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Summary 

Myristic acid analogs that are putative inhibitors of N-rnyristoyl- 
transferase were tested in vitro for activity against yeasts (Sac- 
charomyces cerevisiae, Candida albicans, Ctyptococcus 
neoformans) and filamentous fungi (Aspergillus niger). Several 
(+)-2-halotetradecanoic acids including (+)-2-bromotetradecanoic 
acid ( 1 4 ~ )  exhibited potent activity against C. albicans (MIC = 
39 pM), C. iieofomans (MIC = 20 pM), S. cerevisiae (MIC = 
10 pM), and A. niger (MIC < 42 pM) in RPMI 1640 media. 
Improved synthetic methods have been developed for the synthesis 
of 1Zfluorododecanoic acid (12a) and 12-chlorododecanoic acid 
(12c). Three novel fatty acids, 12-chloro-4-oxadodecanoic acid 
@a), 12-phenoxydodecanoic acid (12i), and 1 1-(4-iodophenoxy)- 
undecanoic acid (13d) were also synthesized and tested. 

Introduction 

Myristoyl CoA:protein N-myristoyltransferase (NMT) is an 
attractive target for antiviral and antifungal therapy. Protein 
N-myristoylation refers to the co-translational linkage of 
myristic acid (C 14:0), via an amide bond, to the NH2-terminal 
glycine (Gly) residues of a variety of fungal and viral proteins. 
This reaction is catalyzed by NMT (E.C. 2.3.1.97). These 
fungal myristoylated proteins include ADP ribosylation fac- 
tor (Arflp. Arf2p) in Candidu albicans, Saccharomyces cere- 
visiae, and Cryptococcus neoformans[‘]. Inhibitors of protein 
synthesis, such as myristic acid analogs, block protein N- 
myristoylation[21. The cellular incorporation of myristyl ana- 
logs that have physicochemical properties different from 
those of myristic acid (1) could perturb fungal protein func- 
tion. The observation that fungal growth can be inhibited by 
perturbation of the myristoylation process suggests that the 
enzyme responsible for this protein modification could pro- 
vide a suitable target for therapeutic agents‘’]. Aspergillus 
niger contains saturated fatty acids such as myristic acid 
(lf3’, and it would therefore be expected to be sensitive to 
the incorporation of myristic acid analogs. A variety of myris- 
tic acid analogs that possess different physicochemical prop- 
erties, containing halogen, azide, oxygen, sulfur, and 
aromatic substituents have been reported. Accordingly, 
10-phenyldecanoic acid (2), 12-[2-( 1-methylimidazolyl)]do- 
decanoic acid (3), and 124 1 -( 1,2,3-triazolyl)]dodecanoic 
acid (4), have been desi ned to serve as alternative substrates 
for NMT (Figure 1) [2-85]. The hetereocyclic derivatives 3 , 4  
were good substrates for NMT, but were quite toxic at low 
concentrations < 4-100 pML5]. 

CH~(CH~)DCOOH e ( C H 2 ) 9 C O O H  
1 2 

Figure 1. Structures of some fatty acid analogs having an aromatic or 
heteroaromatic ring. 

In vitro antifungal structure-activity relationships for a va- 
riety of myristic acid analogs including some novel com- 
pounds are described. This broad family of compounds 
permitted us to examine the effect of physicochemical prop- 
erties, such as partition coefficient and acidity upon antifun- 
gal activity. 

Chemistry 

The compounds that were investigated can be categorized 
into five groups: 
a) 4-0xa and 9-oxa analogs: R(CH2)mO(CH2)nCOOH 

R = C1, n = 2, m = 8 (Sa), 
R = Me, n = 2, m = 9 (Sb), 
R = Me, n = 7, m = 4 (8c) 

R = F (12a), I (12b), 
C1(12c), Br (12d), 
M e 0  (12e), EtS (120, 
Ph (12g), N3 (12h), 
PhO (12i). 

R = M e 0  (13a), EtS (13b), 
Br (13c), 4-I-PhO (13d), 
PhO (13e). 

d) 2-Substituted tetradecanoic CH3(CH2)i iCH(R)COOH 
R = F (14a), OH (14b), 
Br (14c), I (14d), Cl(14e). 

e) 2-Bromotetradecanoate CH3(CH2) 1 iCH(Br)COOR 
R = Me (15a), Et (15b), 
i-Pr (15c). 

b) 12-Substituted dodecanoic R(CH2)i iCOOH 
acids: 

c) 1 1-Substituted undecanoic R(CH2)ioCOOH 
acids: 

acids: 

esters: 
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Improved synthetic methods have been developed for the 
synthesis of 12-fluorododecanoic acid (12a) and 12-chloro- 
dodecanoic acid (12c). 12-Chloro-4-oxadodecanoic acid 
@a), 12-phenoxydodecanoic acid (129, and 11 -(4-iodophe- 
noxy)undecanoic acid (13d) are new fatty acids (see Table 1). 

12-Chloro-4-oxadodecanoic acid (Sa) was prepared by cy- 
anoethylation of 8-bromooctanol (5) followed by hydrolysis 
of the cyano group to the carboxyl group as illustrated in 
Scheme 1. 

Br(CH2)gOH + CH?=CHCN & Br( CH2)gO (C H2)2 C N 

5 6 7 

(b) CI(CH2)gO(CH2)2COOH 

8a 
Scheme 1. Reagents and condition,. (a) NaH, 55-60 "C 3 h, (b) HC1, 
CHCOOH, 25 "C. 2 h 

12-Fluorododecanoic acid (12a) was prepared previously 
using a tedious method in six steps from ethyl 1 l-bromoun- 
decanoate[61. In the present study, 12-fluorododecanoic acid 
(12a) was prepared using a three step reaction that involved 
the elaboration of 12-hydroxydodecanoic acid (9) to the 
methyl ester derivative 10 by reaction with trimethylsilyl 
chloride in methanol[71. Subsequent reaction with diethyl- 
aminosulfur trifluoride (DAST), to replace the hydroxyl 
group by a fluorine substituent[*l, and then acid hydrolysis of 
the methyl ester 11 yielded 12-fluorododecanoic acid (12a, 
65%) (Scheme 2). 

HO(CHd IlCOOH (a), HO( CH2) 1lCOOMe 

9 10 

-+ F(CH2)ilCOOMe + F(CH2)iiCOOH 
(b) ( c )  

I 1  12a 

Scheme 2. Reagents and conditions: (a) (CH3)3SiCI, CH?OH, 25 "C,  16 h; 
(b) DAST, benzene, 25 "C, 2 h; (c) HCI, dioxane, reflux, 2 h. 

The method of Finkelstein was used to synthesize 12-iodo- 
dodecanoic acid (12b) and (+)-2-iodotetradecanoic acid 
(14d) by reaction of the corresponding bromo analog (12d, 
14c) with sodium iodide in acetone[91. 

