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A zeries of 15 2-fluoro fatty acils to a chain length of 20 carbon atorus was prepared by fluorination of the ap-

propriate alkylmalonic ester by meaus of perchlovyl flunride followed by acid hydrolysis.

The autifungal activity

of these compounds was determined in parallel with the corresponding nonfluorinated analogs against fonr fuugi:

Aspergillus niger, Trichoderma viride, Myrothecium vercucaria, and Trirhophyton mentagrophytes.

Both series of

componuds were about equally 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 ca-

bon atonis.

The antifungal activity of fatty acids has been recog-
nized for many years.2—*  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 mediunm.  Several materials
which act as protective agents against the antimicrobinl
action of the fatty acids melude 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 evidencel® seems to indicate that growth inhibition
i due to alteration in cell permeability.

As o result of our earlier work,'! the 2-fluoro fatty
acids to 2-fluorohexanoic acid were available for fur-
ther study. A ceritical examination of the preparation
of 2-fluoro fatty acids was reported by Pattison, et al.!?
Of the fluorination procedures studied, the method of
Inman, ef ol.,** in which methylene groups could be
fluorinated by perchloryl fluoride in the presence of
strong bnse, was considered least satisfactory, due to
difficulties in separating fluorinated from nonfluorinnted
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 perchloryl fluoride reacted with active methylene
groups in the presence of alcohol, the alecohol took part
in the reaction, causing alkylation of the methylene
group, presumably due to the formation of alkyl per-
chlorate, which acted as the alkyvlating agent.  Thus,
a number of side products resulted in addition to the
desired fluorinated esters. The side reartions woere
climinated by conducting the fluorination of the sodio
esters, formed by means of sodium dispersion, in dry
tohiene,  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 alkylvted
malonie esters in dry toluene by means of perchloryl
fluoride, according to Scheme I,

SCHEME 1

COOCI COOC1,T
' Na twoluene) 'l (et
lf(?ll —— RC ——
COOCsIL, COOCAI,
COOC.I,
] 1na
l{,(‘!F —>  RCIHCOO!L]
COOC,II, I
I 11

L, = Gl
L= CyHy

(&N ll = (,‘3”; j, = (j|ﬂllg|
AR o= Gyl kR o= Culla
e, f = C:,Hu l, { = C|4I'l:-4
, I} = Celln i, 1= CieHu
g, B = :He no = Cylly

Of the 25 vompounds prepared, the fluoronulonie
wters Th—d! were previously prepared and charue-
terized, and Ta and Im!* were prepared but not charace-
terized.  In the 2-fluoro fatty acid scries, Ila, 'ttt
IIbh, 'z [T and IId, 'V and Ile, IIf, ITh, aud IIm'
were previously reported. The pertinent data on the
fluoromalonic esters (I) and 2-fluoro fatty wcids (IT) are
contained in Tables I and II, respectively, and the in-
frared spectra of these compounds show that the v),” for
the malonic esters ranges between 1750 and 1765
em™! and between 1710 and 1740 cm~* for the fluoro
futty acids.

The fluorinated fatty acids, ITa—m and fluoroacetic
acid were screened in parallel with the corresponding
nonfluorinated fatty acids against three fungi, Asper-
gillus niger, Trichoderma viride, and M yrotheciuin verru-
carta, in Sabournud dextrose agar (Difco) ot pH 5.6
and pH +.0. Spores of the various organisms were
exposed to three concentrations of each test compouuul,
104, 10%, and 10? pg/ml for 5 duys at 258°0 Records of

Ll L Gievszkiewiez-Trouhimuwski aud O, Uievszkiewiez=Treehiowski,
Boll, Sve. Chiae, Frrovgee, D28 (1010 Chepn hste,, 44, 8881 (10505,
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TasLe 1
DIETHYL ALKYLFLUOROMALONATES (I)
RCF(COOC.H;).

