
THE SYNTHESIS OF 2,2,4 - TRISUSST~T~T~~ ~X~TANES AS NEW AZOLE 
ANTIFUNGAL AGENTS 

Ab0traGfZ Sy~t~a~s and b~~~g~~~ a~vjf~es of & - and fiats _ 2,2,4 - t~sub~j~ad octanes 4 
and S are described, The key dial intarmedistes 9 and ID exhibited exceptionally good in vitro and 
b viva a~~~nga~ a~j~ty. 

Despite e~e~s~ve resea~h efforts angled over the last thirty years te discover novel 
ant~~nga~ agents, the arole class of an~f~ngals has ~mainad a viabls st~~~~~ kad tward the 
persuit of more a~~ci~us arslly active, broad spetirum agents. The azole antifungals ara one of 
the few classes of compounds that clearly targets the cytochrome P = 450 enzyme. The arally 

active ket~~~flaza~a 1 has served as the focal pint for s~ens~va st~cture - antifungal activity 
~~a~nshi~ studies. f ~a~n~~~ newer agents, e.g -_ ta~~~z~je 2, have been ~~n~~ed as a rasuft 
of further st~~~rai modi~cst~on of the arole ring system and the side chain.2 Terconazote 2, 
exhibits a broader s~~rum of antifungal activity than kato~n~~ie I. 

In gans~i~ ci~n~~l~ useful mam~rs of this &ass of azofa s~t~~ngs~s contain a k&al ring 
moiety. ~e~ntly~ we rap~~ed the s~nt~sis of 3 (Sch 3~~~~~ wherein the 2,2,5 - tdsu~~ted 
tetrsh~d~f~ran ring replaces the k&al fu~~~~nali~ in 2. Sch 38818 was shown to be orally more 
active than ket~~n~2~~ and ter~~az~fe. 3~4 This ~bsa~ati~n p~rnpt~ us ta i~vastjgate the 
synthesis and the antifungal activity of the 2,2,4 - tris~b~it~ted oxetans 4 which may act as 
substrate analog owing to its stru~urai sim~la~y to 3, ths ~rn~~nd ~nta~ning the t~~hydr~furan 
ring. The change in ring size in the nucleoside analogs from ~rafl~se to ~xatane pro~undly effects 
the specific ~dentati~~ of the ring su~stjt~ent, A ~~l-kn~wn example is ~xetan~~n a novel 

n~~fe~s~de which exhibits antiviral, ~n~turner~ and an~b~~edal activities.5 F~~ha~o~, wa alSo 
~ntic~~t~ that the presence of the rigid oxetane ring in 4 could int~du~ additional ~nf~rrn~i~na~ 
~n~t~i~s refative ta 3, which might result in the ~~n~fj~ti~n of mora salactive and ~~t0~ analogs+ 

We herein rsport the synthesjs and b~~logi~ai p~pe~ies of the cis - and frarrs - 2,2,4 _ 
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The synthetic route for the preparation of racemic cis - 4 and trans - 5 oxetanes is described 

(Scheme 1).6 The starting material l-(2’,4’-dichlorophenyl)-l-(2-propenyl -(l H-l ,2,4- triazol-l- 

yl)ethanol 6 was prepared in two steps from dichloroacetophenone using the literature 

procedure.718 
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Scheme 1. Synthesis of Compounds 4 and 5 

RagWIts I Condltlons : a) mCPBA, CH2Cl2, r.t., 24h; b) NaH, DMSO, 50 OC, 15h; c) TsCI, Pyridine, 0 “C, 

i5h; d) BuLi, THF, O”, 15 min, 55 “C, 2h. 

Treatment of 6 with m-chloroperoxybenzoic acid in methylene chloride at room temperature 

gave an inseparable diastereomeric mixture of epoxides 7 in 92% yield. In many cases, these types 

of 3,4-epoxy alcohols could be converted to the oxetanes by intramolecular cyclization on treatment 

with base in 75% aqueous dimethyl sulfoxide. 9 However, using these reaction conditions the epoxy 

alcohol 7 not only failed to give the oxetane but decomposed. An alternative method for the 
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synthesis of oxetanes utilizes 1 ,&diots as starting materials, and normally requires two steps: (a) 

conversion of the diol to a monoarenesulfonate; and (b) base -induced ring closure of the 

monosulfonate by intramolecular nucleophilic displacement. 10 Fortunately, we were able to use 

this latter approach to synthesize the desired oxetanes. Treatment of the isolated epoxy alcohol 7 

with phenoxide anion 8 11 in DMSO at 50 “C gave a 1 : 1 mixture of diastereomertc diols 9 and 10 ( 

78% yield) which were separated using flash chromatography.t2113*1~ Tosyfation of these two 

diols was accomplished using 1.5 equivalents of p - toluenesulfonyl chloride in pyridine to give the 

corresponding monosulfonate esters 11 and 12 in 95 and 97% yield respectively. 

In the final step each tosylate was cyclited using one equivalent of bu~llithium in THF to give 

the ~r~sponding oxetane 4 and 5 in 80 and 79% yield res~~ively.15:16 Cyclitation to each 

oxetane resulted in a reversal of the stereochemistry at C4 as a result of SN2 displacement of the 

tosyl group by the corresponding aikoxide (Scheme I). 

The stereochemical assignment of both oxetanes were confirmed by 1D NOE data. 
Specifically, the irradiation of methine proton (H4, 6 4.88) resulted in positive NOE for He’ in the 

case of cis compound 4, whereas, the irradiation of methine proton (H4,6 4.45) gave positive NOE 

for triazole proton singlet at S 8.3 for the trans compound 5. 