The selective introduction of a chlorine substituent at the 
terminal methyl position of fatty acids is a challenging syn- 
thetic reaction. It was found that addition of concentrated 
nitric acid to a mixture of an alkyl iodide and hydrochloric 
acid resulted in an exothermic reaction that was accompanied 
by expulsion of elemental iodine to yield the corresponding 
the alkyl chloride as the major product["]. This methodology 
was used for the successful preparation of 12-chlorododecan- 
oic acid (12c) (Scheme 3) and (+)-2-~hlorotetradecanoic acid 
(14e). 

1 1 -Phenoxyundecanoic acid (13e) was prepared by reaction 
of phenol with 1 1-bromoundecanoic acid (13c) in aqueous 
sodium hydroxide" 'I. In this study, a similar method was 

I(CH2)ilCOOH (a) + Cl(CH2)IlCOOH 
12b 12c 

Scheme 3. Reagents and conditions: (a) HN03, HCI, IS-20 "C. 2 h 

used for the synthesis of 1 1 -phenoxyundecanoic acid (13e, 
68%), and for the previously unknown 12-phenoxydodecan- 
oic acid (12i, 96%) and 1 1 -(4-iodophenoxy)undecanoic acid 
(13d, 43%) in ethanol-potassium hydroxide. 12-Phenyldode- 
canoic acid (12g, 49%) was prepared using the four step 
reaction sequence reported by Goodman et a1.['21. An alter- 
nate method reported by Eisenhut et al.[13] was employed for 
the preparation of 10-phenyldecanoic acid (2, 49%) and 
12-phenyldodecanoic acid (12g, 23%). 

(?)-Methyl 2-bromotetradecanoate (15a, 92%), (+)-ethyl 
2-bromotetradecanoate (15b, 72%), and (k)-isopropyl2-bro- 
motetradecanoate (15c, 92%) were prepared by esterification 
of (+)-2-bromotetradecanoic acid (14c) with trimethylsil 1 

The calculated pKa values for most myristic acid analogs 
investigated was 4.91, except for the 2-substituted and the 
4-oxa-analogs. For example, (~)-2-bromotetradecanoic acid 
(14c) had a calculated pKa of 3.06, whereas 4-oxatetradecan- 
oic acid (8b) had a calculated pK, value of 4.37. The calcu- 
lated partition (log P = 3.3-7.3) and distribution (log 07.0 = 
0.74.8)  coefficients for the fatty acids investigated (see 
Table I )  extended over a broad range. 

chloride in either MeOH, EtOH, or i-PrOH, respectively. ,941 

Results and Discussion 

A group of myristic acid analogs were investigated to 
develop antifungal structure-activity relationships, and to 
determine the effect of physicochemical properties such as 
partition coefficient and acidity upon antifungal activity. A 
large difference in anti-fungal activities was observed for the 
myristoyl analogs investigated. 

The in vitro antifungal test results for the fatty acids (1, 2, 
S a x ,  12-14) and myristate esters 15a-c are presented in 
Table 1. The 4-oxa (8b) and 9-oxa (8c) derivatives were 
active against C. neoforman.s (MIC = 0.04-0.17 mM) and 
exhibited moderate activity against S. cerevisiae (0.34 mM) 
and A. niger (0.34-0.68 mM). In contrast, 12-chloro-4- 
oxatetradecanoic acid (8a) was an inactive antifungal agent. 
Studies by Kishore et al.'14,151 suggest that a key feature for 
the NMT binding site is the omega-terminus of the fatty acid 
which interacts with a conical sensing device that detects both 
length and steric size. Interatomic distances between the 
carbonyl (CO) moiety and the omega-atom measured aft5r 
AM1 calculations showed interatomic distances of 14.99 A 
for Sa, relative to 16.01 and 16.03 A for 8b and 8c, respec- 
tively. The decreased antifungal activity exhibited by 8a, 
relative to 8b and 8c, may be due to the shorter interatomic 
distance in 8a and the larger size of the of the omega-chlorine 
atom relative to the omega-methyl present in Sb and 8c. 

12-Substituted analogs 12a-h were active against C. neo- 
formans (0.04-0.18 mM), but they exhibited weak activity 
against C. Alhicans (1.9 to 5 mM). Compounds 12b and 12d 
were active against A. niger at a concentration < 0.04 mM. 

