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A series of 15 2-fluoro fatiy acids to a chain length of 20 carbon atoms was prepared by fluorination of the ap-

propriate alkylmalonic ester by means of perchloryl fluoride followed by acid hydrolysis.

The antifungal activity

of these compounds was determined in parallel with the corresponding nonfluorinated analogs against four fungi:

Aspergillus niger, Trichoderma viride, Myrothecium verrucaria, and Trichophyton mentagrophytes.

Both series of

compounds were about equaily active, except that the nonfluorinated fatty acids showed maximal activity at
chain lengths of 4-10 carbon atoms, whereas the 2-fluoro fatty acids were most active at chain lengths of 8-14 car-

bon atoms.

The antifungal activity of fatty acids has been recog-
nized for many years.?~* The preceding authors and
others’=8 have demonstrated that the fungitoxicity of
these compounds is dependent on chain length, con-
centration, and pH of the medium. Several materials
which act as protective agents against the antimicrobial
action of the fatty acids include serum albumin, starch,
cholesterol, lecithin, saponin, and charcoal.?  Although
a completely satisfactory explanation of the mode of
action of these compounds has not yet been presented,
the evidence!® seems to indicate that growth inhibition
is due to alteration in cell permeability.

As a result of our earlier work,'! the 2-fluoro fatty
acids to 2-fluorohexanoic acid were available for fur-
ther study. A eritical examination of the preparation
of 2-fluoro fatty acids was reported by Pattison, et al.*?
Of the fluorination procedures studied, the method of
Inman, et al.,*® in which methylene groups could be
fluorinated by perchloryl fluoride in the presence of
strong base, was considered least satisfactory, due to
difficulties in separating fluorinated from nonfluorinated
compounds and due to low over-all vields. A recent
reinvestigation of the action of perchloryl fluoride on
diethyl malonate by Gershon, et al.;! revealed that
when perehloryl fluoride reacted with active methylene
groups in the presence of aleohol, the alcohol took part
in the reaction, causing alkylation of the methylenc
group, presumably due to the formation of alkyl per-
chlorate, which acted as the alkylating agent. Thus,
a number of side products resulted in addition to the
desired fluorinated esters.  The side reactions were
eliminated by conducting the fluorination of the sodio
esters, formed by means of sodium dispersion, in dry
toluene. In this manner, fluorinated esters were ob-
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tained in good vield, which on hydrolysis afforded 2-
fluoro fatty acids, with a minimum of purification.

In order to compare the antifungal activity of 2-
fluoro fatty acids with the nonfluorinated fatty acids,
additional members of the fluoro fatty acid series were
prepared by fluorinating the sodio salts of allylated
malonie esters i dry toluene by means of perchloryl
fluoride, according to Scheme 1.
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Of the 28 compounds prepared, the fluoromalonie
esters Ih—d'? were previously prepared and charae-
terized, and Ia and Im?!? were prepared but not charac-
terized. In the 2-fluoro fatty acid series, ITa,'hr21
Iib,tt128 [T¢ and IId,'"'% and Ile, ITf, ITh, and ITm'*
were previously reported. The pertinent data on the
fluoromalonic esters (I) and 2-fluoro fatty acids (II) wue
contained in Tables I and II, respectively, and the in-
frared spectra of these compounds show that the #,,.” for
the malonic esters ranges between 1750 and 1765
em™ and between 1710 and 1740 em—! for the fluoro
fatty acids.

The fluorinated fatty acids, Ila~m and fluoroacetic
acid were screened in parallel with the corresponding
nonfluorinated fatty acids against three fungi, Asper-
gillus niger, Trichoderina viride, and M yrothecium verru-
carta, in Sabouraud dextrose agar (Difco) ot pH 5.6
and pH 4.0. Spores of the various organisms were
exposed to three concentrations of each test compound,
10%, 103, and 102 wg/ml for 5 duys at 28°. Records of

LD B Gryszkiewics-Trochimowski and O, Gryszkiewiez-Trochimowski,
Bull, Soc. Clidm, France, 928 11849);  Chem. Abstr., 44, 3884 (19501,
(15) W. Bockemiiller, J1an., 606, 20 (1933).
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TasLe 1
DigTHYL ALKYLFLUOROMALONATES (I)
RCF(COOC.H:;):

