
N o m s  

EtONH2.HC1, 8.6 g of imidazole, and 100 ml of anhyd MeCN. 
Next, 6.1 g (0.03 mole) of terephthaloyl chloride was added 
portionwise over 0.5 hr and the stirring was cont,iiiued for an 
additional 3 hr. The solid which formed was sepd by filt'ration, 
suspended in 200 ml of H20, and then refiltered. An analytically 
pure sample was obtained with one recryst'allization from H20. 
As expected, this substance, as well as 13, gave a negative color 
reaction with 1% FeC13 solutioii. Conversely, 11 gave a dark 
maroon color with t,his reagent. 

Diacetyl Terephthalohydroxamate (16).-A mixture of 3.3 g of 
2, 20 ml of AcrO, and 20 ml of AcOH was heat,ed at 100" until a 
iiegative FeC13 test, was obt,ained (approx l . . 5  hr). The solid was 
sepd by filtration, mshed  with HsO, and then t'hroughly vacuum 
dried. Recrystallization from 900 ml of MeOH produced 2.4 g of a 
whit8e cryst,alliiie solid. The ir spect.rum (Nujol mull) exhibited 
characteristic bands at  3122 (broad), 1783, and 1640 cm-1. 

Dibenzoyl Terephthalohydroxamate (15).-This compound wab 
prepared by two different, techniques. One involved the reaction 
of 2 with 2 equiv of BzC1 in pyridine at, ambient, temperature. 
However, a better yield was obtained by employing tmhe procedure 
of Renfrow and Hauser.22 The disodium salt, of 2 was prepared 
by adding the required amount of 2 t,o 2 equiv of NaOH in anhyd 
MeOH. After stirring for 0.5 hr, the solid was sepd by filtration, 
washed several times (EtsO), and thoroughly vacuum dried. 
Yext,, 1.2 g (0.005 mole) of this material was suspended in 12 ml 
of dioxane and 1.4 g (0.01 mole) of BzC1 was added. The resulting 
mixture was stirred rapidly at  100" for 0.5 hr. Aft,er cooling, 
('he product was added to  100 ml of cold H20 and the resulting 
solid was sepd by filtration and washed with H20 and EtzO. 
Recrystallization from dioxane yielded the desired mat,erial in 
analytical purity. Significant ir bands were located a t  3140, 
1770, and 1650 cm-1. 
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(22) W. B. Renfrow, J r .  and  C .  R. Hauser. J .  Amer.  Chem. Soc.. 119, 2308 
(1937). 
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Sumerous studies on the antifungal properties of 
fatty acids have been carried out. These were re- 
cently summarized by Gershon and Parmegiani2 who 
:tlso reported a study on the antifungal action of 2- 
fluoro fatty acids as compared with nonfluorinated 
fatty acids. Four factors which affect the antifungal 
activity of these compounds are concentration, chain 
length, pH of the medium, and presence or absence 
of materials such as serum albumin in the test medium. 

The results confirmed, in general, that  antifungal 
activity of nonfluorinated fatty acids was dependent 
on concentration and chain length, and lowering the 
pH of the medium enhanced fungitoxicity. The pres- 

(1) Par t  I11 of this series: 

(2) l i .  Gersllon a n d  R. I'armegiani, h d . ,  10, 186 (1967). 

H. Gershon, s. G. Schulman, a n d  A .  D. 
Yge\ack, J .  .Wed. Chem., 10, 536 (1967). 

TABLE I 
KTHYL ALKYLCY.4NOaC~;Ta'r~;Sn 

RCH (CK )COOCzH; 

I R (7i " C  1 1 2 5 ~  Formulac 

e C,HI1 36 77(0.43)  1.4277 CloHi7NOz 
f C6Hla 51 9!j((1.75) 1.4809 CiiHi9NOz 
g C7Hijh 38 100 (0.40) 1.4331 
h CSHI~ 51 109.5 ( 0 . 2 3 )  1,4358 C13H28xO2 
i CgH1, 76 121 (0.53) 1.4367 CiiHzjN02 
j CioH21 66 139 (0.80) 1.4384 CiiHz7NOz 
k CizHzj 48 165(1.45) 1.4418 Ci7H3iNOz 

Lit. ref 6, 

Tield,  R p  (mm),  

" C N  P,,,, 22.50 em-', P : ~ ~ ~  1741-1745 cni-' (neat). 
bp 111-113" (1 mm), n Z 5 ~  1.4337. 
analyzed for C, 11, 9. 

