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Development of the Efficient Synthetic Route for Itraconazole Antifungal Agent
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In this study, the efficient large-scale synthetic route for itraconazole, triazole antifungal agent, was developed. The origi-
nal synthetic route for medicinal chemistry reported by Janssen Pharmaceutica was linear (14 linear steps) starting from
2,4-dichloroacetophenone with the total yield of 1.4%, and potential hazardous materials such as methanesulfonyl chloride
(CH3;SOCl), hydrogen gas, and sodium hydride (NaH) were used. Furthermore, the expensive 1-acetyl-4-(4-hydrox-
yphenyl)piperazine and palladium were used in this medicinal chemistry route, thus the manufacturing cost would be prac-
tically high. In order to improve the commercial route, we developed the process of 12 step convergent synthesis combin-
ing two intermediates which are roughly halves of itraconazole with the total yield of 12.0%, and hazardous materials
and expensive reagents were excluded in this process, thus the manufacturing cost could be cut down to a great extent.
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o] Eg}F = (itraconazole, 1) azoleAl FRFAIZA 2712] AA
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FH7.8]. °lF s Awshd EEAQ] 2 4-dichloroacetophenone
(DS glycerol¥} HFS-AIA ketalS A3l ©]ZAS bromine¥}He] Hb
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piperazine@} WHSAIA FIHA 45 FAISIATE o] FFE2Q acetyl
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p-chloronitrobenzene®} AZFA|7| 3L nitro groupe A7 |A/ 22
AE3l] amino group o2 FYUA|A aniline =4 55 FAISIA
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4.1. Al2F & 717

Alofat Bl 15 ool AlRS AAIHA aa ARgSFTh
Thin-layer chromatography (TLC)= Merck silica gel 60 F-254 Z &
212H0.25 mm)S ARSI e A, 2 @ = phosphomolybdic acid
2 3Aske] B2kt §4L Thomas-Hoover EAE §3 =37)
2 F339n BASA 4skth 'H NMR 2HEZL Bruker
AMX-R300 Spectrometer (300 MHz)o| 4] CDCl; == DMSO-de S &
]2 ARS-3te] 243190, chemical shift= & HEZA ppmoE
E71SRL YA O3 2ol GAR F718HAT: s, singlet; d,

doublet; t, triplet; g, quartet; m, multiplet; bs, broad singlet.
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Scheme 1. Medicinal chemistry route to itraconazole.
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Scheme 2. Strategic convergent synthesis of itraconazole.

4.2. SZH| ne| &Y
cis-2-(Bromomethyl)-2-(2,4-dichlorophenyl)-4-((4-nitrophenoxy)
methyl)-1,3-dioxolane (7) - 2,4-Dichloroacetophenone 189 g (1.00
mol)@}  1-(4-nitrophenoxy)-2,3-propanediol 235 g (1.10 mmol)<
benzene 1.0 L2} 1-butanol 0.5 Le] E38ufjo] =0]3l p-toluenesul-
fonic acid monohydrate 6 g2 7}3F T3 Dean-Stark XA 24 h
sruntate] AR E& AASATE o|EFE ALE =9 &
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SN W
o 0 0
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o O OO
A \—

40 T2 Y73t o2 bromlne 192
g (120 moly& 2 holl 2 HAS}T 30 minZt T wHkE 3 739k
S35t 4oJF FAFS methylene chloride 1.0 Loll 9] 6 N
NaOH 489 0.5 LZ A28 U 74 MgS0.2 AF3k3 thA
Aot 2dde] AHES AUk °] &S methanol ol A
aRkste]l 3AFAIZ] T ethanolol A 7 W A|AASI £4g
AQE 329 g (78 T1%)S BTk
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Scheme 3. Commercial route development of itraconazole.
cis-2-((1H-1,2,4-Triazol-1-yl)methyl)-2-(2,4-dichlorophenyl)-4-((4-
aminophenoxy)methyl)-1,3-dioxolane (II) - oA Ao FFE 7

329 g (0.710 mol)®ll benzene 1.0 L9} F3IIEE 10% (wh) &
A 1.0 LE ¥ ws U E B2 230 g (4.12 mol)S ¥l 6

h BFawsidch Aoz Wiy o3d g qdARFES
methylene chloride 1.0 LZ AH&Att ozl F B85 23t
o] methylene chloride 0.5 L2 &3 tg #7]15& 47 o3t

o #7153 st AAFHRIL 47100 hexane 0.7 LE 75t
I wikslth 8" 2RSSt a7 AHE 2712 g (FF
& 89%)S AT} Potassium t-butoxide 213 g (1.90 mol)S DMF
2.0 Lol =<1 & triazole 130 g (1.88 mol)S 7}8}aL 30~40 CollA
30 minZt wWHESFGTE flolA QX cis-2-(bromomethyl)-2-(2,4-
dichlorophenyl)-4-((4-aminophenoxy)methyl)-1,3-dioxolane 272 g
(0.628 mol)S YW1 5 h FFwHE F ooz WAL &
2.0 LE ¥o] H3 U3 methylene chloride 2.0 LZ F&3}1 22
20 LA F H AFAtk 77155 % 130 g 718kal 3 h
wRES the oFEta QdS EE3tth Isopropyl alcohol
1.0 LE 7I8kal 3 h wRksld A Z2AS A7slar isopropyl
alcohol 2 AH3}l 204 g (575 77%)2) AAES AUk &4 126
~1275 C.
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4.3. 7 me| &y

