
")3(i H. GEHSHON, S. G. SCHVL.MAX, AND A. D. SP^VACK Vol. 10 

Organic Fluorine Compounds. III . Action of Perchloryl Fluoride on Subst i tu ted 
Ethyl Cyanoacetates and Animal Toxicities of the Fluorinated Products1 ; 

HERMAN GERSHON, S T E P H E N G. SCHUL.MAN. AND A. DAVID SPEVACK 

Boi/ce Thompson Institute for Plant Research, Inc., Yonkers, AV«' York 10701 

Received January HI, /•%? 

C-Alkylated ethyl cyanoacetates (I), when treated with perchloryl fluoride in the presence of sodium ethoxide, 
were fluorinated in the 2 position. Due to the electronegativity of the fluorine atom, ethanol added across the 
C = N bond to form imidates (IV). Further treatment of IV with NH4OH yielded malouamides (VI). In the pres­
ence of sodium or potassium in aprotic solvents, perchloryl fiuoride caused the expected cvanofluoroacetate (V) to 
form. On saponification of V withNaOH, the malonamic acids (IV) were obtained, and in the presence of NTI'iOII 
V yielded VI. Liquid ammonia caused V to be converted to the carboxamidoamidine (VII). Acid hydrolysis of 
IV and V led to the 2-fluoro fatty acids (VIII). Animal toxicities of the fluorinated compounds are discussed, and 
fluoromalonamide was found to be relatively nontoxic. 

In recent years, there has been a decided interest in 
subst i tut ing fluorine for hydrogen in the a t tempt to 
prepare antimetaboli tes. The rationale employed is 
tha t , since hydrogen and fluorine are nearly isosteric, 
the fluoro analog would be expected to have little 
difficulty in fitting onto active sites of enzymes. How­
ever, the strong electronegativity of the fluorine atom 
would, when strategically placed, be expected to in­
fluence the acid-base character of the metabolite 
analog and thus would exert a profound influence on the 
equilibrium between the enzyme, substrate, and the 
respective complex. 

One may regard o-fluorouracil4 as a successful ex­
ample of this rationale. The replacement of the hydro­
gen atom by fluorine caused a marked increase in the 
acidity of the product, thereby shifting the equilibrium 
to favor the formation of the enzyme-substra te com­
plex. It is believed that the formation of thymine front 
uracil and formate is impaired due to the stability of 
this complex.'"1 

We undertook the preparation of two series of com­
pounds, the 2-fluoro fatty acids and the 2-amino-2-
fluoro acids, and it was desired to produce both types 
of compounds from a common intermediate. The 
C-substituted ethyl cyanoacetates (I) appeared to be 
suitable start ing materials because they could be a-
fluorinated and possessed the carboxyl and nitrogen-
containing functions. Scheme I summarizes the ap­
proach to the fluorinated metabolite analogs.. The 
start ing cvano esters (I) were prepared by published 
methods: ' ic- i , 1 1 lb ,7 I j , 8 and Ik.9 

It was intended to employ the method of Inman, 
ct a/.,10 for the preparation of V, where the cyano 

i p I'lii.- in\ estimation u s suppor t ed , in par t , by Cance r C h e m o t h e r a p y 
N a t i o n a l Service Cen te r , Na t iona l i n s t i t u t e s of Heal th , under C o n t r a c t N o . 
PI I 4;j"(>:j~,-)7!). 

(2) Presen ted before the 148th Na t iona l Mee t ina of the Amer i can Chemi­
cal Society, Ch ica so , III., Sept. 1904. 
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turn?). 
I I) (a) C. Ileidelberjzer, IN". K. C h a u d h u r i , P . D a i m e b e r s , I ) . Mooren , L. 

Gr iesbach , H. Dt tschinsky, 1{. J. Schni tzer , P . P leyen , and J. Schemer , 
Xaturt, 179, 6(W (1957); (b) A. R. Cur re i i , F. J. Ansfield. P . A. Alc lvcr , II, 
A. Wa i sman , and C. Ileidelherjier. Cancer Res., 18, 478 (1!)48). 

i5.i I',. !!. Baker. Cancer Chemotherapu Hept.. N o . 4, 1 (1959). 
Ill) It. P . Alexander and A. ( ' . Cope, ,/. Am. Chem. See.. 66, 886 (1944). 
IT) M. A. Pollack, ihi.l.. 65, PW5 iP)l;!.i. 
(8) M . S . N e w m a n and .1. I.. McPher son , ./, Or,/. Chi m., 19, 1717 11954). 
tin C. P. Koelsoh. ./. Am. Chem. Snr.. 65 , 2458 i 194H). 

10) (ii) C. P . I n m a n , II. IP Oesterliim, and P . A. Tyczkowsk i , ibiil.. 80, 
651S:S (1958): (b) ( ' . P . I n m a n , It. P . Oes te r l ins . and P . A. Tyczkowsk i . P . S. 
P a t e n t :S,():S0.408 (1962) ; (<•) C. IP I n m a n , R, P . Oesterlinsr. and P. A 
T i c k o w s k i , P . S. Patimt li.l 41,0 1(1 i l96 t . 

esters (1) would be fluorinated by means of perchloryl 
fluoride in ethyl alcohol in the presence of sodium ethox­
ide. The desired products were not obtained, but 
instead, series IV resulted. The structures were estab­
lished by elemental composition, slight basicity of the 
products, and the infrared spectra which were char­
acterized by peaks at 106S-1070, 1745-17o5, and 3300-
3330 cm- 1 . These were a t t r ibuted to G - - N H , G - - 0 
(ester), and - - N H , respectively." The absence of a 
peak at 2000-2300 c u r 1 due to' C = X was also noted. 
In addition, the nmr spectrum was consistent for IVb.1-' 
Upon treatment of IV with concentrated NHjOH, the 
malonamide (VI) was obtained. 