All compds except' g were 

TABLE I1 
EETIIYL ALIiYLCYASOFLUORf).\C1.;T.\TI.:Sf" 

1tCF( C?i)COOC& 
Yield. I3p (mm), 

I1 It '7c OC l i l 5 U h  l*'ormulac 
e C,HII .)c) -9 67 (0.40)  1.4081 C I O H I ~ F N ~ ~  
f C6Hi3 36 77 (0.2,;) 1.4130 CiiHisFXO? 
g C7Hij 24 114 (3.0) 1.4164 C12HzoFXO2 
h CsHi, 58 !I2 (0.30) 1.4193 C ~ ~ H Z ~ F X O I  
i C,H,!, .70 l lO(0.40)  1.4230 CI4Hs4FNO3 
j CI0H21 30 138 (1 .7 )  1.4257 C I ~ H Z ~ F N O Y  
k C12Hej 36 164 ( 2 . 6 )  1.4302 Ci7H3oFN02 
a Y,,, C = N  22.70 cm-1, v:Eo doublet 1775-1785 and 1730-1760 

cni-1 (neat). The refract'ive index must' be taken fairly 
rapidly, since exposure of t'he compound t'o the N a  light causes 
a series of color changes which range from yellow to  orange, t'o 
red and eventually to  black. The nonfluorinated analogs do 
not undergo this react'ion. 811 compounds xere analyzed for 
C, H, F, N .  

ence of beef serum reduced the :tctivity of the toxicant. 
The same generalizations held true for the fluorinated 
fatty acids, except that  a longer chain length was 
required for comparable activity. Whereas, in the 
test system employed,2 the nonfluorinated fatty acids 
were most active a t  chain lengths of 4-10 C atoms, 
the fluoro fatty acids were most active at  chain lengths 
of 8-14 C atoms. It was also concluded that the pK, 
of the fatty acids did not play an important role in 
their antifungal activity, since the pK, values of 2- 
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~ 'o~npoi inds  incorporated in test niediiini Lit lo', lo.', a i d  1 0 2  ~g 1111; :+ = iiiliihitioii :LI a l l  level- i ) f  (.oiiipoiiticI: 2 = iiihihitioi~ i l l  

* Ant'ifungal spec~trum irides = t otnl iiumher of levels of inhihitiorr mult iplird 
The compounds of the nonfluorinated series where 1I = 11, CH,, CI?HI:,, C ' I ~ H ~ ~ ~  and CMII::J : l l l ( l  

two highest levels, 1 = inhibition at  highest level only. 
bj- number of organisms inhibited. 
thwe of the 2-fluor0 series where R = H arid CHa were tested and foulid t n be completely inavt  ivr. 

tliioro fatty acidy art. about 2 uiiith lower than thow 
of the lionfluorinated acids. 

It \\-odd be of interest to determine whether the 
int:ict C02H is iiecewary for aritifugal activi 
further $ t idy  of the pH effect of the me 
des i rd ,  iri order to :tvmtairi whether the increased 
xntifungal rffwt due to the lon er pH re>ulted pri- 
niui ly  from reprezsiori of ioiiization of the carbox\~l 
functioii uith conconiit:mt enhanctd penetration 01 
thr niimbr:iriei: of t h e  tc1.t organi+rn*. 111 ordrr to 
?: t in  vmiv iriyight in thi4 we:i, :i 

of tliil  fungitoxicity of aliphatic t 
\\-:iy untlf~it:d<vii bwari+c thf> WSH2 group i. a r i o i i -  

ioiiizing function ivhich i i d l j  not gri>atly diffcwrit 
t rum ( 'OJ€. 