Compd Yield, Caled, % Found, $p—————
1 R % Bp (mm), °C nip Formula C H F C H F
a® CH; 84 47 (55) 1.3986 CsHi3FO, 50.00 6.82 9.89 50.44 6.65 9.83
e C:Hy 75 94-95 (1.1) 1.4169 C1HnFO, 58.05 8.53 7.65 58.32 8.31 7.93
f CeHis 70 104-105 (1.15) 1.4199 CisHopsFO, 59.52 8.84 7.24 59.88 8.88 7.39
g C:Hy; 64 105 (0.55) 1.4224 CiHaF O, 60.85 9.12 6.88 61.34 8.86 7.09
h CsHyz 64 114-115 (0.55) 1.4254 Ci;:HyFO, 62.05 9.37 6.54 61.88 9.24 6.49
i C¢Hiqg 57 122 (0.55) 1.4278 CisHgoF Oy 63.13 9.60 6.24 63.01 9.94 6.19
j CioHn 71 143 (0.90) 1.4287 CiyHuFOy 64.12 9.81 5.97 64.20 9.82 5.95
k CioHys 87 162 (1.1) 1.4328 CyoHgFO, 65.86 10.18 5.48 66.06 10.13 5.56
1 CuHao 89 164-166 (0.50) 1.4358 CuH3F Oy 67.34 10.50 5.07 67.69 10.55 5.37
m¢ CreHss 89 168-169 (0.55) 1.4394 CusHFO, 68.61 10.77 4.72 68.67 10.62 4.93
n CisHyr 89 199 (0.40) CoHyFO, 69.73 11.00 4.41 69.90 10.87 4.51

« Compound mentioned but not characterized in ref 12, ® Mp 31-32°.

TasLe II
2.FLvoro Farry Acips (I1)
RCHFCOOH

Compd Yield, Neut equiv Caled, % Found, 9f-—————
I R Yo Mp, °C Formula Caled Found C H F C H ¥
g C:Hys 84 52.5-53.5 CoHi:FO» 177 177 61.00 9.67 10.72 61.44 9.44 10.61
ie CoHio 73 61-62 CuHAFO, 204 203 64.67 10.36 9.30 64 .87 10.62 9.20
ik CioHoy 85 69-70 Ci:HyFO, 218 218 66.02 10.62 8.70 66.11 10.52 8.56
ke CreHos 37 75-76 CuHxFO, 246 246 68.35 11.05 7.71 68.04 11.10 7.53
le CuHag 43 82-83 CisHaF O, 274 275 70.03 11.39 6.92 70.08 11.57 7.03
ne CisHy 61 89.5-90.5 CaHs3FO2 331 336 72.68 11.89 5.75 72.83 i1.61 5.94

a Crystallized from acetone-water mixture. °® Crystallized from benzene. ¢ Crystallized from benzene-petroleum ether (bp 40-60°)

mixture.

growth or absence of growth were tabulated, and the
data were weighted by calculating the antifungal spec-
trum index which is defined as the total number of levels
of inhibition multiplied by the number of organisms in-
hibited within the defined system. This constant was
previously employed and discussed by Gershon and
Parmegiani'® and Gershon, Parmegiani, and Nicker-
son.’” The antifungal data on the nonfluorinated and
2-fluorinated fatty acids are summarized in Table III.

The data confirm, in general, that the antifungal ac-
tivity of the nonfluorinated fatty acids is dependent on
chain length, and that activity increases with a decrease
in pH of the medium. The same generalizations hold
true for the fluorinated fatty acids, except that a longer
chain length is required for comparable activity.
Whereas, in this test system, the nonfluorinated fatty
acids are most active at chain lengths of 4-10 carbon
atoms, the fluoro fatty acids are most active at chain
lengths of 8-14 carbon atoms. Since the pK, values
of the 2-fluoro fatty acids are generally 2 units lower
than those of the nonfluorinated fatty acids, it appears
that the pK, of the fatty acid does not play an impor-
tant role in its antifungal activity.

To examine the effect of adsorbents on the antifungal
activity of these compounds, the pathogenic fungus
Trichopyton mentagrophytes was employed as the test
organism. The medium used was Sabouraud dextrose
agar enriched with 109, beef serum (Difco) at pH 5.6
and 7.0. The antifungal results are summarized in
Table IV. It was also confirmed that beef serum has a
deactivating effect on the nonfluorinated fatty acids as

(18) H. Gershon and R. Parmegiani, Appl. Microbiol., 10, 348 (1962).
(17) H. Gershon, R. Parmegiani, and W. J, Nickerson, ibid., 10, 556
(1962).