N,N-Bis(2-hydroxyethyl)-p-phenylenediamine (9) - Diethanolamine
320 g (3.04 mol)@} 1-chloro-4-nitrobenzene 320 g (2.03 mol)2- DMSO
4.0 L9} acetone 1.0 Lo E-gulol] Folx 3UzF SFunlst ohe
Aeo g Wrkslydth 74 5.0 Lol vhe-Edtls R 4" A4
< Fste] WY o oRede Ager ESA)FIAL methylene
chlorideZ 3.0 L# 73] =30tk F294E5 $53 o 75 3.0
L9} hexane/ethyl acetate (2:1) &g 1.5 LE Y31 wishH Aol
A== o] RS AT hexane 2 A3 U2 7AZ31H 346 g
(& 75%)9] N,N-bis(2-hydroxyethyl)-p-nitroaniline®] AoH T} o]
AAE 346 g (1.53 mol)oll benzene 3.0 L9} F3UEH 10% (wiv) &=
€4 3.0 LT 93 wHkgk o E 29 500 g (8.95 mol)S ¥l 3
h SFuRkslth deog Wasia 33 os A3 F E55
F2)3}e] ethyl acetate 2.0 LE FZ3}3 Z 1.0 LE RFAtk #7]
& 5 §3lo] 234 1.0 L2 Aol T4 MgSO.2 Ax3S o
+ APt &HiE S RO 293 e AEE 2609 g (7
£ 90%)°] LofFlh

N-(4-(Bis(2-hydroxyethyl)amino)phenyl)hydrazinecarboxamide (10) -
HellA Dol FFHE- 9 269 g (1.37 mol)@} pyridine 112 mL (109.5
g, 1.385 mol)E chloroform 4.0 Lol =o]31 wHFSIHA] phenyl chlor-



olEtIUE FrlatAle]l axtAql S N 637

oformate 173 mL (216 g, 1.38 mol)Z HH3] Hr}stth ALojA
2 h WYt ¥ methylene chloride 2.0 LE 7}l &2 2.0 LY F ¥
AoFAT F715S 4 MgSO.2 Axsta 343 o s
A58 416 g (58 96%)2] phenyl N-(4-(bis(2-hydroxyethyl)
amino)phenyl)carbamate7]- AojH ) o] HAHE 416 g (1.315 mol) &}
hydrazine monohydrate 300 mL (310 g, 6.18 mol)E DMF 3.0 Lol =
o]a1 oA 1.5 h WHISFI T, ethyl acetate 3.0 LE 78lal B2
20 LA F H AAE F F715S 75 MgSO.E Hxsta o3¢
o 8E AEEshd 298] AAEC] Folxth 7] hex-
ane/ethyl acetate (2:1) 3 3.0 LE Y3 wylkshd AAo] A=
o) o]AE 4279 hexane L2 M A3} A3 TS 1-butanolo| A A
BATE 234 g (& 70%)2] AAEC] Fojxith

4-(4-(Bis(2-hydroxyethyl)amino) phenyl)-2-sec-butyl-2 H-1,2 ,4-tri-
azol-3(4H)-one (11) - $]ollA Loi7 315HE 10 234 g (0.920 mol)
formamidine acetate 380 g (3.65 mol)< 1-butanol 3.0 Lol 7}3}3L 100
TollA 2 h wHker tg Aoz Wzkstt). ethyl acetate 3.0 LE
7¥elal B2 3.0 LY F ¥ AolE F 7155 754 MgSO.2 31x3}
I QA3 the e AAEEIAE 198 g (78 82%)] AFEC]
doRith o] AAE 198 g (0.749 mol)F} potassium hydroxide (85%)
F% 100 g (1.51 mol), 2-bromobutane 320 mL (402 g, 2.93 mol)&
DMSO 3.0 Lol =0]3 2-&ol 2 h wHH3FI ). ethyl acetate 5.0 L
E 7kt B2 3.0 LY F W AoE F 17155 7 MgSO.E A
Z3laL IRt v SviE AFESeh 192 g (78 80%)9] A=
o] fojxth

4-(4-(Bis(2-bromoethyl)amino)phenyl)-2-sec-butyl-2H-1,2,4-
triazol-3(4H)-one (1) - 2]olA] Loix 3}3HE 11 192 g (0.430 mol)S
1.2 L] chloroform®] =9©]3L phosphorus tribromide 80 mL (230 g,
0.851 mol)E 3] A71gk v 4 h SHFuyteldnk Ao Wzt
3k U2 B2 234 #1718 Eol3)= phosphorus tribromide S 3}
Al7]13L sodium bicarbonate 2 FSAIZTE EZ 1.2 LA Al ¥ HojE
F 7155 79 MgSO.E Ax31al Q4 vy §lE Aygs5st
et dojx AAJEol hexane/ethyl acetate (3:1) &3] 2.0 LE 7135}
o mHEPE 125 g (8 65%) AAEC] dojithk 'H NMR
(CDCl3) 6 0.80 (t, 3H), 1.30 (d, 3H), 1.64 (m, 1H), 1.77 (m, 1H), 3.54
(t, 4H), 3.64 (t, 4H), 4.20 (m, 1H), 6.65 (d, 2H), 7.30 (d, 2H), 7.50
(s, 1H).