Phenyl-substituted derivatives generally exhibited weak 
antifungal activity. For example, 10-phenyldecanoic acid (2) 
was equally active against C. neoformans and S. cerevisiae 
(MIC = 0.16 mM), but it was only weakly active against 
A. niger and C. albicans. 12-Phenyldodecanoic acid (12g) 
was found to be a potent antifungal agent only against C. 
fieoformans (MIC = 0.04 mM). 
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Table 1. Structures, physicochemical properties and antifungal activity (MIC values, mM)" against Candida albicans, Cryptococcus neofonans, Saccharomy- 
ces cerevisiae, and Aspergillus niger for fatty acids and esters. 

~~~~ ~ 

No. Structure log Pb log D7.o' pKad C. albicans C. neo- S. cerevisiae A. niger 
ATCC formans PLM 454 PLM 1140 
14053 KF-33 

1 Me(CH2)i2COOH 5.97 3.9 4.91 >5 >5 >S 2.7 
2 Ph(CH2)gCOOH 5.56 3.5 4.91 2.5 0.16 0.16 1.3 
8a CI(CH~)XO(CH~)~COOH 3.29 0.7 4.37 >5 >5 5.3 0.8 
8b Me(CH2)90(CH2)zCOOH 4.45 1.8 4.37 1.4 0.17 0.34 0.34 
8c Me(CH2)40(CH2)7COOH 3.88 1.8 4.91 0.23 0.04 0.34 0.68 

12a F(CHz)iiCOOH 4.29 2.2 4.91 2.9 0.18 0.72 1.4 
12b I(CH2)iiCOOH 5.34 3.3 4.91 1.9 0.12 1.2 < 0.03 
12c CI(CH2)i ICOOH 4.82 2.7 4.91 2.7 0.09 0.17 0.17 
12d Br(CH2)i ICOOH 5.03 2.9 4.91 2.2 0.14 0.18 <0.04 
12e MeO(CH2)r ICOOH 3.88 I .8 4.91 2.7 0.09 0.3 0.09 
12f EtS(CH2)i rCOOH 5.47 3.4 4.91 >5 0.08 3.1 2.4 
1-32 Ph(CH2)iiCOOH 6.59 4.5 4.91 >5 0.04 1.1 2.3 
12h N~(CH~)I ICOOH 4.88 2.8 4.9 I 1.3 0.16 0.3 0.3 
12i PhO(CH2)i ICOOH 6.14 4.1 4.91 >5 >5 >5 5.3 
13a MeO(CH2)ioCOOH 3.36 1.3 4.91 >5 0.36 0.72 1.4 
13b EtS(CH2) I oCOOH 4.95 2.9 4.91 5.1 0.08 0.63 1.3 
13c Br(CHz) 1 oCOOH 4.51 2.4 4.91 1.2 0.08 0.08 0.3 
13d 4-I-PhO(CH2)1 oCOOH 6.89 4.8 4.91 >5 >5 1 .5 3.1 
13e PhO(CH2) ioCOOH 5.62 3.6 4.91 >5 0.14 1.1 2.2 
14a Me(CH2)i iCH(F)COOH 6.20 2.4 2.83 >5 5. I 1.3 5.1 
14h Me(CH2)i iCH(0H)COOH 5.17 2.1 4.01 >5 5 .  I 2 5  2.6 
14c Me(CH2)i iCH(Br)COOH 6.93 3.0 3.06 0.04 0.02 0.01 <0.04 

14e Me(CH2)i iCH(C1)COOH 6.72 2.8 2.99 0.59 0.04 0.04 0.59 
14d Me(CHz)iiCH(I)COOH 7.25 3.4 3.30 0.1 0.03 0.01 0.1 

15a Me(CH2)i iCH(Br)COOMe 7.29 7.2 - >5 1.9 >5 0.49 
15b Me(CH2)i iCH(Br)COOEt 7.81 7.7 - >5 3.7 >5 0.93 

1% Me(CHz)i iCH(Br)COOPr-i 8.33 8.2 >S >5 >5 >5 
Amphotericin B 0.0002 0.0004 0.0009 0.003 
Acetone >5 >5 >5 >5 
Methanol >5 >5 >5 >5 
Fluconazole 0.007 NDe 0.03 ND 
DMSO 12.5% v/v 6.3% v/v 6.3% v/v 6.3% v/v 

- 

a The result is the average of three separate experiments. 
coefficient of the fatty acid at pH 7.0 calculated using the PrologD prediction program. Calculated dissociation constant. ' ND = Not determined. 

Partition coefficient of the fatty acid calculated using the PrologP 5.1 program. Distribution 

Table 2. In vitro cytotoxicity of some fatty acids in the 
KB cell line. 

Compound 

2 
12d 
12e 
13b 
14c 
Adriamycinb 

0.18 
0.17 
0.19 
0.19 
0.15 
0.00002 

?he concentration of the test compound that was 
cytotoxic to 50% of the cells. The value is the average 
of three separate experiments. 
bAdriamycin as the reference drug. 

The antifungal activity of the 2-substituted tetradecanoic 
acids 14a-e against C. neoformans, A. niger, C. albicans, and 
S. cerevisiae were also determined. Compounds 14c-e were 
active against all four fungi. The 2-bromo analog 14c was the 
most potent antifungal fatty acid tested with antifungal MICs 
of 0.02 mM, 0.01 mM, 0.04 mM, and < 0.04 mM, respec- 
tively, against C. neoformans, S. cerevisiae, C. albicans, and 
A. Niger. 

The KB cell line was used for in vitro cytotoxicity assess- 
ment. Toxicity (TD50 in mM) was determined for selected 
compounds (Table 2). 

Lo P values were calculated using the PrologP 5.1 pro- 
To confirm the validity of the log P calculation, the 

experimental data were compared with acquired data for 
some fatty acids. For example, the experimental value of 
6. 1['71 reported for myristic acid (1) is in good agreement with 

Arch. Pharm. Phan.  Med. Chem. 329,475482 (1996) 
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the calculated log P value of 5.97. The distribution coefficient 
( D )  considers the partitioning of all ionic species of a com- 
pound (Table I ) .  In order to calculate the log 0 7 . 0  value for 
a test compound, both the logarithms of the partition coeffi- 
cient (log P)  and the dissociation constant(s) (pK,) are 
needed. To perform these calculations, the test compound 
structure is drawn graphically, after which the computational 
program PrologD automatically calculates these parameters 
by activating the PrologP and PrologD modules of PAL- 

The pKalc 3.1 program module['61 was used to calculate 
pKa values, and the validity of these data was established by 
comparing the experimental values of a few fatty acids with 
their calculated pK, value. For exam le, the experimental pK, 
value of 5.0 for myristic acid (1)['8 is comparable with the 
calculated pKa value of 4.9. As would be anticipated, the 
calculated pKa value for 12-chloro-4-oxadodecanoic acid 
(8a) and 4-oxatetradecanoic acid (8b) was lower (4.37) than 
that of myristic acid (1) (4.91) due to the electronegative 
effect of the 4-oxa moiety. 

Since a large difference in the pKa values of 2-substituted 
fatty acids is often observed, a more precise calculation was 
required for these analogs (14a-e). The pK, value of the 
2-substituted myristic acid analogs (14a-e) listed in Table 1 
was calculated by subtracting the substituent pK, value 
(ApKa) for a substituent attached to the a-carbon of an ali- 
phatic acid"'] from the pK, value for myristic acid (1, pK, = 
4.91). The validity of this method was confirmed by compar- 
ing experimental and calculated pK. values for 2-halo- and 
2-hydroxy- derivatives of acetic acidrZo1 where the magnitude 
of the pKa value correlates with the electronegativity of C-2 
substituent of the acid. 

