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TABLE I 
LIETHYL 2-SUBSTITUTED 2-( ~-ETHOXYFORMIMIDOY L)-2-FLUOROACET.\TESa 

F OCiHj 

RC-C=NH 

COOCzHj 
Compd Yield, R P ,  O C  -----Calcd. yo---- ----Found, "----- 

IV R % (mm) n Z 3 D  Formula C H F N  F N C H  

1.4120 CsHl4FNO3 50.25 7.38 9.94 7.32 50.59 7.45 10.01 7.71 b CH3 i a  74-75(10) 
c CzHj 80 84-85(10) 1.4160 CgH16FN03 52.67 7.86 9 .26  6.86 53.06 7.72 9 ,85  7.33 

I 1  
I 

r *  

d C3H7 75 97-98(10) 1.4195 CloHlsFYO, 54.78 8.26 8.67 6 .43  54.58 8 .23  8.21 6.63 
e GCSH; 72 91-93(10) 1.4205 CioHiaFN03 54.78 8 .26  8.67 6 .43  54.68 8.24 8.26 6.27 
f C4H9 77 108-109.5(10) 1.4230 Cl lH20FS03 56.63 8.64 8.14 6.00 57.00 8 .58  7.95 6 .13  
g i-CaHg 80 102-104(10) 1.4235 CnH,oFN03 56.63 8.64 8 .14  6.00 56.87 8 .18  8 .53  6.45 
h sec-CaHg 80 98-99.5(10) 1.4206 CnHmFN03 56.63 8 .64  8.14 6 .00  57.11 S.90 8 .20  5 ,65  
i C6HjCH2 70 105(0.15) 1.4857 C14H18FX03 62.90 6.79 7.11 5.24 62.79 6 .63  6.75 5 .09  

a v:,:: 1745-1752 cm-l, v ~ ~ ~ , " "  1668-1670 cm-l (neat). 
j C?H:OOCH&H, 90 105(0 .3)  1.4336 C12H20FNOj 51.98 7 .27  6.85 5.05 52.51 7 .38  6 .52  5 .50  

TABLE I1 

CK 
ETHYL 2-SUBSTITUTED 2-CY.WO-2-FLC0ROACETATESn 

I 
RCFCOOCZH: 

Compd Yield. R P ,  " C  7-- 

V R % (mm) n l 5 D  Formula C 

b CHB 35 54-55(10) 1.3857 CGHaFN02 49.65 
c C2Hj 80 67-68(lO) 1,3956 C7HIoFNOg 52.82 
d C3H7 48 79(10) 1.4016 CgHiZFN02 55.48 
e i-C3H7 80 74(10) 1.4009 CgH12FN02 55.48 
f CaHn 47 90-90.5 (10) 1.4062 CgHi4FS02 57.74 
g i-C4Hg 78 83(10) 1,4060 CgHiaFKO2 57.74 
h sec-C4Hg 46 86-87(10) 1,4099 CgHlaFN02 57.74 
i CsHjCH2 49 123(4) 1.4832 C12H1,FNOg 65.12 
j C2H,00CCH2CH2 71 121-121.5 ( 5 )  1.4201 C1oH1aFN04 51.94 
a v:,,,K 2235-2335 cm-1, P::: doublet 1735-1759 and 1770-1780 em- (neat). 

--Calcd, ~ o - - - -  
H F 

5 ,56  13.09 
6 .33  11.94 
6.98 10.97 
6.98 10.97 
7.54 10.15 
7.54 10.15 
7.54 1 0 , l 5  
5.47 8 .59  
6.10 8.22 

--7 7- 

N C 

9 .65  49.74 
8.80 53.32 
8.09 55.50 
8.09 56.06 
7 .4s  5s.30 
7.48 58.22 
7.48 57.80 
6.33 64.97 
6.06 51.80 

---Found. yo---. 
H F Pi 

5 . 7 2  12.80 9.44 
6.62 11.76 8 .60  
7.11 11.00 7.99 
7.04 10.74 7.87 
7 .79  10.12 7 .34  
7.60 10.28 7.37 
7 .84  9.86 7.19 
5.63 8.59 6.07 
6 .16  7.97 5 .96  