I t  I V ~ L ~  btated by (;oodmxii aiid Gilmaii j that :unidey 
rctain considerable antifungal activity but are lem 
active than the corresponding acids. A further search 
of the literature revealed only onr caye of  the com- 
parisoii of the mitifungal activitj- of :L fatt! acid with 
it\ m i i d t . .  JJT>w. r i  ~ l . . ~  r 
: m i i c k  n : i ~  only +lightly 1 
pliyhrc irrterdiyitale tlinn the 

Tlic> ilonfluorinattd aliphatic carboxamides eni- 
p l ~ y ~ ~ i  in thi. htudj are all known arid were either 
p u r c h u d  or wcre prepared by amination of the com- 

For 
011, the 2-fluoro fatty acid amides were pre- 

1):u-d by fluorinatilia the S:L wlts of alkylated ethyl 

available acid chlorides with ",OH. 

I11 

published metkiodh: las  a i d  I b  d.6 le-k, although 
previously unknowii. were also prepared by the method 
of hlexander and Cope.6 Compounds IIa-IIId were 
known1 and IIe-IIIk were prepared in the same man- 
ner. C'ompound.; IIIe--I, w r e  obtained a3 crude prod- 
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ucts and were used in the next step without further 
purification. On decarboxylating IIIa-k in boiling 
pyridine, IVa-k were obtained. For the preparation of 
IVl,m the free acids, V1,mj2 were treated with SOCla 
and then converted into the amides with KH,OH. 
The pertinent data on the ethyl alkylcyanoacetates 
(I), ethyl alkylfluorocyanoacetates (11) , and 2-fluor0 
fatty acid amides (IV) are contained in Tables 1-111, 
respectively. 

The fluorinated fatty acid amides along with fluoro- 
acetamide were screened in parallel with the cor- 
responding nonfluorinated fatty amides, against 3 fungi, 
Aspergillus niger, Trichoderma viride, and Myrothecium 
verrucaria, in Sabouraud dextrose agar (Difco) a t  pH 
5.6 and pH 4.0 according to  the method of Gershon 
and ParmegianL2 The results were weighted by cal- 
culating the antifungal spectrum index which is defined 
as the total number of levels of complete inhibition 
multiplied by the number of organisms inhibited 
within the defined s y ~ t e m . ~ , ~  The antifungal results on 
the nonfluorinated and 2-fluorinated fatty acid amides 
are summarized in Table IV. 

The data show that the activity of nonfluorinated 
and 2-fluor0 fatty acid amides depends on concentra- 
tion and chain length, but is not dependent on the 
pH of the medium. The antifungal spectral indices 
show clearly that the greatest activity is reached a t  
chain lengths of 5-9 C atoms for both series of com- 
pounds. Although there is no outstanding difference 
in activity between the fluoro fatty acids2 and their 
corresponding amides at  pH 5.6, a t  pH 4.0 the fatty 
acids2 are markedly more fungitoxic than the amides, 
in this test system. It appears, therefore, that  the 
pH effect is not concerned with the medium or the 
test organism but with the degree of ionization of 
the toxicant. 

The effect of the adsorbent, serum albumin, on 
antifungal activity of test compounds on Trichophyton 
mentagrophytes was demonstrated by adding 10% beef 
(Difco) to the medium a t  pH values of 5.6 and 7.0. 
The antifungal results obtained with and without beef 
serum are listed in Table V. The fluorinated amides 
were more fungitoxic against T.  mentagrophytes at pH 
3.6, than at  pH 7.0, whereas the nonfluorinated amides 
were about equally fungitoxic, and beef serum had a 
deactivating effect against both sets of compounds; 
however, the effect was greater against the fluoro 
amides. Thehe generalizations nearly parallel those 
describing the fatty acids.2 

Experimental Section9 

Ethyl 2-Cyanoundecanoate (Id).-A mixture of nonanal (100 
g, 0.70 mole), ethyl cyanoacetate (71.2 g, 0.63 mole), KH40Ac 
(4.9 g, 0.063 mole), and 1.3 g of Pd-C (10%) catalyst was pre- 
pared in 100 ml of EtOH and shaken at  2 to  3 atm of HP. Upon 
completioii of Ht uptake, the catalyst was removed by filtration 

(7) H. Gershon and R .  Parmegiani, A p p l .  Microbial., 10, 348 (1962). 
(8) H. Gershon, R.  Parmegiani, and W. J. Niokerson, ib id . ,  10, 556 

(1962). 
(9) Melting points mere taken in a Mel-Temp melting point apparatus 

and are uncorrected. Ir spectra were obtained with a Perkin-Elmer Model 
221 spectrophotometer, and refractive indices in a Bausch and Lomb bbbe- 
3 L  refractometer. The synthetic procedures are general, and all of the 
aldehydes employed in the reductive alkylation reaction were commercially 
available. 