Since imidates are generally formed from nitriles and 
alcohols under anhydrous conditions in the presence of 
acid,13 it was thought thai IV was formed at the con­
clusion of the treatment with perchloryl fluoride, due 
to the final acidic p l i . Ic was fluorinated in dry ethyl 
alcohol in the presence of 2 equiv of sodium ethoxide by 
means of slightly less than 1 equiv of perchloryl fluoride. 
The product was identified by means of gas chromatog­
raphy and infrared spectrophotometry as a mixture 
containing lc and IVc. The a-fluorine atom enhanced 
the formation of imidates under strongly basic condi­
tions, It appeared tha t the literature1 '*'' ' in which 
fluorinated cyano esters were prepared by means of 
perchloryl fluoride in alcohol in the presence of sodium 
ethoxide was in error. The fluorocyano esters (V) 
could not be prepared under the conditions reported.14 

A recent, reinvestigation of the action of perchloryl 
fluoride on malonic esters by Gershon, el al..]:' revealed 
that when perchloryl fluoride reacted with active 
methylene groups in the presence of ethanol, the alcohol 
took part in the reaction, causing alkylation of the 
methylene group, presumably due to the formation of 
ethyl perchlorate,U1 which acted as the alkylating 
agent. Although no similar study was made on the 
products of fluorination of the eyanoacetate esters. 

(11 1 R. AP Sii vers!cm and C . C. Hau l e r , " S p e d ropholomot ric ldcnt i l ica 
lion of Orean i r ( ' . i m p o u n d s , " John Wiley and Sons, Inc. , New York, IN". Y.. 
190)P 

(12) R. ]( . Pintle, l i ikei Labora to r ies . Nor th Utilise, Calif., personal com­
munica t ion . 

(P i ! mi A. Pinner , Her.. 16, 104:5 I 188:'.): d o (MP., 17, 171 i 1881). 
t i l ) T h e p repa ra t ion of Huorodinil riles has been repor ted l.y A. I) . , losc \ . 

P . S. Pa t en t K,i P1.7IW I l!)fi:P. who carried out the fluorinat ion of metal sa l t -
of dinit riles by perchlory! fluoride in an apro t i c so lvent . 1 ,2 -d imclhox\ f t banc . 
Our s tudy had been in progress prior to the publ ica t ion of this p a t e n t . 

(.15) I P Gershon , ,). A. A. Renwick. \\. K. W.vnn. and R. 1). A s c l i , ./. 
Dry. Chem.. 3 1 , 916 (1966). 

Uli) C. IP I n m a n , p . A. Tyczkowski , U. P . Oesterl ina and ]•', !.. S c o n . 
Cj-iieri, ,,tw. 14, :ir>."> (1958). 
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TABLE I 

METHYL 2-SUBSTITUTED 2-( 1-ETHOXYFORMIMIDOYL)-2-FLUOROACETATES0 

F OC2H5 

Compd 
IV R 

b CH3 

o C2H5 

d C3H-
e J - C 3 H 7 

f C4H9 

g i-C4H9 

h sec-C4H9 

i C6H5CH2 

j C2H5OOCH2CH2 

» v°'a° 1745-1752 cm"1 

Compd 
V R 

b CH3 

c C2H5 

d C3H, 
e i-CsH, 
f C4H9 

g i'-C4H9 

h sec-C4H9 

i CeHsCH^ 
j C2H5OOCCH2CH2 

" vc
mJ 2235-2335 cm"1 

Yield, 

% 
75 
80 
75 
72 
77 
80 
80 
70 
90 
C-NH 

Yield, 

% 
35 
80 
48 
80 
47 
78 
46 
49 
71 

•| >W 1 

Bp, °C 
(mm) 

74-75(10) 
84-85(10) 
97-98(10) 
91-93(10) 

108-109.5 (10) 
102-104(10) 
98-99.5(10) 

105(0.15) 
105(0.3) 

1668-1670 cm- 1 ( 

n 2 5 D 

1.4120 
1.4160 
1.4195 
1.4205 
1.4230 
1.4235 
1.4206 
1.4857 
1.4336 

neat). 

R C — C = N H 

COOC2H3 

Formula 

C sH1 4FN03 

C9H16FN03 

CIOHJSFNO, 

CioH18FN03 

C,iH20FXO3 

CuH20FNO3 

CnH2„FN03 

C14H18FNO3 

Ci2H20FNO5 

TABLE II 

ETHYL 2-SUBSTITUTED 2-CYANO-2-

Bp, °C 
(mm) 

54-55(10) 
67-68(10) 
79(10) 
74(10) 
90-90.5(10) 
83(10) 
86-87(10) 
123(4) 
121-121.5(5) 

ioublet 1735-1759 

n ! s D 

1.3857 
1.3956 
1.4016 
1.4009 
1.4062 
1.4060 
1.4099 
1.4832 
1.4201 

and 1770-: 

RCFCOOC2H5 

Formula 

C6H8FN02 

C,H10FNO2 

C8H12FN02 

C sH1 2FN02 

C9Hi4FX02 

CoHuFNOj 
C 9 H»FN0 2 

Ci2H12FN02 

CioHuFNO* 

. 
c 

50.25 
52.67 
54.78 
54.78 
56.63 
56.63 
56.63 
62.90 
51.98 

—Calcd. 
H 

7.38 
7.86 
8.26 
8.26 
8.64 
8.64 
8.64 
6.79 
7.27 

. % 
F 

9.94 
9.26 
8.67 
8.67 
8.14 
8.14 
8.14 
7.11 
6.85 

-FLUOROACETATES" 

. 
c 

49.65 
52.82 
55.48 
55.48 
57.74 
57.74 
57.74 
65.12 
51.94 

1780cm" ' (neat ) . 