TasLe III
ANTIFUNGAL ACTIVITY oF FarTy Acips AND 2-FLrono Farry
Acips at pH 3.6 anp pH 4.0

Levels of inhib Anti-
——-at pH 5.6%——— fungal

Levels of inhib Anti-
—~—-at pH 4.0%--—— fungal

M. spec- M. spec-
A. T. verru-  trum A. T. verru-  trum
R niger viride caria  index? miger viride caria index”
RCH:COOH
H 1 1 1 9 1 2 2 15
CHs 1 1 1 9 1 2 2 15
C:Hs 1 2 2 15 1 3 3 21
CsHz 1 2 2 15 2 3 3 24
CH' 1 2 2 15 1 3 3 21
CsHut 1 2 2 15 2 3 3 24
CeHis 1 2 2 15 2 3 3 24
CiHis 2 2 2 18 2 3 3 24
CsHuir 1 3 3 21 0 3 3 12
CoHuo 0 2 3 10 0 3 3 12
CroHa 0 0 0 4] 0 1 3 1
CrzHe 0 0 0 0 0 0 0 0
CraHus 0 0 0 0 0 0 0 0
CisHss 0 0 0 0 1] 0 0 0
CisHa 0 0 0 ] 0 0 0 0
RCHFCOOH
H 0 0 0 0 0 0 1 1
CHs 0 0 0 0 0 1 1 4
C:2Hs 0 0 1 1 0 1 1 4
CsHr 0 1 1 4 1 1 2 12
CsHoe 0 0 1 1 1 1 2 12
CsHut 0 0 0 0 1 1 2 12
CsHis 1 1 1 9 1 3 3 21
CrHn 1 2 2 13 2 3 3 24
CsHir 1 2 2 15 2 3 3 24
CoHus 1 3 3 21 3 3 3 27
CioHa 1 2 2 13 1 3 3 21
Ci2Ha 1 1 1 9 1 2 2 15
C1sHas 0 0 0 0 0 0 0 0
Crstlas 0 aQ 4] 0 ¢} 0 0 0
ChsHar 0 0 0 0 0 0 0 0

a Compounds incorporated in test medium at 104, 103, and 10?2
wg/ml; 3 = inhibition at all levels of compound, 2 = inhibition
at two highest levels, 1 = inhibition at highest level only. °* Anti-
fungal spectrum index = total number of levels of inhibition
multiplied by number of organisms inhibited.
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Tasue I
COMPARISON OF ANTIFUNGAL ACTIVITY OF SELECTED
2-FLUORINATED WITH NONFLUORINATED FATTY ACIDS AGAINST
1. mentagrophyies v pH 5.6 w80 7.0 IN SaBotRAUD
DEXTROSE AGAR IN THE PRESENCE AND ABSENCE OF
BEEF SERUM AFTER 5 D ays vp 287
Levels of inkah?

pil 56 pll 7.0
R ~ serim 4+ =erum ~ =erim +osernm

RCH.COOT

(‘A}Il]:‘ ‘) :; :; :,’v
il 3 B 3 3
oIy 3 B 3 2
Cylly 3 2 3 2
'yt 2 2 3 2
Call .
RCHFCOOH

Celliy .

G5y, 2 2 2 2
Collyy §) 2 2 2
Collye B 2 3 2
(‘1\‘”31 3 3 3 2
Crll 3 2 3 2

9

+ Compounds incorporated in test meditm ai 107, 103, and 102
wg/ml: 3 = inhibition at all levels of compound, 2 = inhibition
at 2 highest levels, 1 = inhibition at highest level only.,

well as on the 2-fluoro fatty acids, and that deactivation
is greater at pH 7.0 than at pH 5.6.

[t ean be said, in general, that the antifungal activity
of the 2-fluoro fatty acids parallels that of the non-
fluorinated fatty acids.

Aw systemic antifungal agents, the fatty acids, in
spite of their low order of toxicity, have been ineffee-
tive.  This may be due to their being readily metab-
olized by the host through the usual fatty acid path-
ways.  They may be esterified to form glycerides and
may be degraded to small fragments by 8 oxidation.
Asamli, ¢f al.,'® have recently demonstrated that 11-iodo-
10-undecenoice acid is esterified, in part, in the rat to a
glyceride.  Although the eoffect of fluorine in the 2
position of fatty acids on esterification has not vet been
reported, these fatty acids are believed not to undergo
B oxidation? and, consequently, show comparatively
little toxicity.  Thus the 2-fluoro fatty weids possess at
least one potential advantage over the nonfluorinated
analogs which would be usetul for syvstemic antifungal
activity.

Experimental Section

Chemical.’®*  Diethyl Dodecylfluoromalonate (Ik).—-Sodium
dispersion?® (9.3 g, 0.405 g-atom of sodium) was suspended in

(18) Y. Asami, H. Kusakabe, \. Eriguchi, K. Amemiyva, M. Itabe, \.
Ueno, G. Saito, N, Sakai, Y. Momoki, and Y. (¢, Tanaka, Rila Galw Ken-
kyusho Holokw, 41, 259 (1963);  Chem. Abstr., 64, 18271 (1086).

