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A series of 1.5 2-fluoro fatly acids to a chain length of 20 carbon atoms was prepared by fluorinatio.ii of the ap­
propriate alkylmalouic 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, I'richoderma viride, Myrothecium vernicaria, and Trichophyton mentagrophytes. Both series of 
compounds were about equally active, except that the nonfluoriuated 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.2~4 The preceding authors and 
others5""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.9 Although 
a completely satisfactory explanation of the mode of 
action of these compounds has not yet been presented, 
the evidence10 seems to indicate that growth inhibition 
is due to alteration in cell permeability. 

As a result of our earlier work,11 the 2-fluoro fatty 
acids to 2-fluorohexanoic acid were available for fur­
ther study. A critical examination of the preparation 
of 2-fluoro fatty acids was reported by Pattison, et al.12 

Of the fluorination procedures studied, the method of 
Inman, et al.,13 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 yields. A recent 
reinvestigation of the action of perchloryl fluoride on 
diethyl malonate by Gershon, el al..1 revealed that 
when perchloryl fluoride reacted with active methylene 
groups in the presence of alcohol, the alcohol took part 
in the reaction, causing alkylation of the methylene 
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-

(1) P a n I of this series: II. Gershon , J. A. A. Ren wick, W. Iv. W y n n , and 
R. D'Ascoli , ./. Org. Chem., 3 1 , 91(i (1960). 

(,2) .!. K. Clark , Botnn. Gaz., 28 , 289 (1811(1). 
f:S) A. Kiesel, Ann.Inst. I'astcur. 27, 391 (1913). 
O) O. Wyss, B. .1. Ludiviii, a n d I t . R. Joiner , Arch, Biuehem.. 7, 415 

I19 15). 
(5) K. Ki ta j ima and .1. K a w a m u r a , Hull. Imp. Forestry Kxpi. Sta.. Japan. 

3 1 , 108 (1931): Chem. Abstr , 26, 4693 1,1932). 
(li) S. T e t s u m o t o , ./. Agr. Chem. Hoc. Japan. 9, 388 (1933). 
(7) S. T e t s u m o t o , ibiJ., 9, 563 (1933). 
(8) R. H. T h o r n t o n , Xeir Zealand ./. Agr. lte.1., 6, 469 (1963). 
(9) C. N'ieman, Bacterial. Rev., 18, 117 (1954). 
(10) K. Kodicek and A. X. W'orden. Biaehem. J.. 39, 78 (1945). 
111) H. Gershon , S. G. Se lmlman , and A. i ) . Spevaek , Abs t r ac t s , 148th 

Na l iona l Mee t ing of ilie American Chemica l Socie ty , Chica")", 111., Sept 
191)4, p 15K. 

112) K. L. M . Pa t t i son , R. I.. R u c h a n a n . and I-'. II . Dean , Can. J. Chem.. 
43, 1700 (1965). 

(13) ( ' . K. Inniaii , R. K. Oester l ina , ami K. A. Tyczkotvski , ./. Am. Chem 
Sac, 80, 6533 (1958). 

tained in good yield, 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 fiuoro fatty acid series were 
prepared by fluoridating the sodio salts of alkylated 
malonic esters in dry toluene by means of perchloryl 
fluoride, according to Scheme I. 

('()()(,', II,, 
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coocjt., 

N; i i l o l l l e 

SCHEME 1 

' COOCJf, 

i!C 

COOCJ1., 

COOCJI., 

li.CF 

coocji., 
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IK ' l 
UCHCOOI! 

it, li - CI I:, 
b, li = C-.II,-, 
c, 1! = C3H7 
d, li = C J l , 
<-, li = C-.H,, 
f, U = CJl,:, 
g. li = C\H,„ 

li, K = CJl,-,-
i, 1! = C J l , , 
,i. li = C,„I12I 
k, K = C,JI-., 
1', R = CJ l - . , 

in, R = C,6HH 

n. H = C;J1:,; 

Of the 2S compounds prepared, the fluoromalonic 
esters lb—d12 were previously prepared and charac­
terized, and l a and Im12 were prepared but not charac­
terized. In the 2-fluoro fatty acid series. H a . " ' 1 - 1 4 

lib,11.12-15 He and l id , 1 1 1 2 and l i e , Ilf, I lh , and Ilm'-" 
were previously reported. The pertinent data on Ilie 
fluoromalonic esters (I) and 2-fluoro fatty acids (II) are 
contained in Tables I and I I , respectively, and the in­
frared spectra of these compounds show tha t the c'mi<' for 
the malonic esters ranges between 1750 and 17t>5 
e m - 1 and between 1710 and 1740 c m - 1 for the fiuoro 
fatty acids. 