Cowpd Yield, Caled, % ¥ound, % —
I R % Bp (mm), °C n¥p Formula C H F C H F
a CH; 84 47 (55) 1.3986 CsHisFO, 50.00 6.82 9.89 50.44 6.65 9.83
e CsHuy 75 94-95 (1.1) 1.4169 CHuFO, 58.05 8.53 7.65 58.32 8.31 7.93
f CeH s 70 104-105 (1.15) 1.4199 Ci3HF O, 59.52 8.84 7.24 59.88 8.88 7.39
g C:Hs 64 105 (0.55) 1.4224 C\HxFO, 60.85 9.12 6.88 61.34 8.86 7.09
h CsHis 64 114-115 (0.55) 1.4254 C;:HxFO, 62.05 9.37 6.54 61.88 9.24 6.49
i CHis 57 122 (0.55) 1.4278 CisHaoFO, 63.13 9.60 6.24 63.01 9.94 6.19
j CoHyn 71 143 (0.90) 1.4287 CyHaFO, 64.12 9.81 5.97 64.20 9.82 5.95
k Ci.Hys 87 162 (1.1) 1.4328 CoHy:FOy 65.86 10.18 5.48 66.06 10.13 5.56
l CuHag 89 164-166 (0.50) 1.4358 CuHsF Oy 67.34 10.50 5.07 67.69 10.55 5.37
m* CieHss 89 168-169 (0.53) 1.4394 Ci3H s FO, 68.61 10.77 4.72 68.67 10.62 4.93
n CiHg 89 199 (0.40) Cy:HitFO, 69.73 11.00 4.41 69.90 10.87 4.51

¢ Compound mentioned but ot characterized in ref 12. ® Mp 31-32°,

TasLe 11
2-FLvoro Farry Acips (I1)
RCHFCOOH

Cumpd Yield, Neut equiv Caled, % Found, % —_—
11 R % Mp, °C Formula Caled Found C H F C H ¥
g C;Hs 84 52.5-53.5 CoHi:FO, 177 177 61.00 9.67 10.72 61.44 9.44 10.61
1# CoHio 75 61-62 CuHuFO, 204 203 64.67 10.36 9.30 64.87 10.62 9.20
ik CpHa 85 69-70 C1:HasF O, 218 218 66.02 10.62 8.70 66.11 10.52 8.56
ke CHos 37 75-76 C1HxFO, 246 246 68.35 11.05 7.71 68.04 11.10 7.53
la CiaHag 43 82-83 CisHu FO, 274 275 70.03 11.39 6.92 70.08 11.57 7.03
ne CisHar 61 89.5-90.5 CoHsoFO2 331 336 72.68 11.89 5.75 72.83 i1.61 5.94

« 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

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

TasLe 111

ANTIFUNGAL AcTIvITY OF FATTY Acibg axp 2-Fruvono Farry
Acips at pH 5.6 anp pH 4.0

Levels of inhib Anti- Levels of inbib Anti-

——-at pH 5.6%-—— fungal ——at pH 4.0%-—— fungal

M, spec- M. spec-

A. T. rerTu-  trum A. T. rerTu-  trum

R niger viride caria  index® niger viride curia index?

RCH:COOH
H 1 1 1 9 1 2 2 15
CH;, 1 1 1 9 1 2 2 15
C:Hs 1 2 2 13 1 3 3 21
C3Hr 1 2 2 15 2 3 3 24
CH" 1 2 2 15 1 3 3 21
CsHu 1 2 2 15 2 3 3 24
CsHis 1 2 2 15 2 3 3 24
CiHuis 2 2 2 18 2 3 3 24
CsHur 1 3 3 21 0 3 3 12
CoHuo 0 2 3 10 0 3 3 12
CuwHa 0 0 0 0 0 1 3 1
CuHss 0 0 0 0 0 0 0 0
CuHaus 0 0 0 0 0 0 0 0
CHas 0 0 0 0 0 0 0 0
CusHar 0 0 0 0 0 0 0 0
RCHICOOH

H 0 0 0 0 0 0 1 1
CHs 0 0 0 0 0 1 1 4
CoHs 0 0 1 1 0 1 1 4
CsHr 0 1 1 4 1 1 2 12
CsHe 0 0 1 1 1 1 2 12
CsHu 0 0 0 0 1 1 2 12
CsHuis 1 1 1 9 1 3 3 21
CiHus 1 2 2 15 2 3 3 24
CsHur 1 2 2 15 2 3 3 24
CoHie 1 3 3 21 3 3 3 27
CuwHa 1 2 2 15 1 3 3 21
CuHx i 1 i 9 1 2 2 15
CuHas 0 0 0 0 0 0 0 0
CsHas 0 0 0 0 0 0 0 0
CsHar 0 0 0 0 0 0 0 0