Calcd, % 
H 

5.56 
6.33 
6.98 
6.98 
7.54 
7.54 
7.54 
5.47 
6.10 

F 

13.09 
11.94 
10.97 
10.97 
10.15 
10.15 
10.15 
8.59 
8.22 

N 

7.32 
6.86 
6.43 
6.43 
6.00 
6.00 
6.00 
5.24 
5.05 

N 

9.65 
8.80 
8.09 
8.09 
7.48 
7.48 
7.48 
6.33 
6.06 

C 

50.59 
53.06 
54.58 
54.68 
57.00 
56.87 
57.11 
62.79 
52.51 

, 
c 

49.74 
53.32 
55.50 
56.06 
58.30 
58.22 
57.80 
64.97 
51.80 

—Found 
H 

7.45 
7.72 
8.23 
8.24 
8.58 
8.18 
8.90 
6.63 
7.38 

Fouu 
H 

5.72 
6.62 
7.11 
7.04 
7.79 
7.60 
7.84 
5.63 
6.16 

, % 
F 

10.01 
9.85 
8.21 
8.26 
7.95 
8.53 
8.20 
6.75 
6.52 

rt ^7 
'O. /O 

F 

12.80 
11.76 
11.00 
10.74 
10.12 
10.28 
9.86 
8.59 
7.97 

N 

7.71 
7.33 
6.63 
6.27 
6.13 
6.45 
5.65 
5.09 
5.50 

N 

9.44 
8.60 
7.99 
7.87 
7.34 
7.37 
7.19 
6.07 
5.96 

TABLE II I 

2-SUBSTITUTED 2-FLUOBOMALONAMIDES" 

RCF(CONH2)2 

Compd 
VI 

a 
b 
c 

g 
i 

a C "° 

Compd 
IX 

C 

d 
e 
f 

g 
h 
i 

I 
R 

CH3 

C2H3 

C3H7 

i-C4H0 

H2NCOCH2CH2 

Yield, 

% 
83 
60 
49 
53 
51 

1690-1700 cm"1 (KBr). 

Yield, 
R % 

C,H5 66 
C3H7 38 
i'-C3H7 69 
C4H9 58 
i'-C4H9 60 
sec-C4H9 33 
C6H5CH2 66 

" >w0<CONHl) 1653-1670 
petroleum ether (bp 40-60 

Mp, 
°C 

dec6 

142 
154 
159 
160 
153 
145 
147 

c m - 1 , i 

°). 

Mp, °C . Calcd, % •-
dec6 Fo rmula C H F 

233-234 C4H,FN202 35.82 5.26 14.70 20 
184-185 C5H9FN202 40.54 6.12 12.83 18 
167-168 C6HnFN202 44.44 6.84 11.72 17 
203-204 C,H13FN202 47.72 7.44 10.78 15 
197-198 C6H10FN3O3 37.70 5.27 9.94 21 

h All samples were recrystallized from methanol-water (95: 

TABLE IV 

2-SUBSTITUTED 2-FLUOROMALONAMIC ACIDS" 

H2NCOC(R)FCOOH 

Neut equiv * •—Calcd, % 
Calcd Found Formula C H F 

149 149 C5H8FN03 40.27 5.41 12.74 
163 164 C6H10FNO3 44.17 6.18 11.65 
163 161 C6H10FNO3 44.17 6.18 11.65 
177 177 C7H12FN03 47.45 6.83 10.72 
177 177 C7Hi2FX03 47.45 6.83 10.72 
177 179 C,H1 2FN03 47.45 6.83 10.72 
211 211 CioH10FN03 56.87 4.77 9.00 

N 

.89 

.91 

.28 

.90 
.98 

5). 

N 

9.39 
8.59 
8.59 
7.91 
7.91 
7.91 
6.63 

w°<COOH) 1720-1735 cm - 1 . b All samples were recrystallized 

, 
c 

35.45 
40.88 
44.43 
48.24 
37.70 

c 
40.46 
44.60 
44.29 
47.66 
47.61 
47.33 
56.84 

from a : 

Founc 
H 

5.14 
6.47 
6.92 
7.28 
5.34 

1, % 
F 

14.35 
13.17 
12.30 
11.13 
10.09 

Found, % 
H 

5.27 
6.25 
6.19 
6.84 
6.90 
6.84 
4.71 

mixture 

F 

12.98 
11.80 
11.74 
10.72 
10.92 
11.09 
9.22 

N 

20.91 
19.10 
17.51 
16.35 
22.39 

N 

9.56 
8.47 
8.47 
7.98 
7.76 
8.04 
6.67 

of acetone-ether-

similar alkylated materials would be expected in the re­
action mixtures. 

To overcome the disadvantages of a protonated sol­
vent, the fluorination was conducted according to the 
method of Freeman.17 lb was converted to Vb by 

(17) J. P. Freeman, J. Am. Chem. Soc, 82, 3869 (1960). 

formation of the potassio salt in the presence of potas­
sium ethoxide, followed by displacement of the ethanol 
with dry dimethylformamide (DMF) and fluorination 
with perchloryl fluoride. In addition to the expected 
elemental composition, the infrared spectrum of the 
product was characterized by peaks at 1772 and 2250 
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R 