The most active antifungal agent in this group of com- 
pounds was (+)-2-bromotetradecanoic acid (14c), which ex- 
hibited potent activity against C. albicans, C. neoforrnans, S. 
cerevisiae and A. niger (Table 1) in RPMI 1640 growth 
medium. It has been reported that (?)-2-bromotetradecanoic 
acid (14c) does not exhibit antifungal activity against A. iziger 
at pH 4.0 and pH 5.6 in Sabouraud dextrose agar after 5 days 
at 28 oC[211. In this study the culture medium RPMI 1640 (pH 
= 7) was used to test 14c against A. niger (MIC < 0.04 mM). 
At pH = 7, the concentration of the ionized form is 8700-fold 
more than the concentration of unionized form of this carbox- 
ylic acid, whereas this is only 347-fold larger at pH = 5.6. 
Therefore the difference in antifungal activity between re- 
ported and current studies may be due to differences in pH of 
the culture media used in these experiments. Other 2-substi- 
tuted analogs such as (i)-2-fluorotetradecanoic acid (14a) 
and (+)-2-hydroxydodecanoic acid (14b) exhibited very weak 
antifungal activity. These results would be expected if the 
mechanism of action involved fungal peptide alkylation at 
C-2 of the myristoyl analog, since bromine is a much better 
leaving group than fluorine or hydroxyl substituents. This 
alkylation mechanism could be confirmed in part by testing 
(f)-2-iodotetradecanoic acid (14d) and (*)-2-~hlorotetrade- 
canoic acid (14e). Since iodine is a better leaving group than 
bromine, and chlorine is a less effective leaving group than 
bromine, one would predict that (+)-2-iodotetradecanoic acid 
(14d) would be a more potent antifungal agent than the 
2-bromo analog 14c, whereas (+)-2-chlorotetradecanoic acid 
(14e) should be a less active antifungal agent than the 

LAS[ ' @. 

2-bromo analog 14c. The antifungal activities of the 2-iodo- 
(14d) and 2-chloro- (14e) substituted analogs were not sig- 
nificantly different than the (i)-2-bromotetradecanoic acid 
(14c) which suggests that factors other than displacement of 
the C-2 halogen substitutent are determinants of antifungal 
activity. The close proximity of the C-2 halogen substituent 
or the 4-oxa moiety to the carboxylic acid group increases the 
ability of the COOH to undergo dissociation (due to the 
electronegative effect of halogen or oxygen). The pK, of the 
carboxylic acid moiety could be an important factor in myris- 
toylation of fungal peptides, since the weakly active antifun- 
gal 2-substituted fatty acids 14a (pK, = 2.83) and 14b (pKa = 
4.01) have a lower or higher calculated pKa than the more 
active antifungal analogs 14c-e (pKa range = 2.99-3.30) 
(Table 1). Binding of the fatty acid to NMT is one of the first 
steps in myristoylation of a peptide that requires an active 
carboxylic acid moiety. Three alkyl esters of (*)-2-bro- 
motetradecanoic acid (14c) were synthesized to determine the 
role of the carboxylic acid moiety with respect to antifungal 
activity. The differences in lipophilicity and the size of the 
alkyl ester substituent present in (?)-methyl 2-bromotetrade- 
canoate (15a), (?)-ethyl 2-bromotetradecanoate (15b) and 
(i)-isopropyl 2-bromotetradecanoate (1%) could provide a 
correlation of antifungal activity with physicochemical prop- 
erties. All three esters exhibited low antifungal activity 
against C. neoforrnuns, A. niger, C. albicans and S. cere- 
iisiae, which suggests that the carboxylic acid substituent is 
required for antifungal activity and that inhibition of myris- 
toylation is the major mechanism involved. The observation 
that myristic acid (1) was devoid of antifungal activity is in 
agreement with the fact that myristic acid analogs inhibit 
NMT myristoylation to elicit their antifungal activity by 
competing with myristic acid for a binding site(s) on NMT. 
It was of interest to ascertain whether the activity exhibited 
by myristoyl analogs in the coupled in vitro enzyme assay 
such as S. cerevisiae NMT[14] could accurately forecast anti- 
fungal activity. Introduction of an heteroatom such as oxygen 
or sulfur into the myristoyl moiety results in loss of a site for 
hydrophobic interaction and creates a potential hydrogen 
bond acceptor.[14] A comprehensive description of the in 
vitro NMT assay, provided in earlier publications, showed 
that at 0.5 mM (i)-2-bromotetradecanoic acid (14c) reduced 
NMT activity by 86%. However, (f)-2-fluorotetradecanoic 
acid (14a), (?)-2-hydroxytetradecanoic acid (14b), and 
myristic acid (1) rovided only 27%, 53%, and 27% inhibi- 
tion, respectivelyb1. This is in agreement with our data that 
(?)-2-bromotetradecanoic acid (14c) is a more potent antifun- 
gal agent than (?)-2-fluorotetradecanoic acid (14a) and (i)- 
2-hydroxytetradecanoic acid (14b). 

(?)-2-Bromotetradecanoic acid (14c), (?)-2-iodotetrade- 
canoic acid (14d), and (+)-2-~hlorotetradecanoic acid (14e) 
have calculated log P values between 6.7-7.3 (log 0 7 . 0  be- 
tween 2.8 and 3.4) (Table I ) .  There appears to be a relation- 
ship between antifungal activity against all fungi tested and 
the calculated log P for these 2-halo myristic acid analogs 
where the more lipophilic 2-Br and 2-1 analogs are more 
potent than the less lipophilic 2-F and 2-OH derivatives. 
These data suggest that there is an optimal partition coeffi- 
cient range for maximum antifungal activity. Based on pre- 
vious in idro NMT assay data, the observation that the 
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activities of NMT acyl-CoA substrates diminish with increas- 
ing polarity['], is in agreement with our data for 2-substituted 
fatty acids. 

Some oxa-substituted analogs such as 1 I -methoxyunde- 
canoic acid (13a) and the thio-substituted analogs (12f, 13b) 
were only weak antifungals. This is in agreement with in vitro 
NMT assa data which showed that they are poor NMT 
substrates[']. Interatomic distances between the carbonyl 