¢ Compounds incorporated in test medium at 104, 103, and 102
ug/ml; 3 = inhibition at all levels of compound, 2 = iuhibition
at two highest levels, 1 = inhibition at highest level only. ° Anti-
fuugal spectrum index = total number of levels of inhibition
multiplied by number of organisms inhibited.
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Tasue 1N\

COUMPARIZON OF ANTIFUNUGAL AUPIVITY OF SELECTED
2-FLUORINATED wiITH NONFLUGRINATED FATTY ACIDS AGAINST
T mentagrophyies av pll 5.4 w~o TAUIN SaBatraen
DEXTROSE AGAR IN THE PRESENUE AND ABRENCE 0)
BREF SErUM AFTER 3 Days v 28T

Livels of tulaly?
1111 5 11 7.0
R - sprin 4+ svrum -~ spri RO

RCILCOOL

Cyl L " ) W o
il B ) B 3
Cylls 3 H B 2
ol 3 2 3 2
Crlls, 2 2 5 2
Cully,
RCITFCOHOLI

Csllia .

511 2 2 2 2
I o 2 ! 2
Cyllig 5 2 ] 2
Culla 3 3 3 2
Cralles 3 2 3 2

* Camponnds ineorporated in test wedin ai [G, TG, o THE
wg/iil: 3 = inhibiticn at all levels of componnl, 2 = inhibition
at 2 higliest levels, 1= iuhibition at highest level valy.

well as oncthe 2-fluoro fatty acids, and that deactivation
is wreater at pH 7.0 than at pH 5.6,

It can be said, in general, that the auntifungal activity
of the 2-fluoro fatty acids parallels that of the noun-
fluoriated fatty acids,

As systemic antifungal agents, the fatty acids, i
spite of their tow 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 he degraded to small fragmeunts by 3 oxidation.
Asami, ¢f al.,’® have recently demonstrated that 11-iodo-
10-undeeenoie acid is esterified, in part, in the rat to a
glveeride.  Although the effect 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 (he 2-fluoro fatty weids possess at
least one potential advantage over the nonfluorinated
atalogs which would be useful for svstemie antifungal
activity.

Experimental Section

Chemical.’®*  Diethyl Dodecylfluoromalonate (Ik).—-Sodium
dizpersion? ({13 g, (L405 g-atom of xodium) was <u=peuded in

(18) Y. Axawi, H. Nusakabe, \. Eriguehi, X, Awewiva, M. Laabo, AL
Venn, Gl Saito, S0 Rakai, Y. Morwoki, arnd Y. G Taanka, R Faky Kep-
Lyushko Hokokw, 41, 258 (1963);  Cherme. Ahste., 84, 18271 (1V6().

€19) Melting poinis weve takeuw in a Alvl-Twap melting point appavatus
and are uneorrected.  Tufrared dara weee obtajued wiih a Deckiv-limer
Model 241 spectrophivivmueter, aud vefraclive tndives were takeu iu a Bausch
and Lowb, Abbe-31. vefractaneter.  The syutheiie prosedures ave gencval,

Vol 10

Sttt vl dey toluene ol was tiienred withe 05700 200 naade vl
diechyl  dodeexlnalonate 2t Pereldory D hoeide cb 1y w
AU molet was nhded (o the well-xtivred sispension e apid
strentn, keeping the temperativee ot (¢ 137 by means ol o iee
Levtle Uponc vaanpletivne af addition o vhe gies, the ioegane
maierials were cemoved by filtration, aaad the touluene wis flash
evaparated under v, The vesilue was filteved throngle o
line =sintered-ghioa floee and distilled. Tloe vield of preodnet waes
122 (8T 00 hp D000 2075 (G, ot L3 LB,

