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2 < ltraconazole vokst 27 IS 7R T Qe of$ F88 RS2 histoplasmosis,
blastomysosis?| 7378 2T 2 BA 2 of-¢- T8l B ATl ME lraconazole 704 IrAdell oA
FA22-& N EAL 5 raconazole F4HAI2] 4-912¢] methoxy?] H4) 2-. 3- #]F|ol| methoxy?]1E 7}
74| & g4k o] 28 lraconazole A = FATF 4= ¢ledeh

ABSTRACT. Itraconazole is an important drug for oral treatment of histoplasmosis and blastomycosis. [tra-
vonazole has been the targets of many synthetic efforts due to their diverse antifungal activities. [n this study.
an efficient synthetic route for ltraconazole intermediates has been developed using new procedures. Also, Itra-
conazole analogues introducing 2- and 3-methoxy group instead of ltraconazole intermediates with 4-methoxy
group were synthesized.
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Fig. 1. Structure of ketoconazole and itraconazole.
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2 Aled whllAM Sn2 904 olAke) FRER |-
(4-Methoxy phenyl}-4-aminophenyljpiperazine(7y% &
BT, HAE 7. Taw TAL Thi AHE EE
ugdel 2 8 YAl gleir §=E CHCLst
CH.CNE Ahg-3tgdel. CHCI AMS Aol M-S &
o471 o8- product?} 2ol CHCLel 4% 45
Fo oA CHCLE F-&3tejof H= gide] CH.CN
2l 74-$lle products] E3] =71 A o2 "oz 1t
Bo® HYLz uheat AHelE whespl He
dgem 96%2] 455 Z[4-d-Methoxyphenyl)-1-
piperazinyl]-phenylcarbamate(8Y5 @448kt 33hsE
9 g2 dioxane o3kl A hydrazine hydraes
7hsled 95%oldte] EE €& F AT HAYE
10 &4l A formamidine hydrochloridest form-
amidine acetates AHEE o ALdl formamidine
hydrochloridel= @4te| szl SmiA] A ¥hg-o
dojut?] formamidine acetates AHE-Eld €o} mild
g 2744 Hk-g & ¢ 2lgion -E"UH_‘L# -
propanobs AME-dled 9242 TEEE(4-(4- Melhox»-
phenyl)-1-piperazinylJphenyl-24-dihydro- 1.2.4-triazol-
3-one(10yS A Elsdel. 282 1 Al 8
2] vkl KOH powderE AMgale] A<l whg-3}
o] BokARt Rhge] za=EZ] 3. KOH powder
il KLCOE AMRslR. 700Cxell M 244]7F w33}
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Tubde 1. Physical duta of analogues

- FE (%) mp 'Oy TE (% mp(C)
6 68 19097 10 92 285290
64 R®Y [HH45 103 7R 230235
6b 77 160H 65 10b 64 240245
7 92 188192 11 90 195200
Ta 91 | 38142 lla N 118120
7h 96 liquid 1h 75 120135
8 97 205210 4 97 188195
Sa i) 169173 da 6l 180185
8bh 88 163166 4b 25 140145
9 97 280290 2 61 160165
93 86 222226 2a 71 13110
Yh 90 178182 2b 17 9Hvs

NaHgt BRRSA17 35 AR # cis-{2-2.4-Dichlo-
rophenyl)-2-{ [H-1.2 4-triuzol-1-y)-methy - 1 3-dioxolane-
d-yl)methylmethane-sulfonate(3)3 #7313 70 “Coll A
3AIZE BEE-A1F] cis-d-[4-[4-|4-[[2-(2.4-Dichlorophen-
yh-2-(1H-12 d-triazol- 1 -yimethyD)- 1. 3-dioxolane-4-
vi]lmethoxy|phenyl- I-piperazinyl|phenyl]-2.4-dihydro-
2-( [-methylpropy)-3H-1.2 4-triazol-3-one(2)&  61%°l
Ao PEER 9 £ Udd #3E 2aw TS W
22 s0wel ] $EEZ 2L AR e
2bt= 20%e)3le] EEE X ZIAT. o) AL piper-
azinyi712ke] A el 7} 9l FEFol W o E
5t
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Tuble 2. "H NMR data of compounds 4.
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pointe gallemkamp MFD 595-030G2 &34l er
'H-NMR Spectrunmre  Varian UNITY plus 300 spec-
wometer. IR Spectum-Z NICOLET 80 FT-IR Spec-
rrometers ARESIIT. TLCE Merck 5100 LS-254
(Kieselgel-Folieny3 AR&-3jeior A7) S5 37
Bod ARa}olct,
1-(4-Methoxyphenyl)-4-(4-nitrophenyl)piperazine(6)