CH3 

C2H.-, 
C3H, 
/-C3H7 

C4H,, 
i-dH, 
sec-Cilia 

C2H0OOCCHoCH2 

C6HoCH2 

cn, 
Coll., 
C3H7 

/-C3H7 

C4H:, 
i-CtU, 
.W-C4H9 

C2H ;,OOCH2CH.> 
C 6 H 3 CH 2 

II 
F 
CH3 

Coil, 
c3n7 
1-C3H7 

II2XCOCH,CII2 

CII3 

C,H;, 
C3H7 

CJI,, 

wr-CJF 

IK)OCCH2CH> 
C J L C H , 

C2H, 
C3II7 

/-C3H7 

C,H, 
/-C4H7 

wc-CJl-
C6H.-,CH2 

Sl/MMAR"i 

-• SA-
NTL,'' 
msr/k̂  

500 
500 
500 
500 
500 
500 
500 
500 
500 

81'-

50 
200 
200 
400 
200 
200 
400 
200 
200 

SA-

500 
500 
500 
500 
250 
500 
500 

8P~ 

400 

50 
50 

50 

50 

50 
100 

0.62 
200 

11F 

125 
125 
125 
500 
500 
125 
500 

• or A: 

T •(',•' 

'", 
75 
54 
HI 
11s 
140 
151 
SI 
109 
111 

, 
129 
95 
103 
100 
95 
101 
64 
70 
S5 

, 
97 
109 
134 
107 
102 
127 
95 

76 

100 
114 

101 

91 

61 
132 

79 
66 

98 
104 
100 
Si) 
92 
101 
111 

TABLE V 

VTICANCKR SCREENING DATA 

- - -!)] -
NTL. 
inc/kn 

400 
350 
400 
400 
400 
400 
400 
400 
400 

-LL 

50 
200 
200 
400 
200 
200 
400 
200 
200 
-91 or W.M 

W.M 400 
W.M 400 
91 400 
91 400 
91 200 
91 400 
91 400 

— • Misc 

W.M 0 2 
SA 500 
LS 300 
W M 50 
W M 25 
HE 125 
FY 100 
W.M 50 

25 
25 
25 

W.M 3. 1 
3.1 
3.1 
4.6 
3 1 
2,0 
1.3 
HAi 
4.6 

1 )A 25 
W M 50 
HI 2.5 

2.5 
W.M 2.5 
W M 100 

Misc 

LL 12 
12 

SA 500 
DA 500 
FY 100 
FY 100 
FY 100 
FY 400 
FY 400 
FY 100 
FY 200 

17 C 
'" 
129 
72 
140 
126 
126 
OS 
87 
79 
127 

92 
95 
76 
S9 

57 
97 
101 
107 
9s 

— -
90 

146 
127 
200 
75 
S3 
117 

7s 
100 
113 
113 
10S 

66 

ss 
20 
41 
75 
63 

10 
22 
34 
00 
67 
74 
97 
30 
33 

1)0 
95 
30 
101 
6s 
S6 

32 
115 
122 
95 
99 
123 
105 
12S 
S5 
95 
S4 

•—-LE­
NT L. 

niK ki; 

400 
350 
400 
400 
400 
400 
400 
400 
400 

--LE-

50 
200 
100 
400 
200 
200 
400 
200 
200 

--LE-

400 
400 
400 
400 
200 
400 
400 

- -LE-

4.0 
400 

25 

25 
100 

25 

25 

50 
50 

1 .5 
125 

- —LE-

12 

125 

100 
100 
100 
400 
400 
100 
400 

'1" c. 

100 
96 
92 
101 
93 
107 
95 
93 
96 

S7 
94 
90 
97 
93 
100 
99 
100 
96 

100 
96 
9,S 

9S 
104 
93 
102 

S7 
95 

94 
103 
100 

101 

10.1 

SS 
100 

10s 
92 

110 

100 

98 
96 
111 
95 
109 
98 

98 

•rlope 

0.63 
0.77 
0,83 
0.65 
0.70 
0.S4 
0.9S 
1 2 

El)„ 
mi: 1 

02 
-is 

36 
06 
60 
45 
36 
29 

- K l i 

-0 .74 

-0 .60 

_ K H 

-0 .22 

100 
100 
100 
100 
100 
100 
100 

100 

100 
100 
100 
100 
100 
44 
93 

100 

140 
100 
100 

100 

100 

100 
100 

100 
-0.10 23 

100 

100 

100 
100 
28 
26 
28 
100 

-1.1 
•1.1 
-1.2 

-0 9 
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Misc compd 

CF3COOH« 

CIIsCCOOCsHsV 
X 

XIV 

. SA 

250 

125 

TABLE V (Continued) 

. 

66 

89 

w . 

r J.11DC 

FV 100 
HE 100 
L8 100 
CA 125 
W l i 20 

10 
5.0 
2.5 
0.15 

WM 100 

' 
104 
94 

112 
102 
103 
103 
102 
107 
177 
89 

. L - E -

100 

250 
0.6 

100 

. -̂
93 

103 
93 

91 

K B -

100 

100 

" We are indebted to Drs. Howard W. Bond and Harry B. Wood, Jr., Cancer Chemotherapy National Service Center, National 
Institutes of Health, Bethesda, Md. 20014, for making these data available to us. b Test tumors employed: SA = Sarcoma 180, 91 = 
Cloudman melanoma S91, LE = lymphoid leukemia L1210, KB = KB cell culture, 8P = lymphosarcoma P1789, LL = Lewis lung 
carcinoma, WM = Walker 256 (intramuscular), L8 = lymphoma 8, HE = Hepatoma 129, FV = solid Friend virus leukemia, DA = 
Dunning ascites leukemia, HI = human sarcoma HS1, CA = Adenocarcinoma 755. " NTL = minimum nontoxic level. d T / C = 
treated tumor/control tumor. e Commercially available. 

cm - 1 which were attributed to the a-fluorinated C = 0 
(ester) and C = N groups, respectively.11 An improved 
method for the synthesis of the cyanofluoro esters was 
based on the formation of the sodio salts of the esters 
in dry toluene by means of sodium dispersion, and 
fluorination with perchloryl fluoride. This modification 
of the fluorination procedure was previously reported 
by Gershon, et a/.3,15'18 The reactions concerning the 
profanation of the carbon atom of the nitrile group are 
shown in Scheme I. 