and omega-moieties, mefsured after AM 1 calculations, were 
14.83, 18.16, and 17.77 A for 13a, 12f, and 13b, respectively 
relative to myristic acid (16.63 A). 

4-Oxatetradecanoic acid (Sb), which is incorporated into C. 
neoformans Arf, is reported to be fungicidal at 0.3 mM. 
Langer et al. reported that 4-oxatetradecanoic acid (8b) pro- 
duced an approximately 10-100-fold reduction in the viabil- 
ity of C. albicans and S. cerevisiae at a 0.3-0.5 mM 
concentration[']. The oxa- (Sb, Sc, 12e, 13a) and thia- (12f, 
13b) myristic acid analogs generally exhibited medium anti- 
fungal activity. The 4-oxa analog (Sb) exhibited potent activ- 
ity against C. neoformans (MIC = 0.17 mM) that is 
comparable to reported data. Myristic acid analogs with an 
oxygen atom at position 9 in the fatty acid backbone are good 
NMT substrates. Detailed kinetic studies have shown that 
when 9-oxatetradecanoic acid (Sc) is added to the coupled in 
vitro assay system, the calculated K, of the peptide increases 
only about 2-fold compared to myristic acid (l), but the rate 
of acylpeptide formation is slightly higher, producing a pe - 

The in vitro anti-fungal data acquired indicate that 9-oxa- 
tetradecanoic acid (Sc) is an relatively active agent only 
against C. neoformans (MIC = 0.04 mM ) (Table 1). 

An additional study was carried out to assess whether 
antifungal activity correlates with the presence and position 
of an aromatic ring or a heteroatom. It has been suggested that 
the conversion of 10-phenyldecanoic acid (2) to its acyl-CoA 
derivative produces a 10-fold increase in peptide catalytic 
efficiency relative to the nonanoic or undecanoic acid deriva- 
tives. The Km for 10-phenyldecanoyl-CoA (1.2 pM) is com- 
parable to that of myristoyl-CoA (3.8 pM)[14]. The antifungal 
activity exhibited by myristic acid analogs is not affected 
significantly by oxygen substitution in the chain or by place- 
ment of an iodine substituent at the para-position of a phenyl 
ring (2, 12g, 12i, 13e, 13d). Kishore et ~ l . [ ' ~ '  proposed that 
compounds having a terminal phenyl moiety should not fit 
into the postulated conical receptor, and therefore should 
exhibit weaker activity than the analogs having terminal 
methyl groups. Our in vitro antifungal data for 12g, 124 13d, 
13e confirm this postulation, since these compounds gener- 
ally exhibited weaker antifungal activity than 2 (Table 1). 
This may be due to the enzymes inability to accommodate 
longer fatty acids at the conical binding site. Accordingly, 
interatomic distances (AM 1 calculations) between tpe car- 
bony1 and omega-moieties showed that 12g (17.59 A), 13e 
(17.47 A), 12i (18.80 A) and 13d (19.42 A) are lon8er than 
the corresponding interatomic distance for 2 (15.1 1 A). 

Other halogenated analogs such as 1 1 -bromoundecanoic 
acid (13c), 12-iodododecanoic acid (12b), 12-bromodode- 
canoic acid (12d), and 12-chlorododecanoic acid (12c) were 
active against C. neoformans and S. cerevisiae. 12-Fluorodo- 
decanoic acid (12a) was a much less active antifungal agent 
compared to the iodo (12b), chloro (12c), and bromo (12d), 

tide catalytic efficiency 70% of that for myristic acid (1) 128 . 

analogs against A. niger (Table 1). A plausible explanation 
for the differences in their relative potency may be due to their 
affinity for the binding site of NMT. It has been suggested 
that specific amino acid residues present in NMT bind to 
specific parts of the fatty acid backbone and that the fatty acyl 
CoA may be rigidly bound by NMT. It is thought that the 
acyl-CoA binding site possesses a complex sensor that meas- 
ures the distance between the carboxyl and the omega end of 
the fatty acid, and the steric volume at the omega terminus['41. 

It has been reported that myristic acid analogs readily 
traverse the cell membrane and act as substrates for NMT. 
For some cellular N-myristoylproteins, incorporation of these 
myristic acid analogs leads to analog-specific and -dependent 
redistribution from membrane to cytosolic fractions. This 
dual level of selectivity (selective incorporation and selective 
perturbation of function) probably accounts for their lack of 
cellular toxicity[']. In vitro cytotoxicity data acquired using a 
KB cell line are in agreement with the reported data since 
none of the myristic acid analogs tested (2, 12d, 12e, 13b, 
14c) exhibited cytotoxicity (TDso = 0.15-0.19 mM). In the 
case of (+)-2-bromotetradecanoic acid (14c), the TDs0 con- 
centration in the KB cell line is 4-12 fold higher (Table 2) 
than its antifungal MIC values in RPMI 1640 growth medium 
(Table 1). 

NMT displays a high degree of specificity for some fatty 
acyl-CoA's in vitro. There was a poor correlation between 
activity in the coupled in vitro NMT assay system and the 
antifungal effect for some of the analogs examined. The lack 
of such a correlation emphasizes the need to compare the 
substrate specificities of the NMT employed with the corre- 
sponding fungal enzyme. This information, together with an 
assessment of the mechanism of analog uptake into the fungi 
and the pathways of their subsequent metabolic processing, 
should allow one to develop systems that will more accurately 
predict the ability of different classes of myristic acid analogs 
to inhibit fungi replication[51. 

In conclusion, an optimal pKa value between 2.9-3.3, and 
a log P value between 6.7-7.3, are required for potent broad 
spectrum antifungal activity against C. albicans, C. neofor- 
mans, S. cerevisiae, and A. niger. The steric volume of 
substituents is likely another important factor that influences 
the binding affinity of the myristic acid analog to the NMT 
binding site. The data acquired can be used to determine 
differences between fungi with respect to the NMT-fatty 
acyl-CoA interaction. Each type of NMT must have specific 