In vitro evaluation : Minimum inhibitory concentrations (MICs) of 3, 4, 5, 9, and 10 were 

determined in Sabouraud dextrose broth, pH 5.7, against twelve strains of Candicfe, seven strains of 

dermatophytes and two strains of Aspergi//us. Against two strains of C.perapsilosis activity was 

observed with 4,9, and 10 with a range of 4-32 mcg/ml and with 3 at 0.125-0.5 mcglml. Compound 

5 was inactive. Against the other organisms all four compounds were inactive (32- ~64 mcg/ml) in 

this medium, including C. a&ems C-43 used to infect mice in the in viw study. In Eagles minimal 

essential medium, pH 7.0, against six strains of C. e~~i~~s , including C. e~~ice~s C-43, and one 

strain of C. s~e//e~i~ee, compounds 3,4,9, and 10 inhibited the yeast to mycelial transformation at 

concentrations eO.03 mcglml. Compound 5 was only slightly active (16- >64 mcglml). 

In viw evaluation : Mice infected intravenously with 1 X 106 colony forming units (CFUs) of 

C. albicans C-43 were treated, orally, once a day for four consecutive days. Compounds 3, 9, and 

10 at 50 mg/kg gave 100 percent survival, while untreated controls had only 50 percent survival. 

Four days post inspection (day five of the experiment) surviving mice were sacrificed and the 

number of Candida in the kidneys were determined. The geometric mean CFUs (log 10) for mice 

treated with compounds 3, 9, and 10 were 4.3, 4.2, and 4.4 respectively, compared to 7.7 for the 
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untreated control group. The compounds were also administered at 10 mglkg but were inactive 

(both survival and CFUs were similar to controls). Since only two doses were used a meaningful 

ED58 ~i~latjon could not be done. Both cis -4 and irans -5 oxetanes were inactive at these dose 

levsl. 

This work describes a short and e~~cjent synthesis of a novel class of t~s~bstituted oxetane 

azoles. While our objective of replacing the tetrahydrofuran ring system in 3 (Sch 38918) with the 

oxetane moiety has not bean rea~zed, both intermediate diofs 9 and 10 exhibited exceptionally good 

in vitro and in v&o antif~ngai a~iv~y. 
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13. 9: 1H Nmr[CDCl3]61.09(d, J~6.5 Ha,6H),2.72 (m,lH), 1.73(dd, J= 1.73,2.Q4Hz,2H), 

2.65 (m, 4H), 3.09 (m, 4H), 3.79 (m, IH), 3.76 (m, lH), 4.68 (dd, lH), 4.78 (dd, lH), 5.40 (s, 
lH), 6.70 (d, J = 8.0 Hz, 1 H), 6.82 (d, J = 8.0 Hz, 1 H), 7.22 (dd, J = 8.0,2.0 Hz, 1 H), 7.40 (d, J 
=2.0Ha, IH),7.80(d,J=8.0Hz, lH),7.80(s,lH),8.12(s,1H). 

14. 16: 1H Nmr [CDCl3] 6 1.10, (d, J = 6.5 Hz, 6H), 2.73 (m, IH), 2.42 (dd, J = 14.0 Hz, 8.0 Hz, 
lH), 2.50 (dd, J = 14.0, 4.0 Hz, lH), 2.70 (dd, 4H), 3.10 (dd, 4H), 3.78 (dd, J = 10.0,4.0 Hz, 
IH), 3.84 (dd, J = 10.0, 7.0 Hz, lHf, 4.19 (m, fH), 4.67 (d, lH), 5.24 (d, lH), 5.50 (s, iH), 6.78 
(d, J = 8.0 Hz, lH), 6.89 (d, J = 8.0 Hz, lH), 7.15 (dd, J = 8.0,2.0 Hz, IH), 7.30 (d, J = 2.0 Hz, 
IH), 7.65 fd, J = 8.0 Hz, 1X), 7.80 (s, IH), 8.00 (s, ?H). 

16. 4: tH Nmr [CDCl3J 6 1.10 (d, J = 6.5 Hz, 6H), 2.70 (m, 4H), 2.72 {m, 1X), 2.90 (dd, J = 12.0, 
8.0 Hz, lH), 3.10 (dd, J = 12.0, 7.0 Hz, lH), 3.12 (m, 4H), 3.75 (dd, J = ?2.0,4.0 Hz, lH), 3.95 
(dd, J = 12.0, 3.0 Hz, lH), 4.60 (d, J = 14.0 Hz, 1H), 4.88 (m, iH), 5.06 (d, J = 14.0 Hz, Ii-i), 
6.58 (d, J = 8.0 Ha, IH), 6.82 (d, J = 8.0 Hz, lH), 7.20 (dd, J = 8.0, 2.0 Hz, lH), 7.40 (d, J = 8.0 
Hz, IH), 7.41 (d, J = 2.0 Hz, IH), 7.80 fs, 1 H), 8.10 (s, IH). 

18. 5: ?H Nm~[CDCl3]~1.10 (d, Jz6.5 Hz,3H),2.70 (m~4H~,2.72(m, 1~~,2.82(dd, Jm12.0, 
6.0 Hz, IH}, 3.10 (m, 4H), 3.12 (dd, J= 12.0,8.0 Hz, lH), 3.43 (dd, J= 11.0,4.5 Hz, lH), 3.47 
(dd, J = 11.0, 4.0 Hz, iH), 4.38 (d, J = 15.0 Hz, IH), 4.45 (m, iH), 4.90 (d, J = 15.0 Hz, IH), 
S.SS(dd, J28.0 Hz, 1~),~,82~d,J=8.OH~, lH),7.22(dd, J=8.0,2.0Ht, tH),7.4O(d,J=2.0 
Hz, 1H), 7.48 (d, J = 8.0 Hz, t H), 7.95 (s, lH), 8.30 (s, IH). 