2-Fluorotetradecanoic Aecid (Ilki. A wiixtire af S g o017
dey ol diedhivl doleevifluncomnlonate ok ol 2000wl of
conerntrted THCT wies heatedd aler ceflux overnight. The
pradinet was exteaeted witle ether, sid the ether was fiash evapo-
rated. Tl residae wis dissolved in betzene aod freed of water
L nzeotrapie distilliaim and then tiken toaleyvness by Hash
evaporntivut. - The vield of Huoeingred Toety aeid was 1305 g
BT N TTT TIPS IR RVE ST

Antifungal Assay. Buffers.?-- Il (ollowing luffers  wire
ciuployed: pllo 4, Sovensen’s vicente HCE budter: pll 5o
Sorensei’s vitrae NaOLl batfer: plT 7.0, pliosphate hudTer,

Media.  Sabirund dextrose agare al plT 545 was prepared i
the spproprinte bulfer oo 6000 ol s final voline sind aito-
chwved o 15 b0 (o (5 mipe Test campomnds were lis-
solved or snspercled e 500l ol water ot snel evnventetions
e o viehd s e o TuE g Al whew dilied (o 10 mle Pl
mixtrees were adinsted o pllas witle T NaOH, dilured o
Ll ol stevilized L antoelaving, =i anlliliters wl medinm
was nixed with 4l of test campounl, while keeping thee ren-
peratitre ol bl hetween S50 60°, The niixtnres were poaeed in
el purtions fnto theee elimbers of uadreant. Petei plates,
anel, after handening, eele portioae ol wediin was oenbitel
witlt T drop ol spure =uspension vontaining 6 X HE <pores/ul
of the respertive cegndsi: Lowgee, T cieddey sind UL veeraeneda,
Af e 5 dav= s 257, groavth we ab=ener of grow th wis recordenld.

A plL g Sabonemd dextrose broth cDiteot was dissalved i
the boifer, and the dexrose coneentention wis doubled ta bring
it o thie Level ut Saboneand dexirose agare bofore diliing (o 5007,
ol the fiwal liguid valie, An equal volime of a0 =ulition ul
sgae (Difeo Ui water was prepared Lo contain =uflicient agar oo
vield o 1A solnvion at i finnl dilution. Test compontuls wirs
prepared s previcasly deseribed, AL three Tiguids were steril-
ized by oeliving, ndy while <till hot, the Sabonreaad dextrose
Droth =alntionc was naixed withe the agar salution, said the Petri
plates were prepitred sod treated ns above. This procednre was
necessary at e low pll beeanse, nnder iesie aeid eanditions,
s will Tivdeadyze sond will toal <et vue eanlding.

A pI 7ACSalwarenhilex trose sigae wins dissalved i the proper
Ddfer to 6007, a s final sobie, and wheve (007, Deel sern was
wsed, iowas added seeptiendly to the medinn prepared o 500
ol i final valime. ete plaites were prepared asdeseribed and
tnnenlated with [ deap ol spore sispension ol T e tayeophogtes
Thix v

cantaining G2 1 spoees/il and teeated as above.
st was alsectested s pl S e s <l maner.

awsd e Bewer alkiy haadone: vsrers o peweyl were vooereiaily avadalde
Where the alkyl weoups were hexyl ro vegadeeyl, the esrevs were prepaees]
aceonling o the wedhs] ofF Rovhsienn, > Althouzh e teeeadery (2 hexa-
ey, ®2 ol tetlery 2 vpsiees were noe eepureeld by Rothstein, the vow-
pomds were kaawa,

200 B0 Roabseein, Buddc Sovc Chooe Feae, T 2, SHEE TGS

210 K Uhaceatf, Bee., 688, 745 (1h32y,

220 GLsoRKinmer aad VT Ssaaet, L cbl Che, Sece., 83, 2090 1104

123) Puvrbased froe Gray Cheoteal Cao Glouvesier, Mass,, as 5077
<odtin te wineral sparie -,

2200 The end poigt of tie titsniey was deteroiued iy cessacion of byen-
wen evoltition, starv there wis o way e wesnee the exauel opaartiny of
sl € be ceauslveew v sligho exvess of the wedonte eseer wils always
viaploy ed o custee sanplete wnilizaiion of the sodinu,

(25 WO N Claek, Tl Deceviinacion of Hydeogea Tous,” Sul vl T
Willtuns & Wilkins O, Balinere, Mo, 1028,
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