The fluorinated fatty acids, I l a - m and fiuoroacetic 
acid were screened in parallel with the corresponding 
nonfluorinated fatty acids against three fungi, Asper­
gillus niger, Trichoderma viride, and Myrothecium verni­
caria, in Sabouraud dextrose agar (Difco) a t pH 5.(5 
and pH 4.0. Spores of the various organisms were 
exposed to three concentrations of each test compound, 
104, 103, and 102 ug 'ml for 5 days at 28°. He tecord 

i l l ) I-). Oryszkmwicz-Troch imowsk i and O. Grys /k iewic / -Trochmio \vsk i 
Bull. .S./c. Chim. /''ranee. 928 ! 10-10); Chem. Ahslr.. 44, 388-1 i 11150), 

(15) W. Uockemiiiler, Ami., 606, 20 (1933 , . 

fluorinatio.ii
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C o m p d 
I R 

a» CH3 

e CsHn 
f C e H i 3 

g C,H,5 

h CSH„ 
i C9H19 

j C l o H i ! 

k C12H25 

1 C14H20 

m " C i 6 H 3 3 

n C1SH37 

Yield, 

% 
84 
75 
70 
64 
64 
57 
71 
87 
89 
89 
89 

TABLE I 

DIETHYL ALKYLFLUOROMALONATES 

Bp ( m m ) , °C 

47 (55) 
94-95(1.1) 

104-105(1.15) 
105(0.55) 
114-115(0.55) 
122(0.55) 
143(0.90) 
162(1.1) 
164-166(0.50) 
168-169(0.55) 
199 (0.40)6 

rt!5D 

1.3986 
1.4169 
1.4199 
1.4224 
1.4254 
1.4278 
1.4287 
1.4328 
1.4358 
1.4394 

" Compound mentioned but not characterized in ref 12. 

C o m p d 
I I R 

g" C,H15 

i a C9H19 

p C10H21 

k " C12H25 

l u CL4H29 

n c C i 8 H 3 7 

Yield, 

% 
84 
75 
85 
37 
43 
61 

RCF(COOC2H6)2 

F o r m u l a 

C 8 H 1 3 F O 4 

C12H21FO4 

C13H23FO4 

C ] 4 H 2 5 F 0 4 

C15H27F04 

C16H29FO4 

C17H31FO4 

C19H35FO4 

C21H39FO4 

C23H43FO4 

C25H47FO4 

» Mp 31-32°. 

TABLE II 

. 
c 

50.00 
58.05 
59.52 
60.85 
62.05 
63.13 
64.12 
65.86 
67.34 
68.61 
69.73 

2-FLUORO FATTY ACIDS (II) 

M p , °C F o r m u l a 

52,5-53.5 C9H1 
61-62 CnH 
69-70 C12H 
75-76 CnH 
82—83 v îeH 

89.5-90 .5 C20H 

F 0 2 

iFOa 

8 F0 2 

7FO2 

1FO2 

9FO2 

RCHFCOOH 
N e u t equiv 

Calcd F o u n d 

177 177 
204 203 
218 218 
246 246 
274 275 
331 336 

c 
61.00 
64.67 
66.02 
68.35 
70.03 
72.68 

(I) 

- C a l c d , % -
H 

6.82 
8.53 
8.84 
9.12 
9.37 
9.60 
9.81 

10.18 
10.50 
10.77 
11.00 

P n 1 f A ' 7 

v/alCCl, /c 
H 

9.67 
10.36 
10.62 
11.05 
11.39 
11.89 

F 

9.89 
7.65 
7.24 
6.88 
6.54 
6.24 
5.97 
5.48 
5.07 
4.72 
4.41 

F 

10.72 
9.30 
8.70 
7.71 
6.92 
5.75 

C 

50.44 
58.32 
59.88 
61.34 
61.88 
63.01 
64.20 
66.06 
67.69 
68.67 
69.90 

C 

61.44 
64.87 
66.11 
68.04 
70.08 
72.83 

- F o u n d , % — 
H 

6.65 
8.31 
8.88 
8.86 
9.24 
9.94 
9.82 

10.13 
10.55 
10.62 
10.87 

- F o u n d , %— 
H 

9.44 
10.62 
10.52 
11.10 
11.57 
11.61 

F 

9.83 
7.93 
7.39 
7.09 
6.49 
6.19 
5.95 
5.56 
5.37 
4.93 
4.51 

F 

10.61 
9.20 
8.56 
7.53 
7.03 
5.94 

" Crystallized from acetone-water mixture, 
mixture. 