(149) Melting points were taken in a Mel-Temp rnelting point apparatus
and are uncorrected. Infrared data were obtained with a Perkin-Elmer
Model 221 spectrophoiometer, and vefractive indices were taken in a Bausch
und Lomb, Abbe-3L refractometer.  The synthetic procedures are genceral,

Vol 10

SO0 b of drey toluene and was tirated with U g 000 ales of
diethy]l dodeeyimalonate22t 0 Peorehiloryl fluoride o415 g
400 moled was added 1o the well=<tireed suspenston i rapid
strean, keeping the temperature at 100157 Dy means of an dce
hatle, Upon completion of addition of the gas, the morganie
materials were removed by filtration, aud the toliene was flash
The restdue was hltered through
The vield of produet was

evaporated nnder vacaun,
fine sintered-glass filter and distitled.
122 0 (8T, 00 hp 200 207° 010 gy, n¥n A3 LG,
2-Fluorotetradecanoic Aecid (IIk). A mixture of 39 g 017
moler of diethyl dodecvifluoromalonate o1k and 200 ml of
concentrted THCT was heated under reflux overnight. The
product was extracted with ether, and the ether was flash evapo-
rited. The residue was dissolved in benzene and freed of water
by azeotropie distillation and then taken to dryness by flash
evaporation.  The vield of fluorinated faty acid was 155 g
3T, mp T3S TSNS

Antifungal Assay. Buffers.®--T'he following buffers were
cmploved: pll 4.0, Sorensen’s clvte TTCL badfers pll 5.6,
Sarensen’s vitrate NaOTE halter: pll 7.0, phosphate baffer,

Media. Subouraud destrose agar at pHl 56 was prepared
the appropriate bulter to 607 of Tt= final volunie and wuto-
claved ar 13 Wb/ for 15 mins Test componnds were dis-
solved or su=pended e 505 ml of water at sueh concentrations
e to vield 107 105 and 102 ge/ml when dilated 1o 10 ml The
mixtures were adjusted 1o pH 5.6 with 100, NaOF, dilured 1o
4.0 ml, and sterilized by autoclaving.  Six milliliters of medinm
was mixed with £ ml of test compound, while keeping the rem-
perature of both between 50-60°, The mixtures were poured in
equal portions into three chambers of quadrant. Petri plates,
and, after havdening, each portion of wedinm was inoculated
with T drop of <pare suspension containing 6 X 108 spores/ml
of the respective organisim: Ao wiger, T rivale, and M. vecruearia,
After 5 day= 1t 287 growth or absence of growth was recorded.

At pll 4.0, Sabouraud dextrose broth i Difeo) was dissolved in
the butfer, and the dextrose concentration was doubled to bring
it to the level of Rabourand dexirose agar before dilnting to 300,
of the final lguid volume,  An equal volinme of a =olution of
agar (Difeo) in water was prepared to contain suflicient agar 1o
vield o 1.5 solution at irs final dilution.  Text compounds were
prepared as previonsly deseribed. Al three liquids were steril-
ized by autoclaving, and, while still hot, the Sabouraud dextrose
broth =olntion was mixed with the agar solution, and the Petri
plates were prepared and treated as above. This procedure was
necessary at the low pll becanse. under these acid conditions,
agar will hydrolyze and will not set on cooling.

At pH 7.0 Sabowraud dextrose agar was dissolved 11 the proper
Buffer 1o 607, of it Hoal volume, and where 107, beel serim was
uzed, 10 was added aseptically 1o the medinm prepared (o 507,
of 1t final volume,  Petri plites were prepared as deseribed and
inocubated with T drop ol ao spore suspension of T mentagrophies
containing 6 < 108 spore~/mi and treated as above. This or-
ganisn was also tested s pll A6 00 o similar manner.

and the Tower alky bnalonie exters 1o pentyl were convuercially available.
Where the alkyl wronps were hexyl to oetadecyl, the esters were prepuaresd
according (o the method of Rothstein,  Although the tetradeev],® hexu-
deceyl 2 and octadecy]?? psters were now reported by Rothstein, the com-
ponnds were known,

1200 B Rothstein, Bwdis Soe, Clane, Fraoee, 13] 2, SO 019351,

i21y 1o, Chareaff, Ber., 66B, 745 119:32),

122y (GRS Rkinner and AL DL Swwart, S Ame Chene, Noe., 63, 2093 (1441,

123) Purchased from Gray Chemical Co.o Gloucester, Mass., as 50
sodium in mineral spirit-.

2240 The end point of the tirration was determined by cessation of hydro-
sen evohition, ~ince there wax no way 1o measure the exact quantity of
=odin 1o be transferved, A slight excess of the malonic ester was always
employed vo ensure conmplete ntilization of the sodiam.

(25) WL ML Clark, ©'The Determination of tHydrogen lons,”" 3rd ed Fie
Willimns & Wilkins Co., Baltimore, Md,, 1028,