SCHEME I 
NH 4 OH 

NCCRHCONH2 •* NCCRHC02C2H5 
NaOH 

NCCRHCO2H 
I I 

CIO.F 
Na (toluene) or 

VK (DMF) 

HN=COC 2 H 5 

! NH4OH NH4OH 
BPCCOjCsHs >• RCF(CONH2)2 •< NCCRFC02C2H5 

IV VI ^ " V V 

HCl NaOH/ NH» ("J 
H N = C N H 2 

RCHFC0 2 H H2NOCCRFC02H RCFCONH2 

VIII IX VII 

Ia - I I Ia , R = H 
Ib-VIb, VHIb, R = CH3 
Ic-IXc, R = C2H5 
Id-VId, VHId, IXd, R = C3H, 
Ie-Ve, M i l e , IXe, R = i-C3H, 
If-Vf. VHIf, IXf, R = C4H9 

Ii-Vi, Vi l l i , IXi, R = C6H5CH2 
I j , R = C2H6OOCCH2 
IIj .R. = HOOCCH2 
II I j , R = H2NCOCH2 
Ik, IVk, Vk, R = C2H5OOCCH2-

CH2 
Ig-VIg, VHIg, IXg, R = i-dHv I lk, VHIk, R = HOOCCH2CH2 
Ih-Vh, VHIh, IXh, R = I l lk , VIk, R = H2NCOCH2CH2 

sec-CiHo 

It was evident from these results that the nitrile 
group was made labile by the strongly electronegative 
fluorine atom in the a position. This is in agreement 
with the work of Schaefer, et al.,n Husted,20 and 
Gruber21 who showed that electron-withdrawing groups 
a to the nitrile allowed for the formation of imidates 
and amidines in the presence of basic catalysts. 

(18) H. Gershon, S. G. Schulman, and A. D. Spevack, Abstracts, 148th 
National Meeting of the American Chemical Society, Chicago, 111., Sept 
1964, p 15K. 

(19) (a) F. C. Schaefer and G. A. Peters, J. Org. Chem., 26, 412 (1961); 
(b) F. C. Schaefer and A. P. Krapoho, ibid., 27, 1255 (1962). 

(20) D. R. Husted, U. S. Patent 2,676,985 (1954). 

Hydrolysis of IV and V with concentrated HCl 
yielded the 2-fluoro fatty acids (VIII). Of the 2-
fluoro fatty acids prepared, the following have appeared 
in the literature: VHIb,22 '23 VII Ic , 2 " 4 VHId,22 VHIf,22 

Villi,22 '26 and VIIIj.22-26 A comparison of the anti­
fungal properties of these compounds with nonfluo-
rinated fatty acids was made by Gershon and Parme-
giani,8 who also prepared additional members of the 
series to 20 carbon atoms. The gas chromatographic 
separation of VHIa-h was carried out,27 and the prepara­
tion of the methyl esters of the 2-fluoro fatty acids to 
18 carbons and their separation by gas chromatography 
was also reported.28 

Advantage was taken of the labile nature of the 
a-fluoronitriles in order to obtain malonamic acids (IX) 
which would be suitable for the Hofmann degradation. 
Compound V was saponified with NaOH to yield IX. 

For the preparation of monofluoromalonamic acid 
(XII), difluoromalonamic acid (XVI), and derivatives, 
diethyl fluoromalonate (X)29 and diethyl difluoro-
malonate15 were employed as starting materials. These 
reactions are summarized in Scheme II. 

SCHEME II 

CHF(CONH2)2 CF2(CONH2)2 

X I I I XVII 

I ' N H J O H TNH.OH 
C103F I 

CHF(C02C2H5)2 >• CF2(C02C2H6)2 
•y- Na (toluene) "YTV 

! • 
NaOH 

C2H502CCHFC02H 
XI 

NHiOH 

H 2NOCCHFC0 2NH 4 

X I I 

I NaOH 

C2H602CCF2C02H 
XV 

j N a 
OH 

H2NOCCF2C02NH4 

XVI 

(21) W. Gruber, German Patent 1,155,774 (1963). 
(22) F. L. M. Pattison, R. L. Buchanan, and F. H. Dean, Can. J. Chem.t 

43, 1700 (1965). 
(23) E. Gryszkiewicz-Trochimowski and O. Gryszkiewicz-Trochimowski, 

Bull. Soc. Chim. France, 928 (1949); Chem. Abstr., 44, 3884 (1950). 
(24) W. Bockemuller, Ann., 506, 20 (1933). 
(25) E. D. Bergmann and S. Szinai. J. Chem. Soc, 1521 (1956). 
(26) L. K. Gottwald, J. E. Ayling, and E. Kun, J. Biol. Chem., 239, 435 

(1964). 
(27) H. Gershon and J. A. A. Renwick, J. Chromatog., 20, 134 (1965). 
(28) H. Gershon and J. A. A. Renwick, ibid., in press. 
(29) H. Machleidt, Ann., 676, 66 (1964). 
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Our experiences with the Hofmann degradation of 
malonamic acids will be the subject of a .subsequent 
report . 

The pertinent data on the fluoroimidates (IV), eyano-
fiuoro esters (V), fluoromalonamides (VI), and fluoro-
malonamic acids (IX) are contained in Tables I - IV, 
respectively. All of the compounds were screened by 
the Cancer Chemotherapy - National Service Center, 
National Inst i tutes of Health. Bethesda, Aid., against 
a variety of tumors, and they were found to be generally 
inactive. The anticancer data on the fluorinated 
compounds are included in Table V. It should be 
pointed out tha t VHIf showed a significant degree of 
inhibition against the Walker 256 (intramuscular) tumor 
in rats, but the results were not consistent. 