binding sites for interaction with inhibitors, since some fatty 
acids such as 13a, 13b, and 13e lack antifungal activity 
against C. albicans, but were active against C. neoformans. 
The activities of myristic acid analogs in which one or more 
methylene group(s) was replaced by oxygen, sulfur, and/or 
an aromatic ring indicate that fungal NMT exhibits a surpris- 
ing selectivity related to the nature and position of the het- 
eroatom and the position of the aromatic groups. These 
observations suggest that modulation of NMT activity may 
represent a potentially useful strategy for treating fungal 
infections. The utility of myristic acid analogs as therapeutic 
agents will be enhanced by a clearer understanding of their 
uptake, metabolism and incorporation. 
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Experimental 

Melting points were determined with a Buchi capillary ap aratus and are 
uncorrected. Nuclear magnetic resonance spectra ('H NMR, ' C NMR) were 
determined using Me4Si as internal standard ( 'H  NMR) on a Bruker AM-300 
spectrometer. Chemical shifts are given in ppm downfield from tetramethyl- 
silane as an internal standard ('H NMR). The assignment of all exchangeable 
protons (OH, NH) was confirmed by the addition of Dz0. I3C NMR spectra 
were acquired using the J modulated spin echo technique where methyl and 
methine carbon resonances appear as positive peaks, and methylene and 
quaternary carbon resonances appear as negative peaks. High resolution mass 
spectra were determined on an AEI MS 50 spectrometer equipped with a 
Mass Spectrometry Services MASPEC data system. Silica gel column chro- 
matography was carried out using Merck 7734 (60-200 mesh) silica gel. 
Microanalyses were performed by the Chemistry department. University of 
Alberta using an EAl108-Elemental Analyzer, Carlo Erba lnstruments and 
were within rf. 0.4% of theoretical values for all elements listed, unless 
otherwise indicated. Physicochemical properties were estimated using the 
PALLAS computational program. The pKalc 3.1 module estimates acid- 
ity/basicity and calculates pK, values, even for substances that have low 
water solubility or are unstable in water[I6'.The PrologP module was used to 
calculate the log P values for myristic acid analogs and m ristate esters in 
an octanol/water system based on their chemical structure[Y61. The PrologD 
2.0 module was used to predict the lo arithm of the distribution coefficient, 
log D from the compound structure[16! Interatomic distances were measured 
after AM1 calculations using the Hyperchem Reiease 4.0 computational 
program. 

4-Oxatetradecanoic acid (Sb)"', 9-oxatetradecanoic acid (SC)'~', 12- 
methoxydodecanoic acid (12e '41, 12-thioethyldodecanoic acid (12ff4', 12- 
azidododecanoic acid (12i);1231, 1 I -methoxyundecanoic acid (13a)'4i, 
1 1 -thioethylundecanoic acid (13bf4', and (+)-2-fluorotetradecanoic acid 
(14a)"I were synthesized using literature procedures. Myristic acid ( l ) ,  
1 I-bromoundecanoic acid (13c), 12-bromododecanoic acid (12d), (?)-2-hy- 
droxytetradecanoic acid (14b), and (f)-2-bromotetradecanoic acid (14c) 
were purchased from the Aldrich Chemical Co. All other reagents and 
chemicals were obtained from Aldrich unless noted otherwise. RPMI 1640 
media, obtained from the GIBCO BRL Co., was buffered with 0.165 M 
MOPS and sodium hydroxide to adjust the pH to 7.0 at 25 C. Aspergillus 
niger PLM 1140, Candida albicans ATCC 140.73, Cyptococcus neoformans 
KF-33, and Saccharomyces cervisiae PLM 454 were used in the anti-fungal 
screens in  RPMI 1640 growth medium. 

P 

Sodium hydride (5.92 mg, 0.25 mmol, 97%) was added to a solution of 
8-bromo-I-octanoi (5, 1.00 g, 0.82 ml, 4.78 mmol), and the mixture was 
stirred for 0.5 hat  room temperature. Acrylonitrile (6,0.80 ml, 12.05 mmol) 
was added slowly to this mixture during 5 min at 55-60 "C. After stirring for 
3 h at 55-60 "C, and then for 15 h at room temperature, ether (24 ml) was 
added. The organic phase was washed with water (8 ml), brine (8 ml) and 
dried (Na2S04). The residue, which consisted of one major product, was 
purified by silica gel column chromatography using hexane-ethyl acetate, 
80:20 (vh) as eluent to yield 12-bromo-4-oxadodecanonitrile (7) as a liquid 
( I  .06 g, 84.5%) which was used immediately for the synthesis of 12-chloro- 
4-oxadodecanoic acid @a).- 'H NMR (CDC13): 6 1.22-1.48 (br in, 8H, 
methylene envelope), 1.54 (m, J = 6.4 Hz, J = 6.5 Hz, 4H, OCHZCH~), 1.83 
(quint, J = 6.5 Hz, J = 7.2 HI, 2H, CHZCH~B~) ,  2.67 (t, J = 6.3 Hz, 2H, 
CHKN), 3.48 (t, J = 6.5 Hz, 2H, CHzBr), 3.54 (t, J = 6.4 Hz, 2H, CHzO), 
3.61 (t, J =  6.3 Hz, 2H, CH20).- I3C NMR (CDC13) 6 65.1 1 (CHzO), 71.24 
(CH20), 117.79 (CN). 

12-Chloru-4-oxadodecanoic acid (8a) 

A solution of the nitrile (7, 1.06 g, 4.05 mmol) in acetic acid (5 ml) and 
37% (w/v) hydrochloric acid (15 ml) was refluxed for 2 h. After removal of 
the solvent in vacuo, water (50 ml), and then ethyl acetate (150 ml) were 
added to the residue. The organic phase was washed with water (SO ml), brine 
(SO ml), and dried (Na2S04). The residual oil obtained was purified by 
Kugelrohr distillation to afford 8a (0.723 g, 76%).- 'H NMR (CDCI3): 
6 1.22- I .59 (br m, 10H, methylene envelope), 1.69 (quint, J= 7.0 Hz. J= 6.5 
Hz, 2H, CH2), 2.55 (t, J = 6.5 Hz, 3H, CHKO), 3.38 (t, J = 6.5 Hz, 2H, 
CHzO), 3.45 (t, J = 6.5 Hz, 2H, CH2CI), 3.63 (t, J = 6.5 Hz, 2H, CH20), 
11.05 (br s, lH, COOH).- 13C NMR (CDCh) 6 34.74 (CH2CO), 44.92 
(CHzCI), 65.54 (CHzO), 71.04 (CH20), 177.32 (COO).- CI  iH21C103, Anal. 
C. H. 

Methyl 12-hydro.rydodecanoate (10) 

Chlorotrimethylsilane (0.8 1 g, 0.95 ml, 7.45 mmol) was added to a solution 
of 12-hydroxydodecanoic acid (9,OSO g, 2.31 mmol) in dry methanol (12.0 
ml) under a nitrogen atmosphere and the reaction mixture was stirred at room 