Crystallized from benzene. c Crystallized from benzene-petroleum ether (bp 40-60°) 

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 
Parmegiani16 and Gershon, Parmegiani, and Nicker-
son.17 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 pKa values 
of the 2-fluoro fatty acids are generally 2 units lower 
than those of the nonfluorinated fatty acids, it appears 
that the pKa 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 10% beef serum (Difco) at pH 5.6 
and 7.0. The antifungal results are summarized in 
Table IV. I t was also confirmed that beef serum has a 
deactivating effect on the nonfluorinated fatty acids as 

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

(1962). 

ANTIFUNGAL 

R 

H 
CHa 
CsHs 
C 3 H 7 

C i H : 

C.Hu 
C6H13 

C7H16 

C8Hi7 
C»Hn 
C10H21 

C12H25 

C u H » 
C I S H M 

C18H37 

H 
C H S 

C 2 H 1 

C 3 H 7 

C i H . 
C»Hn 
C B H I S 

C J H I S 

CsHn 
C»Hi9 
CioHsi 
Ci.Hsi 
C U H M 

CisHaa 
C18H37 

" C o 
Mg/ml 

L 

. 
A. 

niger 

2 
1 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
0 
0 
0 

ACTIVITY OF 

ACIDS A T 

evels of inh ib 
a t p H 5.6"-

M. 
T. verru 

viride caria 

1 
1 
2 
2 
2 
2 
2 
2 
3 
2 
0 
0 
0 
0 
0 

0 
0 
0 
1 
0 
0 
1 
2 
2 
3 
2 
1 
0 
0 
0 

TABLE III 

FATTY ACIDS \ND 

pH 5.6 AND pH 4 
Ant i -

-. fungal ^ 
spec­
t r u m 

L 

.4. 
index' ' niger 

R C H i C O O H 

1 
1 
2 
2 
2 
2 
2 
2 
3 
3 
0 
0 
0 
0 
0 

9 
9 

15 
15 
15 
15 
15 
18 
21 
10 

0 
0 
0 
0 
0 

R C H F C O O H 
0 
0 
1 
1 
1 
0 
1 
2 
2 
3 
2 

1 

0 
0 
0 

0 
0 
1 
4 
1 
0 
9 

15 
15 
21 
15 

9 
0 
0 
0 

1 
1 
1 
2 
1 
2 
2 
2 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
1 
1 
1 
1 
2 
2 
3 
1 
1 
0 
0 
0 

mpounds incorporated in test med 
3 = 

at two highes 
fungal spectr 

inhibition at all levels of 
: levels, 1 
um index 

eve] 

2-FLL'OKO 

0 
s of inhib 

a t p H 4.0°- . 
M. 

T. verru-
viride caria 

um 

2 

2 
3 
3 
3 
3 
3 
3 
3 
3 
1 
0 
0 
0 
0 

0 

3 
3 
3 
3 
2 
0 
0 
0 

at 10* 
compound, 2 

= inhibition at hig 
= total number 

2 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
0 
0 
0 
0 

3 
3 
3 
2 
0 
0 
0 

103 

FATTY 

Ant i ­
fungal 
spec­
t r u m 
index^ 

15 
15 
21 
24 
21 
24 
24 
24 
12 
12 

1 
0 
0 
0 
0 

1 
4 
4 

12 
12 
12 
21 
24 
24 
27 
21 
15 

0 
0 
0 

and 102 

= inhibition 
lest level onlv. 
of levels 

b Anti-
of inhibition 

multiplied by number of organisms inhibited. 
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T Mi 1,10 l \ 

C O M I ' A I I I S D X oi.' A N T I F C N O A U A C T I V I T Y O F St;uEcrai> 

2 - F I , C O K I . \ A T E D W I T H N O N F U ' O K I N ATKI> K.YTTY A C I D S A G A I N S T 

T. inentagrophyies AT p i t .">.(•> \ \ D 7.0 IN S A R O I H \ C I > 

D E X T R O S E A O A K IN T H E P R E S E N C E AND A B S E N C E OK 

B E E F S E H C M \KTEH ."I I f u s . \ T 2S" 

Levels i.f in),il," 
p l l A.ti - | , l l 7.(1 

U - scrum 4 , i n i m - se rum f <vnnn 

UCIl-A'OOIl 

Cullii :i :! ;; :; 

C l l , : , :i :J :: •'! 