The toxicity data on the fluorinated derivatives 
afford a more interesting facet of the biochemical 
relationships of these compounds. With the discovery 
of the toxicity of fluoroacetic acid during World War 
II, research on monofluorinated compounds was 
stimulated.30 The high toxicities of co-fluorofatty acids 
containing even numbers of carbon atoms, and the 
low toxicities of those acids containing odd numbers of 
carbon atoms were explained by Buckle, et a/.,31 on 
the basis tha t /3 oxidation of the even numbered cu-fluoro 
fatty acids produced fluoroacetic acid, and the odd 
numbered acids yielded /3-fluoropropionic acid which 
was not toxic. Peters32 presented evidence that fluoro­
acetic acid is metabolized in the Krebs cycle, via a 
lethal synthesis, to fluorocitric acid, which combines 
with aconitase causing the cycle to be interrupted. 
This is accompanied by the accumulation of citric acid. 
Studies on fluoromalonate in mammals allowed Chari-
Bitron3 3 to infer tha t it forms an ester with coenzyme A 
which is decarboxylated to fluoroacetyl coenzyme A, and 
then becomes involved in the Krebs cycle. Since the 
toxic reactions of fluoromalonate and fluoroacetate were 
qualitatively similar, but the malonate was about 
one-tenth as toxic as the acetate, the existence of addi­
tional metabolic pathways for fluoromalonate was 
suggested. Bernheim34 studied the effect of 2.2-
difluoromalonamide on the oxidation of organic acids 
by Pseudomonas aeruginosa. It was found tha t the 
difluoromalonamide, as well as the free acid, inhibited 
the oxidation of a number of organic acids of the Krebs 
cycle, although no inhibition could be demonstrated 
in sonicates of the cells. The diamides of mono-
fiuoromalonic, tetrafluorosuccinic, and hexafluoroglu-
taric acids were essentially inactive. Pattison, 
Buchanan, and Dean— studied the mammalian toxici­
ties of a series of 2-fluoro fatty acids, and they reported 
that these compounds showed comparatively low 
toxicities because they could not undergo 0 oxidation. 

The toxicity data3 3 in Table V indicate that most of 
the fluorinated compounds are not highly toxic. The 
results on the 2-fluoro fatty acids (VIII) confirm those 

CM)) F. 1.. M. Pa t t i son , "Toxic Al iphat ic Fluor ine C o m p o u n d s . " Elsevier 
Publishina- Co., A m s t e r d a m , 195!). 

Cil) F . J. Buckle, F. L. M . Pa t t i son , and I',. C. Saunders , ./. Chem. So,-.. 
1471 (1949). 

(H2) I{. A. Pe ters , I'm: Roy. Stir. (London) , B139, 143 (1(152). 
((«) A. C h a r i - P i t r o n , Biachem. I'hiirmnroL. 6, 169 (1961). 
(31) F. Pe rnhe im, Pro,: S,o<: Eiptt. Biol. Me.,1., 113, 411 (1963). 
(35) It is conceivable that the toxicit ies of c o m p o u n d s in t umor -bea r ing 

an ima l s m a y be different from those in hea l t hy an ima l s . However , t he d a t a 
on t luoruacetic acid a n d difiuoroacetic acid are in general a g r e e m e n t with 
es tabl ished results. : i l It should also be no ted t ha t these d a t a a re less precise 
t h a n I.DM, d e t e r m i n a t i o n s . 

reported by Pattison, et al.,r- that the fiuoro acids from 
2-fluoropropionic acid (Vl l lb ) and above1, except 2-
fiuoroglutaric acid (Vi l l i ) , are relatively nontoxic as 
compared with fluoroacetic acid. The toxicity of Vi l l i 
is undoubtedly due to the i3 oxidation of the unfitio-
rinated end (if the molecule, and the formation of 
fluoroacetic acid is the basis for its toxicity. Of the 
compounds that could potentially yield fluoroacetic 
acid, fluoromalonamide (Via), was surprisingly nun-
toxic, in view of the toxicity of fiuoroaeotaniido.3" 
This suggests that Via cannot be hydrolyzod to a toxic 
derivative by the animal tissues. The related fluoro-
malonamic acid (XII) is toxic, and thus it seems that 
decarboxylation and hydrolysis took place, as ex­
pected. VIi, which would be expected to be converted 
to fluoroglutaric acid and then to fluoroacetic acid, is 
not toxic, probably due to the formation of a lower 
fluoromalonamide as the end product. The toxicity 
of ethyl fluoromalonate (X) was according to ex­
pectation.33 

Experimental Section36 

2-Cyano-4-methyIvaleric Acid (Ilg).—Twenty-five grams (0. L4S 
mole) of Ig6 was saponified with excess NaOII [7.48 g (0.1K7 
mole) of NaOII dissolved in 150 ml of 1:1 aqueous ethanol]. 
The mixture was stirred at room temperature overnight. Sodium 
was removed by ion exchange on a column of Amberlite IR-120 
I I I 4 ) . The effluent was extracted with ether, and the ether 
was removed by Hash evaporation. Water was removed from 
the aqueous residue by azeotropic. distillation with benzene, and 
the product was distilled, bp 100-105° (0.25 mm), yield 15 g 
(75':;). The analytical sample boiled at, 103.5-104°: x,„^ 
( 0 = 0 ) 1720, ( 0 = N ) 2250 cm"1 ; the neutralization equivalent 
was 143 (calcd 141), 

Anal. Calcd for C ;II, ,XO,: C, 5!l.5(i: II. 7.N5: N, 0.02, 
Found: C, 59.72: II, S.04: X, 10.05. 