temperature for 16 h. Methanol was removed in vacuo and the residue 
obtained was recrystallized from petroleum ether to afford 10 (0.475 g, 
89.2 %) which was used immediately for the synthesis of methyl 12-fluoro- 
dodecdnoate (11); mp 31-32 "C.- 'H NMR (CDC13): 6 1.17-1.3 (br m, 14H, 
methylene envelope), 1.36-1.56 (br m, 4H, CHZCH~OH, CH~CHZCOOM~),  
2.27 (t, J = 7.7 Hz, 2H, CHzCOOMe), 2.3 (s, IH, OH), 3.60 (t. J = 6.5 Hz, 
2H, CHzOH), 3.63 (s, 3H, OCHj).- I3C NMR (CDC13) 6 5 1.36 (Om3), 
62.94 (CHzOH), 174.32 (COO). 

Methyl 12-fluorododecanoufe (11) 

Diethylaminosulfur triflnoride (DAST) (0.61 g, 0.5 ml, 3.78 mmol) was 
added to a solution of methyl 12-hydroxydodecanoate (10, 0.23 g, I mmol) 
in  20 ml anhydrous benzene and the reaction mixture was stirred at room 
temperature for 2 h. The reaction mixture was mixed with 5% sodium 
bicarbonate (20 ml) and extracted with ethyl acetate (3 x 50 ml). The organic 
phase was separated, washed with water, dried (NazSOj) and the solvent was 
removed in vacuo. The residue, which consisted of one major product, was 
purified by silica gel column chromatography using hexane-ethyl acetate, 
70:30 ( v h )  as eluent to yield methyl 12-fluorododecanoate (11) as a liquid 
(0.2 g, 86.2 %) which was used immediately for the synthesis of 12-fluoro- 
dodecanoic acid (12a).- 'H NMR (CDCI?): 6 1.17-1.37 (br m, 14H, 
methylene envelope), 1.47-1.7 1 (br m, 4H, CH2CH2F. CH2CH2COOMe), 
2.23 (t, J =  7.5 Hz, 2H, CHzCOOMe), 3.58 (s, 3H, OCHj), 4.34 (dt, JH,F= 
47.5 Hz, 2H, JCH~,CHZ = 6.3 Hz, CHzF).-I3C NMR (CDC13) 6 33.93 
(CHzCO), 51.20 (OCH3), 83.95 (d, Jc,F= 163.39 Hz, CHzF), 174.08 (COO). 

~2-F/uoro(lodecanoic acid (12a) 

A mixture of methyl 12-fluorododecanoate (11, 0.20 g, 0.86 mmol) in 
dioxane (0.27 ml) and 37% (wh) hydrochloric acid (0.45 ml) was refluxed 
for 2 h. After cooling to room temperature, the mixture was extracted with 
chloroform (3 x 1 ml) and the combined chloroform solutions were extracted 
with 10% (w/v) aqueous potassium hydroxide solution (5 ml). The combined 
alkaline solutions were washed with diethyl ether (3 x 1 mi) and acidified 
with concentrated HCI. The carboxylic acid which separated was taken up 
in chloroform (10 ml) and the chloroform solution was dried (NazS04). The 
solvent was removed in vacuo and the residue obtained, which consisted of 
one major product, was purified by silica gel column chromatography using 
hexane-ethyl acetate, 80:20 ( v h )  as eluent. Recrystallization from petroleum 
ether yielded 12-fluorododecanoic acid (12a, 0.122 g, 65%); mp 59-60 "C 
(l i t[ ']  59.5-61 "C).- 'H NMR (CDC13): 6 1.10-1.40 (br m, 14H, methylene 
envelope) 1.46-1 30  (br m, 4H, CHZCH~F, CHzCHzCOOH), 2.28 (t, J = 7.3 
Ha, 2H, CHzCOOH), 4.36 (dt, JH.F= 47.4 Hz, JcH~.cH~= 6.3 Hz, 2H, CHzF), 
10.00 (br s, lH, COOH).- I3C NMR (CDC13) 6 33.96 (CH2CO), 84.17 (d, 
Jc,F= 164.73 Hr, CHzF), 179.77 (COO).- I9FNMR (CDC13) 6 56.79 (dddd, 
J,,, = 47.4 Hz, Jvic = 24.4 Hz, IF, CH2F'). 
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12-Iodododecunoic ucid (12b) 

A mixture of 12-bromododecanoic acid (12d, 0.25 g, 0.9 mmol) and 
sodium iodide (0.403 g, 2.7 mmol) in dry acetone (7.0 ml) was stirred for 18 
h at room temperature. The solvent was removed in vucuo, the residue 
obtained was dissolved in water (60 ml) and extracted with chloroform (3 x 
60 ml). The combined extracts were dried (NazS04), and the solvent was 
removed in vucuo. The residue obtained was recrystallized from petroleum 
ether to afford 12b (0.276 g, 95%); mp 62-63 "C (lit.[241 61-62.5 "C).- 'H 
NMR (CDC13): 6 1.14-1.44 (hr m, 14H, methylene envelope), 1.54 (quint, J 
= 7.7 Hz, J =  7.1 Hz, 2H, CH~CHZCOOH), 1.74 (quint,J= 7.1 Hz, J =  6.6 
Hz, 2H, CHzCHzI), 2.36 (t, J = 7.1 Hz, 2H, CHzCO), 3.20 (t, J = 7.1 Hz, 2H, 
CHzI), 10.3 (br s, IH, COOH).- "C NMR (CDC13) 6 7.19 (CH2I), 34.05 
(CH2CO), 180.17 (COO).- CizH23102, Anal. C, H. 

(f)-2-Iodotetruclecunoic ucid (14d) 

A mixture of (*)-2-bromotetradecanoic acid (14c, 0.50 g, 1.63 mmol) and 
sodium iodide (0.729 g, 4.86 mmol) in dry acetone (12.7 ml) was stirred for 
18 h at room temperature. The solvent was evaporated in vucuo, the residue 
was dissolved in water (60 ml) and extracted with chloroform (3 X 60 ml). 
The combined extracts were dried (NazSOd), filtered, and the solvent was 
removed in vucuo. The residue was recrystallized from petroleum ether to 
afford 14d (0.48 g, 83.3%); mp 4 7 4 8  T- 'H NMR (CDC13): 6 0.88 (t. J =  
7.0 Ha, 3H, CHj), 1.2-1.5 (br m, 20H, methylene envelope), 1.92-2.4 (m, 
2H, CH2CHICOOH), 4.31 (t. J = 7.5 Hz, 2H, CHI), 9.3 (br s, lH, COOH).- 
I3C NMR (CDCI3) 6 14.10 ( C H 3 ) ,  20.13 (CHI), 35.81 (CHzCHI), 177.35 
(COOH).- MS (70 eV) m/z (%) = 354 (3) [M'], 227 (57) [M+- 17,209 (22) 
[M+ - H20 - 17,57 (89) IC4Hs+], 55 (100) [C4H7+]. 

12-Chlori~dodecanoic ucid (12c) (t)-Z-Chloroietrudecunoic acid (14e) 

Nitric acid (70% wh, 2.2 ml) was added to a mixture of hydrochloric acid 
(37% w/v, 1 .5 ml) and 12-iodododecanoic acid (12b, 0.20 g, 0.61 mmol) at 
15-20 "C. The reaction was allowed to proceed at 15-20 "C with stirring for 
2 h, the precipitated elemental iodine was filtered off and the filtrate was 
poured onto ice (1.0 g). The aqueous layer was extracted with methylene 
chloride (3 x 3 ml), the methylene chloride extract was washed consecutively 
with water, a 2% (wh) aqueous Na2S203 to remove iodine and with water. 
The organic phase was dried (NarS04) and the solvent was removed in vacuo 
and the residue obtained, which consisted of one major product, was purified 
by silica gel column chromatography using hexane-ethyl acetate, 80:20 ( v h )  
as eluent to yield 12c (0.096 g, 66%); (mp 42 .543  "C) (lit.'*'' 4 3 4 4  "C).- 
'HNMR (CDC13): 6 1.18-1.46(brm, 14H,methylencenvelope), 1.52(quint, 