2| B, p-Methoxypheny! piperazine dihydrochloride
(%) 124 2(46.8 mmol¥S DMSO (00 mLel| £33}
o K:COy 291 (200 mmolyS: H7RBLIL, (A7EE
¢t 3uldk & p-chloro nitrobenzene §.1 g(51.5
mmolr2 DMSQ 20 mLol] 3o 75t & 100°CE
122751t WhE-A1 7| 2L W] T2 F YR &
T 200mLE W2 AR FHES A4 os
n]dk-2- pochloronitrobenzene s A A7) i8] 2-
propanots 91 Ao 1A[7F ERHE 239} 3]
2 AZAA  1-(4-Methoxypheny-4-(4-nitrophenyl)

henyl
-CH.CH: -CHCH; -CH.CH:. piperazine -CHMeEt tnazolone il
AH.5H 2H.6H
3.210 6.82(d) 3H.5H
4 091 1.4¢d 1.83 4.32 T61is 7.39(d 6.96
{t {d) {m) 33400 {m) 61(x) (d}) 96(d) 6.7(d) 2H. 6 H
6.57(s) 2'H
4a 0.95(t 1.43(3) 1.89(m) 3.32(n1) 4.35(m) 7.67(s) 745dy  7.06(d) 633 dy4'H
7.15(t) 3'H
. 3070 6.8-7.2(m) 2H. 6H, 3H,
4b 0910 1.39(d 1.85 4.3 7.514s 7 44(d
i} (d} {m) 3.38() (m} (s) (d) SH. SH.6H
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piperazine 10 g(68%y8 Ao}

Rf 0.28(2:1 Hexane-EtOAck {(mp:  190~197°C
Ref: 195.1"Cy IR(KBry: 1520. 1340(NO;). 1240
(C-0) em 't '"H NMR(CDCh): 83.21(t. 4H. J=3.6Hz,
piperazine 2-H and 6-H). 3.58(t, 4H. J=5.1Hz.
piperazine 3-H and 5-A). 3.78(s. 3H. -OCH.)). 6.86
(d. 2H. J=24H/, phenyl 2-H and 6-H). 6.88%td.
2H. /=24Hz. phenyl 2-H and 6-H). 6.95(d. 2H.
J=9.0Hz, phenyl 3-H and 5-AH). 8.14d. 2H. J=9.6Hz.
phenyl 3-# and 3-H).

1-(4-Methoxyphenyl)-4-(4-aminophenyl)piperazine
(712 4. 1-(4-Methoxyphenyh-4-(4-nitrophenylpiper-
azine(6) 25 ¢(79.8 mmoly@} Sn 189 (160 mmob2}
HC) 250 mLE 371313 4027 3HE3F o2 o532
0mLE A7} g F 147 BRI o] Fag
F 7HA) 7] T 30% NaOH & S 73l 7393712
e v CHCLE FE3 ¥ Az:ste] 1-¢-
Methoxypheny!}--{4-amincephenyl piperazine 20.8 g(92%)
< Pt

Ry 0.32(20:1  Dichloromethane-MeOH):.  (mp:
[88~192"C Ref: 1918%°C). IR(KBr) 3400. 33{0
(NHj,  [526C=C). 12800C-0) em™: '"H NMR(CDCL):
83.22(m, 8H. piperazine), 6.96(s, 3H. -OCH.). 6.68
(d. 2H, J=8.4Hz. phenyl 3-H und 5-H), 6.87(m.
4H, phenyl 2-H, 6-H. 2-H, S5-H). 696(d. 2H,
J=06.9Hz. phenyl 3-H and 5'-H).