(.'si I,; :; :; :! 2 

C.,11,.., ;i 2 ;; 2 

C u l l , , 2 2 :s 2 

C,4I2;, 

H C I I F C O O I I 

C6H,:< 
(\-II,„ 2 2 2 2 

( \ n l 7 o 2 2 2 

( y i e , :: 2 :; 2 

(',,,11,, :! :i :; 2 

C,..ll,.-, :: 2 :; 2 

" C o m p o u n d s incorpora ted in test med ium tit 10'. Ill3, and 10-
jug/nil: '•> = inhibi t ion at all levels of c o m p o u n d , 2 = inhibi t ion 
at 2 highest levels, 1 = inhib i t ion 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. 

It can be said, in general, that the antifungal activity 
of the 2-nuoro fatty acids parallels that of the noti-
fluorinated fatty acids. 

As systemic antifungal agents, the fatty acids, in 
spite of their low order of toxicity, have been ineffec­
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 j3 oxidation. 
Asami, el a/.,18 have recently demonstrated that 11-iodo-
10-undeconoie acid is esterified, in part, in the rat to a 
giyceride. Although the effect of fluorine in the 2 
position of fatty acids on esterification has not yet been 
reported, these fatty acids are believed not to undergo 
fS oxidation12 and. consequently, show comparatively 
little toxicity. Thus the 2-fluoro fatly acids possess at 
least, one potential advantage over the nonfluorinated 
analogs which would be useful for systemic antifungal 
activity. 

Experimental Section 

Chemical.1 9 Diethyl Dodecylf luoromalonate (Ik).—-Sodium 
dispers ion 2 3 (0.3 g, 0.405 g -a tom of s o d i u m ) was suspended in 

(IS) Y, Asami, II. K u s a k a b e , A. Er iguehi , K. Amemiya , M . I t a b e , A. 
Venn. G. Sai to, S. Sakai , Y. M o m o k i , a n d V, (1. T a n a k a , /fa'cu Calm Ken-
kuusho llol.oku, 4 1 , 259 U9(i">); Chem. Ah«lr., 64, 18271 il'.IBH). 

(I11J Me l t i ng po in ts were t aken in a Ate l -Temp mel t ing point a p p a r a t u s 
and are uncor rec ted . Inf ra red d a t a were ob ta ined with a Pe rk in -E lmer 
Model 221 s p e c t r o p h o l o m e t e r , a n d refract ive indices were t aken in a Batlsch 
and Lonib, Abbe-itL re f rac tometer . T h e syn the t i c procedures are general , 

.10II in! of d ry toluene and was til ra ted with 14,1 g '0 , 1 I mole i ol 
d ie thyl dodeevlmaJonalo. '-1 ' "•' Porchloryl fluoride i l l . - l g. 
0.40.1 m o l e ! was added to the well-st i rred suspension in a rapid 
-tre.'im, keeping the t e m p e r a t u r e al 10 1.1" by means of an iee 
liatli. [ p o n complet ion of addi t ion of the gas. the inorganic 
in.'if ori.'ii-. were removed by fil tration, and I lie to luene was flash 
e v a p o r a t e d under v a c u u m . T h e residue was liltpred th rough a 
line sinlered-glas-, filter and dist i l led. T h e yield of product i ra-
122 g <S7' , I, bp 200 2 0 7 c Mil mill) , i r ' n l.-i.'ilti. 

2-Fluorotetradecanoic Acid (llk'i. A m i x t u r e of .10 g 01.17 
mole) of d ie thyl dodeeylf luoroi i ia lonale ( I k ) and 200 ml of 
concent ruled IK ' l was hea ted u n d e r reflux ove rn igh t . T h e 
product was ex t rac ted with e ther , and the e the r was flash e v a p o ­
ra ted . T h e residue was dissolved in benzene and freed of wa te r 
by azeo t rop ie dis t i l la t ion and then taken to d rynes s by (lash 
e v a p o r a t i o n . T h e yield of Huor inated fa t ly acid was 1,1..1 g 
i.'!7'', ), m p 7.'!.;1 74..1°. 