TABLI,: V 

COMP.\RISON OF ANWFUNGIL ACTIVITY OF SELECTED 
~-FLUORIN.~THI WITH ~ 0 N F L U O K l . V A T E D  FATTY ACID AMIDES 

AGAINST 7'. nientagrophyles AT PH 5.6 AND 7.0 

OF BEEF SERUM AFTER .i DAYS AT 28" 
IN sAROIJR.\UD I)EXTROSI.; AGAR 1.V THE PRESENCE A N D  ABSEXCE 

--- Levels of inh ib i t iona- - - - - - - - .  
--pH 5 . 6 - 7  ---pH T 0- 
-serum +serum -serum +serum 

I~CHBCONHZ 
1 1 1 1 
2 2 2 2 
3 2 2 2 
3 3 3 2 
3 2 3 3 
3 2 3 2 
2 0 2 0 

ltCHFCOKH2 
3 2 2 2 
3 2 3 2 
3 2 3 2 
3 2 2 1 
3 1 2 1 
3 1 2 2 
3 2 3 2 

Li Compounds incorporated in test medium a t  104, lo3, and 
lo2 pg/ml; 3 = inhibition at  all levels of compound, 2 = inhibi- 
tion at  two highest levels, 1 = inhibition a t  highest level only. 

and 150 ml of C6H6 m s  added to the filtrate. The solution was 
washed twice with 150-ml portions of 10% aq NaCl and 3 times 
with 7 5  ml of HzO, and the washings were extracted twice with 
50-ml portions of C & , .  The combined C6H6 solutions were freed 
of solvent by vacuum flash evaporation and the residue was 
vacuum distilled through a Vigreux column. The fraction boiling 
a t  120-125' (0.7 mm) was collected. 

Ethyl 2-Cyano-2-fluoroundecanoate (IIi).-Ka dispersion 
(9.3 g of Na, 0.41 g-at,om) was suspended in 400 ml of dry PhMe. 
Compound Ii (98.5 g, 0.403 mole) was added to the stirred sus- 
pension at  such a rate as to keep the temperature below 90". 
After completion of addition of the ester, the system was purged 
with dry NZ and kept a t  10-15" by external cooling. A rapid 
stream of perchloryl fluoridelo was added, and upon completion 
of the reaction, as evidenced by cessation of heat evolution and 
the neut,ral pH of the mixture, the system was again purged with 
dry N2. The suspension in PhXIe was washed free of inorganic 
salt,s with several volumes of H20, aud PhMe was removed by 
flash evaporation. The residue was vacuum distilled, and the 
product was collected at  148-152" ( 5  mm). 

2-Fluoro-2-nonylmalonamic Acid (IIIi).-A mixture was pre- 
pared containing IIi  (51.4 g, 0.2 mole), NaOH (8.8 g, 0.22 mole), 
100 ml of HZO, and 20 ml of hleOH. Stirring was continued 
overnight, after which the solution was adjusted to pH 2 with 
concd HC1 and refrigerated overnight. The oily precipitate 
that  formed was recovered by Et20 extraction followed by re- 
moval of EtzO. The product was used in the next step without 
further purification. 

Method 1. 2-Fluoroundecanoamide (IVi).-Compound IIIi  
(6 g) was heated under reflux in 50 ml of pyridine overnight. 
The solvent was removed by flash evaporation, and the residue 
was stirred with concd aq NHI for 6 hr. The mixture was cooled 
a t  4' overnight and the product \vas obtained by filtration, 
washing (HzO), and drying a t  TO" (vac). 

Method 2. 2-Fluoropalmitamide (IVI). 2-Fluoropalmitic 
acid2 was heated under reflux with 50 ml of SOClr overnight. 
Excess SOCL was evaporated off and the residue was treated 
with 100 ml of ",OH with cooling and stirring. The product 
was removed by filtration, washed free of KHa with HzO, and dried 
at  70" (vac). 

(10) From Penniralt Chemical Corp., Philadelphia, P a . ;  see technical 
pamphlet DC-1819, "Perchloryl Fluoride," on details of safety and han- 
dling. 