2-Cyanosuccinamide (IIIj).—A mixture of 25 g (0.125 mole) 
of I j s and 100 ml (1.5 molest of concentrated XH4()lf was 
kept at 4° with occasional agitation overnight, and then was re­
frigerated at — 10° for 1 week. The product was obtained by fil­
tration and washed with U>0, and the yield of compound was 0.0 
g (58(," ), mp 163° dec. An analytical sample was obtained by 
crystallization from aqueous ethanol: mp 104-165.5° dec: 
x„l* ( 0 = 0 ) 1627, 1675, ( C = N ) 2250 e n r '. 

Anal. Calcd for C.-,ir-Xa()2: C, 42.55: II, 5.00: X, 20.7S. 
Found: C, 42..S0; 11,5.07: X, 20.40. 

2-Cyanoglutaramide (IHk) was prepared from lk'J as above in 
8 3 ' , yield: mp 153-154° (aqueous ethanol): „,„„ (C-—O) 162N, 
1660, ( C = X ) 2240 cm"1. 

Anal. Calcd for C0H.,N3O2: C, 40.45: H, 5.S5: X. 27.OS. 
Found: C, 46.44; 11,6.12; X, 27.20. 

Ethyl 2-(l-Ethoxyformimidoyl)-2-fluoropropionate (IVb). 
Sodium (55.0 g, 2.3S g-atom) was dissolved in 1000 ml of anhy­
drous ethanol, and to the solution was added 300 g (2.3S moles) 
of ethyl 2-cyanopropionate.7 The system was purged with dry 
X,j, and perchloryl fluoride37 was added to the well-agitated mix­
ture, kept at 10-15° by external cooling. When a heat of re­
action was no longer evident, the addition of perchloryl fluoride 
was interrupted, and the system was again purged with dry XV 
Insoluble salts were removed from the mixture by filtration, and 
the excess alcohol was flash evaporated. The residue was dis­
solved in ether, washed free of remaining inorganic stilts with 
H2O, and freed of ether in the flash evaporator. The product 
was obtained by distillation; bp 00-92° (20 mm); unit (neat) 
T 0.03 (.1 = 7 cps), 8.62 (J = 22.5 cps). 2.30. 

((50) Mel t ing points were t aken in a M e l - T e m p meltinsi point a p p a r a t u s 
ami a re uncor rec ted . Infrared d a t a were ob ta ined with a Perk in-Dlmer 
Model 221 spec t ropho tomete r , and jras c h r o m a t o g r a p h y was carried ou! 
with an Aerograph Mode! 201 with a tlame-ionizat ion de tec to r t.o which was 
a t t a c h e d a Leeds and N o r t h r u p Speedomax II recorder, ami the co lumn 
employed was previously described.1 ' '1 T h e procedures described are general , 

C-57) Perchloryl fluoride was pu rchased from Pennsal t Chemical Corp. , 
Phi ladelphia . Pa., a lone with technical pamph le t DC-181!!. "Perch lory l 
F luor ide . " on detai ls of safety and handlina ' . 
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2-Fluoro-2-methylmalonamide (Vlb).-—A mixture of 100 ml of 
concentrated NH4OH, 25 ml of methanol, and 25 g (0.173 mole) 
of IYb was kept at —10° with intermittent shaking for 22 days. 
The crystalline product was obtained by filtration and was dried 
under vacuum at room temperature. The compound melted at 
228-230° dec. 

Ethyl 2-Cyano-2-fluoropropionate (Vb).—The potassium salt 
of ethyl 2-cyanopropionate was prepared by adding 26.0 g 
(0.205 mole) of the ester to a solution of 7.8 g (0.2 g-atom) of 
K in 100 ml of anhydrous ethanol. The mixture was brought to 
dryness under vacuum, and the alcohol was replaced with 200 
ml of dry DMF. The D M F was flash evaporated under vacuum 
and replaced twice. The final residue was kept in the flash evapo­
rator for an additional 1 hr at 100° (15 mm). The dry salt was 
dissolved in 200 ml of dry DMF, purged with dry N2 and treated 
with a rapid stream of perchloryl fluoride. The reaction tem­
perature was maintained at 10-15° by means of an ice bath. 
When no further heat of reaction was apparent, the system was 
freed of excess perchloryl fluoride by purging with dry N2. In­
organic materials were removed by filtration, and the liquid was 
distilled. The product boiling at 50-55° (10 mm) was collected. 
This was a mixture of the desired fluoro ester and DMF. The 
mixture was dissolved in ether and was washed free of D M F 
with H 2 0. Compound Yb was obtained in 40% yield by distil­
lation, bp 55° (10 mm). 

Ethyl 2-Cyano-2-fluorobutyrate (Vc).—Sodium dispersion38 (23 
g of Na, 1 g-atom) was suspended in 1000 ml of dry toluene and 
heated to 50°. To the mixture was added 145 g (1.03 moles) 
of ethyl 2-cyanobutyrate6 at such a rate as to keep the tempera­
ture of the reaction below 90°. The excess ester was necessary 
to ensure complete consumption of the Na. The system was 
purged with dry N2 and kept at 10-15° by external cooling. A 
rapid stream of perchloryl fluoride was added, and upon comple­
tion of the reaction, as evidenced by cessation of heat evolution, 
the system was again purged with dry N2. The inorganic salts 
were removed by filtration, dissolved in H 20, and extracted with 
toluene. The combined toluene layers were washed with H 2 0 
and flash evaporated. The residue was distilled, and the product 
was collected at 65-70° (10 mm). 