[4-(4-Methoxyphenyl)-1-piperazinyl Jphenylcarbamate
@82 B4,  1-(34-Methoxyphenyl)-4-(4-aminophenyl)
piperazine(7) 20 g(70.6 mmolyg CH.CN 250 mLo]|
7SR pynidine 8.5 mL H718 -8 404 20
¥5<F 2SI phenyl chlorofermate 10.6 mL{84.7
mmol}E MA3] sl gheellM 3r7Hge mahed
F SFTE Bkl A7 3RS el 2R
2 CH.CN & %o} Fo] |4-(d-Methoxyphenyh)- 1-pipera-
zinyl)-pheny) carbamate 27.2 g(96% 12 d2ic}.

Rf (.33(20:1 Dichloromethane-MeOH); (mp: 205~
210"C Ref: 204"C). [R(KBry 3400 (NH). 1720
(C=0). 1510 (C=C), 1240 (C-0) em™: 'H NMR
(DMSO-d.): 83.19(m, 8H. piperazine). 3.71(s. 3H.
-OCH,), 6.86(d. 2H. /=84Hz. phenyl 3-H and 5-
H), 6.98(m. 4H. phenyl 2-H. 6-H. 2-H, 6-H),
725m. 2H, phenyl 3-H and S5-H). 742(m, 5H.
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phenyl), 9.99s. 1H, -NH).

[4-(4-Methoxyphenyl}-1-piperazinyllphenyl  hydraz-
inocarboxyamide (9)2 BH. |4-(4-Methoxyphenyl)-
1-piperazinyljphenylearbamate(8) 25 g(62
500mLoll &35l hydrazine hydrate
15.0 mLI0 mmolys H718l2 44 7HE<) 2eska
MR F AN DAIIT SRS B ok
o} S, CHONE Aol Fo][4-(d-Methory-
phenyl)-I-piperazinylj-phenylhydrazinocarboxyamide
20,6 2(97% 1% diwh.

Rf 0.57(20:]1 Dichloromethane-MeOH). (mp: 280~
290"C Ref: =XKr°C)y JR(KBr) 3350. 3200(NH).
1700(C=0}. 1540, 1520(C=C), 1220C-O) em™s 'H
NMR(DMSO-dt.}: 33.17(broad s, 8H. piperazine), 3.71
(s. 3H. -OCH.. 4231ts. 2H. -NH.), 691tm. 6H.
phenyl), 7.25(s. IH. -NH) 7.39%d, 2H. /=9.0Hz
phenyl 3-# and 5-H). 8.41is. 1H, -NH).

4-[4-(4-Methoxyphenyl)- 1-piperazinyl]phenyi-2.4-
dihydro-12 4-triazol-3-one (10)2] &4, [4-(4-Methoxy-
phenyl)-1-piperazinyl|phenylhydrazinocarbox yamide
%) 20g (58.6 mmolrE propanal 200 mLoll £33}
2L formamidine acetate 30.5 9290 mmolr2- 713t
b 3AZHERE 3HRE F A7) SR A0t
3o IHE I o 4= 50% propanol 5
HoZ AolFe| d-[d-(4-Methoxyphenyl)- | -pipera-
zinyl]-phenyl-2 4-dihydro- 1.2 4-triazol-3-one 194 g (92%)
< dsle

Rf 0.28(15:1 Dichloromethane-MeOH). {(mp: 285~
290'C  Ref: >300°C). IR(KBr) 3210(NH), 1675
(C=0). 1505, 14C=C), 1235(C-0) em™ 'H NMR
(DMSO-cf): d3.4(m. 8H, piperazine), 3.71(s. 3H,
-OCH)), 6.85(d. 2H. /=9.0Hz. phenyl 2-H and 6-
H). 698(d. 2H, /=9.0Hz phenyl 3-H and 5-H),
7.13(d. 2H. J=69Hz. phenyl 2-H wand 6-H). 7.51
(d, 2H, J=69Hz, phenyl 3-H and 5-H), 8.37(s.
IH. triazole).