4.4. Z2H net 2| me| ZAgloll 28t o|ERIALE (2l &y

ZZHA 1 [cis-2-((1H-1,2,4-Triazol-1-yl)methyl)-2-(2,4-dichlorophen-
yl)-4-((4-aminophenoxy)methyl)-1,3-dioxolane] 118 g (0.280 mol)¥} 3
ZHA| T [4-(4-(Bis(2-bromoethyl)amino)phenyl)-2-sec-butyl-2H-1,2, 4-tria-
zol-3(4H)-one] 125 g (0.280 mol), potassium iodide 14 g (0.084 mol)
< acetone 0.5 L9} & 0.5 L] EFErjoll Zo]1 24 h FFHAIZ
ok Ao g YWAsty o7g thy o#H-S sodium bicarbonateE
%3}4]7]L methylene chloride 2.0 LE F&3 & 47122 52 1.0

LA = W AFAT f715S 55 MgS0.2 113kl o33k o

= 7PsEsld 122 g (78 62%)9) o|EgtzuEoe] dojx
k84 162 ~ 164 C ; 'H NMR (CDCL) & 091 (t, 3H, J = 7.2
Hz), 1.40 (d, 3H, J = 6.7 Hz), 1.73 (m, 1H), 1.86 (m, 1H), 3.26 (m,
4H), 3.40 (m, 4H), 3.50 (m, 1H), 3.65 (s, 2H), 3.81 (m, 2H), 3.92 (m,
1H), 429 (m, 1H), 437 (m, 1H), 6.82 (d, 2H, J = 9.0 Hz), 6.94 (d,
2H, J = 9.2 Hz), 7.04 (d, 2H, J = 9.2 Hz), 7.44 (d, 2H, J = 8.9 Hz),
748 (d, 1H, J = 2.1 Hz), 7.58 (d, 1H, J = 8.5 Hz), 7.62 (s, 1H), 7.90
(s, 1H), 821 (s, 1H).

ila}

.

O
rot

1. FDA Approval based on NDA No. 020083, Sporanox, ™ Janssen
Pharma, September 11 (1992).

2. E. M. Bailey, D. J. Krakovsky, and M. J. Rybak, The Triazole
Antifungal Agents: A Review of Itraconazole and Fluconazole.
Pharmacotherapy, 10, 146 (1990).

3. M. Haria, H. M. Bryson, and K. L. Goa, Itraconazole. A
Reappraisal of its Pharmacological Properties and Therapeutic Use
in the Management of Superficial Fungal Infections. Drugs, 51, 586
(1996).

4. D. J. Sheehan, C. A. Hitchcock, and C. M. Sibley, Current and
Emerging Azole Antifungal Agents. Clinical Microbiol. Rev., 12, 40
(1999).

5. Y. Koltin and C. A. Hitchcock. Progress in the Search for New
Triazole Antifungal Agents. Curr. Opin. Chem. Biol., 1, 176 (1997).

6. A7 RFAAH7H, EDI F7H Fo] (2005).

7. J. Heeres and L. J. J. Backx (Janssen Pharmaceutica N. V.),
Heterocyclic derivatives of (4-phenylpiperazin-1-yl-aryloymethyl-1,
3-dioxolan-2-yl)methyl-1H-imidazoles and 1H-1,2,4-triazoles, U. S.
Patent 4,267,179 (1979).

8. (a) J. Heeres, L. J. J. Backx, J. H. Mostmans, and J. Van Cutsem,
Antimycotic Imidazoles. Part 4. Synthesis and Antifungal Activity
of Ketoconazole, a New Potent Orally Active Broad-Spectrum
Antifungal Agent. J. Med. Chem., 22, 1003 (1979). (b) J. Heeres,
R. Hendrickx, and J. Van Cutsem, Antimycotic Azoles. 6. Synthesis
and Antifungal Properties of Terconazole, a Novel Triazole Ketal.
J. Med. Chem., 26, 611 (1983). (c) J. Heeres, L. J. J. Backx, and
J. Van Cutsem, Antimycotic Azoles. 7. Synthesis and Antifungal
Properties of a Series of Novel Triazol-3-ones. J. Med. Chem., 27,
894 (1984).

9. C. Willis and M. Wills, Organic Synthesis, Oxford Chemistry
Primers, Vol. 31, pp. 34-35, Oxford University Press Inc., New
York, U.S.A. (1995).

J. Korean Ind. Eng. Chem., Vol. 17, No. 6, 2006