Antifungal Assay. Buffers . ' " ' - -The following buffers were 
e m p l o y e d : p l l 4.0, Sorensen ' s c i t r a t e IK ' l buffer: p l l .1.0. 
Sorei i -en 's c i t r a t e NaOI I buffet1: p l l 7.0, p h o s p h a t e buffer. 

Media . S a b o u r a u d dext rose a g a r at p l l .1.0 was p r e p a r e d in 
I he a p p r o p r i a t e buffer to (il l ' ; of its final vo lume and a u l u -
claved al 1.1 lb ••'in.'1 for LI mill. Tesi c o m p o u n d s were dis­
solved or suspended in ,'!.•"> ml of wa te r al such concent rat ioiis 
as to yield lll :, 10\ and III2 ,ug.'ml when d i lu ted to 10 ml. T h e 
mix tu res were adjus ted to p l l 1.0 with 1 0 ' , N a O I I , d i lu ted to 
4.0 ml, and steril ized by a t i toc lav ing . Six millil i ters of med ium 
was mixed with 4 nil of test c o m p o u n d , while keeping I he tem­
p e r a t u r e of bo th between .10- 00° . T h e mix tu res were poured in 
equal por t ions into three c h a m b e r s of quadran t . Petr i p la tes , 
and, after ha rden ing , each por t ion of med ium was inocula ted 
with I d rop of spore suspension con ta in ing 0 X 10" s p o r e s / m l 
of the respect ive o rgan i sm: . 1 . iiigrr, T. rieiile, and . 1 / . ri-rrnrurin. 
After .1 d a y s at 2 S ' \ g rowth or absence of g rowth was recorded. 

At p l l 4.0. S a b o u r a u d dext rose b ro th iDifco) was dissolved in 
the butler , and I lie dex t rose concent ra t ion was doub led to br ing 
it l o t he level of S a b o u r a u d dexi rose aga r before d i lu t ing to :)() ' , 
of the final liquid vo lume. An equal vo lume of a solut ion of 
agar (l)il 'co) in wa te r was p repa red t.o conta in stiflicient aga r to 
yield a I.">'.,' solut ion al its final d i lu t ion . Test c o m p o u n d s were 
p repa red as previously descr ibed. All th ree l iquids were .steril­
ized by au toc lav ing , and , while still hot , the S a b o u r a u d dex t rose 
b ro th solut ion was mixed wi th the agar solut ion, and the Pet r i 
plants were p r epa red and t r ea t ed as above . T h i s p rocedure was 
necessary al the low p l l because, unde r these acid condi t ions , 
agar will hydro lyze and will not. set on cooling. 

At p l l 7.0. S a b o u r a u d dext rose aga r iva- dissolved in t he p roper 
buffer to 00 ' ' , of its final vo lume, and where 1 0 ' , beef se rum was 
used, it was added nsoplienlly to I he med ium prepa red 10 .10' , 
of its final vol 11 me. Pel ri p la tes were p repa red as descr ibed and 
inocula ted with i d rop of a spore suspension of T. mi i/l:i(/ri)jj/ij/lrs 
con ta in ing 0 X I0 ,: s p o r e s / m i and t rea ted as above . T h i s or­
ganism was also tested at p l l .1,0 in a s imilar manne r . 

and 1 he lower alk> imaione- osiers 10 p e m y l were commerc ia l ly ava i l ab l e . 
Where ilie ulkyl g r o u p , were licxyl to oc ladeey l , I he es ters were prepared 
11c Ming lo the method of Hot nslem.'-" Although liie tetradecyl . ' - i hoxa-
decyf ." and Oct adccyl -'• osiers were nor repor ted b y Rolhste i r i . t he eom-
juiunds were knots n. 

(20) B. Ro ths l e in . Hull. Sue. Clam, f - 'c ino, !•">] 2, Stl i UIHol. 
21> ]•:. Chargaff, Her.. 65B , 74." Ilii : i2). 

I22'I O, S. Skinner and A. I'. S n i a r i , . / . Am. Chem. Sue.. 63, 2!>!):i i 11)41 i. 
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