mmol &

dioxane

4-[4-(4-Methoxyphenyl)-1-piperazinyl]phenyl-2,4-
dihydro-2-(1-methylpropyl)-3H-1,2 4-triazol-3-one
(112l #A. 4-[4-4-Methoxyphenyh- I -piperazinyl|-
phenyl-2.4-dihydro-1.2 4-triazol-3-one(10) 10 g(28.5
mmoly& DMSO 200 mLel £#g 9§, K.CO;
5.9 9(42.7 mmolyE 37lsle] 1A]7H5<t kgt o2
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2-bromobutane 4.7 mL(42.7 mmolyE DMSQell =]
MAE] A7kl F 0 celM 24417 B=b whgE
Mol R T AT AR AAE A7k
57} eAnhE & F FRER AolFL AZsled
d-lb-(4-Methoxypheny])- I -piperazinyl phenyl-2.4-dihy
dro-2- 1-methylpropy))-3H-1 2 4-triazol-3-one 104 g%
At
Rf 0.25115:1 Dichloromethane-MeOH), (mp: 195
~200°C Ref: 203°Ch IR(KBry  1680(C=0). 1555,
1520(C=C), 1235(C-0} cm'". "'H NMR(CDCl:): 0.9
(t. 3H, J=78Hz. -CH:CH:). 139(d. 3H. J=6.9Hz.
-CHCH.), 1.88(m, 2H. -CH:CH:) 326 and 3.1,
8H., J=24Hz, J=4.5Hz. piperazine). 3.82(s, 3H.
OCHY. 433m, IH. -CHMeEN, 6.52(d. 2H, J=9.0Hz,
phenyi 2-H and 6-H). 7.0(d. 2H, /=Y.0Hz. phenyl
¥.H and 5-H) T0%d. 2H, j=69Hz. phenyl 2-H
and 6-H). 747d. 2H. J=69Hz, phenyl 3-H and
S-H). 7.66ts. TH. triazolone).
[4-(4-Hydroxyphenyl)-1-piperazinyl]-phenyl]-2-(1-
methylpropyl)-3H-1,2 d-triazol-3-one ($)2] &4, 4-
|4-(4-Methoxypheny]- [ -piperazinyl)phenyl-2.4-dihy-
dro-2-1 I-methyvipropyl)-3H-1.2 4-triazol-3-one(11) 1 g
(2.5 mmoly® 47% HBr& 20mlsl 71} ok&
14217 3qh EFE WA F SRSE AR F
Na.COE 33 eby CHOLE 4 728, [4
(+-hydro-xyphenyl)-1-piperazinyl}-phenyl]-2-(1-methyl-
3-one 0.9 g(979% 12 «dsic).
Rf 0.39(15:1 Dichloromethane-MeOH): (mp: 188~
195°C Ref: 211°C). IR(KBr) 3310{0H), 1685(C=0).
1520, 1550, 1445(C=C). 1225(C-0) e¢m™: 'H NMR
(CDClLy: d0.91(t, 3H, /=75Hz. -CH:.CHJ), 14d, 3H,
J=6.6Hz. -CHCH.. 183im. 2H. -CH.CH.. 32
and 3.4, 8H. J=27Hz, piperazine), 4.32(m. [H.
-CHMeEt. 6.17(broad s, 1H. -OH). 6.7(d, 2H.
J=87, phenyl 2-H and 6-H), 6.82(d. 2H. /=9.0Hz,
phenyl 3-H and S-H) 696(d. 2H, /=5.0Hz.
phenyl 2-A and 6-H). 7.39(d. 2H. /=8.7Hz, pheny]
3-H and 5-H). 7.61(s. 1H. triazolone).
cis-3-[4-|4-[3-[[2-{2,4-Dichlorophenyl)-2-(1H#-1,24-
triazol-1-ylmethyl)-1,3-dioxolan-d-y!Jmethoxy]-

propyl}-3H-1.2.d-triazol-

phenyl]-1-piperazinyl]phenyi]-2.4-dihydro-2-(1-
methylpropyl}-3H-1,2 d-triazol-3-one(2)2| &4, (4-

