoethanol (8)
was alkylated with 70% ethylamine solution to gi7kl,] 2-(ethylamino)ethanol (95 which was treated with
bromoquine derivative (5) to giveé’Hs hydroxychloroquine. After purification of the frebase by column
chromatography?H,] hydroxychloroquine sulfate (10) was prepared.

Scheme 3 presents the general synthetic schempréparing fHs] desethylchloroquine. The ammoniation of
compound (5) in saturated methanol ammonia solutioa sealed tube afforded the diamine (11). Aayfabf
compound (11) was carried out wiftHf] acetyl chloride (12) in dry C}l, in presence of BN to give fH3] amide
(13), which was reduced by LiAlao give fHs] desethylchloroquine (14).

Scheme 4 presents the general synthetic schenpeedparing fH,] desethylhydroxychloroquine (15). The diamine
(11) was alkylated with’H,] 2-bromoethanol (8) to givéHl,] desethylhydroxychloroquine (15).
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11 15
Scheme 4 Synthesis of [?H,] desethylhydroxychloroquine

HPLC results showed thaHs] chloroquine (7),3H.] hydroxychloroquine (10).?Hs] desethylchloroquine (14) and
[H,] desethylhydroxychloroquine (15) were obtainechvater 98% chemical purity. Mass spectrometry asislgf
compound (7), compound (10), compound (14) and camg (15) revealed over 98% deuterium enrichment.

CONCLUSION

The present study describes the synthesis of demtdabelled chlorogiune, hydroxychloroquine anckith
metabolites. Mass spectrometry analysis of thesapoonds revealed over 98% deuterium enrichment. The
compounds can be used as internal standards irbatista studie.
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