2H, CHz), 1.73 (quint, 2H, CHz), 2.32 (t, J =  7.5 Hz, 2H, CH2CO), 3.50 (t, 
J =  6.9 Hz, 2H, CHzCl), 10.94 (hr s, IH, COOH).- I3C NMR (CDC13) 6 34.02 
(CH2CO), 45.15 (CHzCI), 180.10 (COO).- C12HzsC10~.1/4 H20, Anal. C, 
H. 

12-Phenoxydodecunoic acid (12i) 

Phenol (0.17 g, 1.81 mmol) was dissolved in ethanol (19 ml) and potassium 
hydroxide (0.23 g, 4.10 mmol) was added. 12-Bromododecanoic acid (12d, 
0.50 g, 1.79 mmol) was dissolved in ethanol (10 ml) and added to the first 
solution under a nitrogen atmosphere. The reaction mixture was refluxed 
under nitrogen for 4 h, acidified with a solution of 37% ( w h )  hydrochloric 
acid (10 ml) in water (100 ml) and the solvents were removed in vncno. The 
residue was dissolved in water (50 ml), extracted with chloroform (3  x 
60 ml), the organic phase was dried (Na2S04) and the solvent was removed 
in vucuo. The residue obtained was recrystallized from petroleum ether-ethyl 
acetate to give crystals which consisted of one major product that was 
purified by silica gel column chromatography using hexane-ethyl acetate, 
80:20 ( v h )  as eluent to yield 12-phenoxydodecanoic acid (12i) which was 
recrystallized from hexane (0.50 g, 95.5 %); mp 7 6 7 7  "C.- 'H NMR 

Nitric acid (70% w/v, 4.11 ml) was added to a mixture of 37% ( w h )  
hydrochloric acid (2.8 ml) and (k))-2-iodotetradecanoic acid (lad) (0.41 1 g, 
1.16 mmol) at 15-20 "C and the mixture was stirred at this temperature for 
2 h. The precipitated solid, which was filtered off, consisted of one major 
product that was purified by silica gel column chromatography using hex- 
ane-ethyl acetate (70:30, v/v) as eluent to yield 14e (0.087 g, 28.5%); mp 
4 3 4 4  "C (lit.[261 mp 4 1 4 2  T ) . -  'H NMR (CDC13): 6 0.90 (t, J = 7.0 Hz, 
3H, CH.?), 1.2-1.6 (br m, 20H, methylene envelope), 1.90-2.16 (m, 2H, 
CHzCHCICOOH), 4.33 (dd, J = 6.0 Hz, J = 8.1 Hz, 2H, CHCI), 10.0 (br s, 
lH, C0OM.- I3C NMR (CDCI3) 6 14.09 (CH3), 34.77 (CH2CHC1), 57.09 
(CHCI), 174.99 (COOH). 

(k)-2-Bromotetrudecunoute Esters: Generul Synthesis 

Chlorotrimethylsilane (0.47 g, 0.52 ml, 4.32 mmol) was addedto a solution 
of (+)-2-hromotetradecanoic acid ( 1 k  0.392 g, 1.28 mmol) in dry alcohol 
(6.62 ml) under a nitrogen atmosphere and the mixture was stirred at room 
temperature for 16 h. The solvent was removed under reduced pressure and 
the residue obtained consisted of one major product that was purified by silica 
gel column chromatography using hexane-ethyl acetate (70:30, v/v) as eluent 
to yield the ester product as a liquid. 

(?)-Methyl 2-hromotetrudecunoute (15a) 

The method described above was carried out using dry methanol to yield 
15a (0.377 g, 92%) as an oil.- 'H NMR (CDC13): 6 0.85 (t, J =  7.0 Hz, 3H, 
CHj), 1.16-1.50 (br in, 20H, mclhylene envelope), 1.88-2.12 (br m, 2H, 
CHrCHBr),3.75(~,3H,OCHj),4.18(t,J=7.3Hz, IH,CHBr).-"CNMR 
(CDCI3) 6 14.03 (CH3), 34.88 (CHzCHBr), 45.64 (CHBr), 52.73 (OCH3), 
170.27 (COO).- MS (70 eV) m/z (%) = 321 (10) [M'], 241 (64) [M+- Br'], 
87 (100) [C4H702+], 55 (62) [C4H7+]. 

envelope), 2.37 (t, J = 7.5 Hz, 2H, CHzCO), 3.88 (t, J = 6.5 Hz, 2H, CHZO), 
6.86-7.00 (m. 3H, aromatic), 7.23-7.60 (m, 2H, aromatic), 10.30 (br S, 1H, 
COOH).- I3C NMR (CDC13) 6 34.05 (CH2CO), 67.83 (CHrO), 1 14.48 
(aromatic C), 120.40 (aromatic C), 129.33 (aromatic C), 159.10 (aromatic 
C), 180.22 (COO).- C18H2803'1/2 H20, Anal. C, H. 

The general synthetic method described above using dry ethanol afforded 
15b (0.307 g, 72%) as an oil.- 'H NMR (CDC13): 6 0.87 (t, J =  6.8 Hz, 3H, 
CH3), I ,  18-1.52 (br m, 23H, methylene envelope, OCH2CH3), 1.88-2.14 (br 
m, 2H, CHzCHBr), 4.21 (t, J = 7.3 Hz, IH, CHBr), 4.21 (q, J = 7.3 Hz, 2H, 
OCHKH?).- I3C NMR (CDCI?) 6 13.92 (CH?). 14.06 (CHI), 34.86 

I I -(4-Iodophent~xy)undecunoic acid (13d) 

The same procedure used for the synthesis of 12i, but using 4-iodophenol 
in the place of phenol and 11-bromoundecanoic acid (13c) in place of 
12-bromododecanoic acid (12d) afforded 13d (0.147 g, 43.2%); mp 90- 
91 T- 'H NMR (CDC13): 6 1.22-1.50 (br m, 12H, methylene envelope), 
1.63 (quint, J = 7.2 Ha, J = 7.2 Hz, 2H, CH2), 1.76 (quint, J = 7.2 Hz, J = 6.6 
Hz, 2H, CHr), 2.35 (t, J = 7.2 Hz, 2H, CHrCO), 3.90 (t, J = 7.2 Hz, 2H, 
CH2O), 6.66 (m, J ortho = 8.8 Hz, Jmetu = 3.5 Ha, 2H, aromatic), 7.53 (in, 
Jortho = 8.8 Hz, Jmeta = 3.5 Ha, 2H, aromatic), 9.25 (lH, br s, COOH).- 

C NMR (CDC13) 6 33.99 (CH2CO), 68.1 1 ( C H 2 0 ) ,  82.39 (aromatic C), 
116.96 (aromatic C), 138.15 (aromatic C), 159.03 (aromatic C), 179.85 
(COO).- C17H25103, Anal. H: Calcd. for C, 50.51; found, 50.99. 

13 

- -, . ., 

(CH2CHBr),46.15 (CHBr), 61.80 (Om3), 169.86 (COO).-MS (70eV)dz  
(%)=335 (11) [Mf],255 (71) [M+-Br'], 237 (7) [M+-HzO-Br'], 101 
(54) [CsH902+], 69 (50) [CjHs'], 55 (100) [C4H7+]. 

(f)-Isopropyl2-hromotetrudecanoute (1%) 

The same procedure using dry isopropyl alcohol gave 1% (0.407 g, 92%) 
asanoil.- 'HNMR(CDC13)60.88(t,J=6.0Hz,3H, CHj), 1.16-1.52 (brm, 
methylene envelope, 26H, OCH(CHj)z), 1.88-2.13 (br m, 2H, CHKHBr), 
4.16 (t, J = 7.3 Hz, 3H, CHBr), 5.06 (sept, J = 6.0 Hz, lH, OCH(CH3)2).- 
I3C NMR (CDC13) 6 0.95 ( C H 3 ) ;  14.05 ( C H 3 ) ,  34.83 (CHKHBr), 46.56 
(CHBr), 69.35 (OCH(CH3)2), 169.32 (COO).- MS (70 eV) m/z (%) = 349 
(2) [M'], 306 (25) [M'-isopropyl'], 269 (21) [M+-Br'], 227 (65) [M-Br' 
- CIH~'], 57 (100) [C4H9+], 55 (89) [CdH7+]. 
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Toxicity Assays 

In  i,ifro KB cell cytotoxicity (TDso, yg/ml) was determined for a f c n  
compounds by the tetrazolium salt (MTT) method which involves conversion 
of MTT to colored formazan, according to the Hansen et al. procedure'*". 

In Vitro Antifungal Assay 

The broth dilution method reported by Barchiesi er id. was used for 
determination of minimum inhibitory concentration (MIC values)"". 
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