- MR - WEDE - e

(4-Hydroxyphenyl)- 1 -piperazinyl|-phenyl]-2-( | -methyl-
propyl)-3H-1 2 4-triazol-3-one(dy 0.3 g(0.8 mmoh&
23 DMSO SmLell A71gF ¥ NaH 0.023 209
mmoly2 ©13F F A7 Bk wHke) cis[2-24-
Dichlorophenyl)-2-(1H-1.2 4-triazol-1-ylmethyl)-1.3-
dioxol-ane-4-yllmethyl methanesulfonated) 0.3 g(0.8
mmolg DMSO 2mLell He] A3 Y7y #
70°CR 7}edslod 3A)71Ex) BReA 7| 2 HZbsled 27
+Z2 W7H 98 CHCOLE 33, A2, APedsled
cis=-d-[4-14-[4-§[2-(2.4-Dichlorophenyl)-2-(1H-1,2.4-
triazal- [-yImethyl}- 1. 3-dioxoian-4-ylJmethoxy |phenyl]-
I-piperaziny}|phenyl]-2.4-dihydro-2-( I -methylpropyl)-
3H-1.2.4-triazol-3-one 0.31 261918 H%ich.

Rf 0.32(15:1 Dichloromethane-MeOHY. (mp: 155~
165°C Ref: 166°C), IR(KBr): 1700(C=0), 1520.
1450(C=C),  1230(C-0): 'H NMR(CDCLY): 80.9¢t,
3H, J/=75Hz. -CH.CH;). 1.3%d. 3H. J/=69Hz.
-CHCH.). 1.82(m, 2H, -CH:CH:), 3.24 and 3.36(t.
8H. J=2.7Hz, piperazine). 3.5 and 3.8-4.((m, 4H.
dioxolane S-H and 4-CH.L. 4.28(m. 1H. dioxolane
4-H), 4.32m. IH, -CAMeEN., 475 and 4.84(2d.
2H, J=147Hz, dioxolane 2-CH.). 681(d. 2H. /=9.0Hz,
phenyl 2-H und 6-H). 694(d. 2H. /=9.0Hz,
phenyl 3-H and 5-H), 7.03(d. 2H. J=8.7Hz.
phenyl 2-H and 6-H), 7.24(d. |H. J=2.1Hz, phenyl
5-Hy, 748(s. LH, phenyl 3-A), 7.58d. 1H, J=84Hz.
phenyl 6-H), 7.62(s, IH. trazolone), 7.9(s, [H.
trazole S-H), 821¢s. 1H, trazole 3-H) Anal
Caled for Ci:HxCLNJOs: C, 59.6; H, 54: N. 159
Found C, 59.7. H, 5.7; N. 15.3.

gl g 2d

1. Grant, S. M.. Clissold. S. P. Drugs 1989, 37, 310,

2. Rogers, T. R. Lancer 1992, 340, 648,

3. Heeres, J.; Backx, L. J. J.; Mostmans, H.; Van Cutsem,
I . Med. Chem. 1979, 22, 1003,

4. Heeres, ).; Backx, L. I. I, Van Cutsem. J. J. Med.
Chem. 1984, 27, 894,

5. Tsuji. Y. Huh, K. T.; Ohsugj, Y.; Watanabe, Y. /. Org.
Chem. 19885, 50, 1365,

6. Kiritski. J. A Yung, D. K.: Mathony, D. E. J. Med.
Chem. 1978, 21, 1301.

7. Zhao. S. H.; Miiler. A. K.; Berger. J.. Flippin. L. A. Ter-

Jememad of the Korean Chemical Society



ltraconazole 3=714)2] L34 44 I FAHe) g1 681

rahedron Left. 1996, 37, 44632, ). Tetrahedron Lett. 1996, 37. 319.
8. Perez. M.; Potier. P.; Halazy, S. Tetrahedron Lett. 1996. 10. Jordi B.; Santiago G. J. Heterocvelic Chem. 1997, 34,
37, 848. 1709.

9. Mishani, E.; Dence, C. S.: McCarthy. T. J.; Welch, M.

19949 Vol. 43, Ne. 6