2-Fluoro-3-methylbutyric Acid (VHIe).—A mixture of 43.3 g 
(0.25 mole) of IVe and 100 ml of concentrated HC1 was heated 
under reflux overnight. The hydrolysate was extracted five 
times with 100-ml portions of ether, and the ether was removed 
under a stream of air. The residue was freed of water by azeo-
tropic distillation with benzene and distilled. The yield of 
product was 24 g (80%), bp 80-83° (10 mm). An analytical 
sample was obtained by redistillating and collecting a middle frac­
tion, bp 82° (10 mm), mp 41°. The neutralization equivalent 
was 120 (calcd 120) and p°;° 1720 cm"1. 

(38) Purchased from Gray Chemical Co., Gloucester, Mass., as 50% 
sodium in mineral spirits. 

Previous research in these laboratories has indicated 
that dialkylaminoalkylureas derived from benzyl-
phenylamines possess antiinflammatory activity.1 In 
an attempt to increase the potency of these compounds, 
ureas derived from various tricyclic amines were pre­
pared. The tricyclic amines used as starting materials 
were essentially benzylphenylamines bridged at the 

(1) J. W. Cusic, U. S. Patent 2,681,929 (1950). 

Anal. Calcd for C6H9F02 : C, 49.99; H, 7.55; F, 15.82. 
Found: C, 50.03; H, 7.80; F, 15.55. 

2-Fluoro-3-methylvaleric acid (VHIg) was prepared in the same 
manner as V l l l e in 80%, yield, bp 95.5-96.5° (10 mm), neutraliza­
tion equivalent 134 (calcd 134), (vl° 1732 cm-1 . 

Anal. Calcd for C 6 H n F0 2 : C, 53.72; H, 8.26; F, 14.16. 
Found: C, 53.85; H, 8.15; F, 13.99 

2-Fluoro-4-methylvaleric acid (VHIh) was prepared as V l l l e 
in 75% yield, bp 96.5-98.5°, neutralization equivalent 134 
(calcd 134), v°;? 1725 cm"1 

Anal, Calcd for C 6 H n F0 2 : C, 53.72; H, 8.26; F, 14.16. 
Found: C, 53.42; H, 8.31; F, 14.02. 

2-Carboxamido-2-fluorobutyramidine (VIIc).—To 1.41 g 
(0.01 mole) of Vc in a test tube immersed in a Dry Ice-acetone 
bath was added 5 ml of liquid ammonia. The mixture was 
allowed to stand overnight and to come to room temperature 
with concomitant evaporation of the excess NH3. The yield of 
residue was 1.5 g (95%) of VIIc, mp 150-151° dec. An analytical 
sample was obtained by crystallization from an ethanol-H20 
mixture without c'vinge in melting point. The product was basic, 
and the infrared spectrogram was characterized by a broad band 
at 1590-1725 cm' 1 . 

Anal. Calcd for C6H10FN3O: C, 40.81; H, 6.85: F, 12.92; 
X, 28.56. Found: C, 40.76; H, 6.92; F, 12.88; N, 28.45. 

2-Ethyl-2-->uoromalonamic Acid (IXc).—A mixture was pre­
pared containing 6.6 g (0.165 mole) of NaOH, 200 ml of H 2 0, 
and 24 g (0.15 mole) of Vc. After stirring for 2 hr a clear solution 
resulted, and it was allowed to stand overnight. Sodium was 
removed by passage through a column of Amberlite IR-120 
(H + ) , and the effluent was flash evaporated below 40° to appar­
ent dryness. The residue was slurried in ether and the crystal­
line material was removed by filtration and dried under vacuum. 
A yield of 10 g of product was obtained which melted at 140° dec. 

Ammonium 2-Fluoromalonamate Monohydrate (XII).—To a 
solution composed of 6.0 g (0.15 mole) of NaOH, 60 ml of H20, 
and 30 ml of ethanol was added 26.7 g (0.15 mole) of diethyl 
fluoromalonate. The mixture was allowed to stand overnight, 
and the N a + was removed by passage through a column of Am­
berlite IR-120 ( H + ) . The effluent was evaporated to near dry­
ness, and the syrupy product was dissolved in methanol made 
alkaline with NH4OH and treated with decolorizing carbon, and 
crystallization was induced by addition of acetone followed by-
refrigeration. The yield of product was 8.2 g (35%) as the 
monohydrate, mp 209-211° dec. An analytical sample was ob­
tained by crystallization from a H20-methanol-acetone mixture 
and melted at 209-210° dec. 

Anal. Calcd for C3H9FN,0.,: C, 23.08; H, 5.81; F, 12.17; 
N, 17.95. Found: C, 23.30; H, 5.96: F, 12.28; N, 17.56. 

Ammonium 2,2-difluoromalonamate monohydrate (XVI) 
was prepared as above in 47% yrield, mp 220-221° dec (meth-
anol-acetone mixture). 

Anal. Calcd for C3HsF2N204: C, 20.70; H, 4.63; F, 21.82; 
N, 16.09. Found: C, 21.01; H, 4.47; F, 22.00; N, 16.12. 

ortho positions of the two aryl groups by O, NR, CH2, 
CH2CH2, CH=CH, and a single bond. These con­
stitute the 10,ll-dihydrodibenz[fe,/][l,4]oxazepines, 
10,ll-dihydro-5H-dibenzo|7>,e][l,4]diazepmes, 0,6-di-
hydrodibenz [a,<i]azepines, 5,6,11,12-tetrahydrodibenz-
[6,/]azocines, o,6-dihydrodibenz[o,/]azocines, and the 
phenanthridines, respectively. Dialkylaminoalkyl­
ureas prepared from 10,ll-dihydrodibenz[6,/][l,4]thia-
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