TABLE I11 
2-SUBSTITUTED 2-FLUOROM.~LON.~MIDESa 

RCF(COKH2)2 
Compd Yield, Mp. " C  7--- Calcd. yo------ -----Found, 7G----- 

VI R c/c decb Formula C H F N C H F N 
a CH3 83 233-234 CaH,FIV;,O% 35.82 5 2 6  14.70 20.89 35.45 5.14 14.35 20.91 
b CzHj 60 184-185 CjHgFNz0, 40.54 6.12 12.83 18.91 40.88 6.47 13.17 19.10 
c C3H7 49 167-168 CsHilFN202 44.44 6.84 11.72 17.28 44.43 6.92 12.30 17.51 
R i-CaHo 53 203-204 C7H13FS202 47.72 7.44 10.78 15.90 48.24 7.28 11.13 16.35 
j H2NCOCH2CH2 51 197-198 C6H10FN303 37.70 5.27 9.94 21.98 37.70 5.34 10.09 22.39 

a v:;: 1690-1700 cm-' (KBr). All samples were recrystallized from methanol-water (95: 5). 

TABLE I V  
2-SUBSTITUTED 2-FLUOROMALONAMIC ACIDP 

H&COC(R)FCOOH 
Mp,  

Cornpd Yield, OC Neut  equiv ___-_ Calcd, yo-------. -----Found, %----. 
I X  R % decb Calcd Found Formula C H F ?; C H F K 
c CZHj 66 142 149 149 CjHaFX03 40.27 5 .41  12.74 9 .39  40.46 5 .27  12.98 9.56 
d C3H7 38 154 163 164 CeHloFN03 44.17 6.18 11.65 8 .59  44.60 6 .25  11.80 8.47 
e i-C3H7 69 159 163 161 CsHloFN03 44.17 6 .18  11.65 8.59 44.29 6.19 11.74 8 .47  
f CaH, 58 160 177 177 CiHl,FN03 47.45 6.83 10.72 7.01 47.66 6.84 10.72 7 .98  
R i-CdHg 60 153 177 177 C;H12FS03 47.45 6 .83  10.72 7.91 47.61 6.90 10.92 7 .76  
h sec-C4HQ 33 145 177 179 CiH12FSOa 47.45 6.83 10.72 7.91 47.33 6.84 11.09 8 .04  
i CsHjCH2 66 147 211 211 ClOHloFX03 56.87 4.77 9.00 6.63 56.84 4.71 9 . 2 2  6.67  

1653-1670 cm-', v:~?;OtCooH1 1720-1735 cm-l. All samples were recrystallized from a mixture of acetone-ether- C-OlCONH?) 
vmax 

petroleum ether (bp 40-60'). 

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." I b  was converted to  Vb by 

formation of the potassio salt in the presence of potas- 
sium ethoxide, followed by displacement of the ethanol 
with dry dimethylformamide (DRIF) 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 (17) J P Freeman, J .  Am. Chem Soc , 82, 3869 (1960). 
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TABLE IT (Continued) 
Misc compd I SA -- -MMisc----- -L-E---- -KB- 

CFaCOOH” FV 100 104 100 93 
HE 100 04 
L8 100 112 

C I I ~ ( C O O C ~ H S ) ~ ~  250 66 CA 125 102 250 103 100 
X W l I  20 103 0 6  93 

10 103 
5 0 102 
2 5 107 
0 15 177 

XIV 125 89 13711 100 89 100 91 100 
a We ale iiidehted to Drs. Howard W. Bond and Harry B. Wood, Jr., Cancer Chemotherapy National Service Center, National 

Iribtitutes of Health, Bethesda, Md. * 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, \ 4 X  = Walker 256 (intramuscular), L8 = lymphoma 8, HE = Hepatoma 129, FT’ = solid Friend virus leukemia, DA = 
Dunning ascites leukemia, H1 = human sarcoma HS1, CA = Adenocarcinoma 755.  d T/C = 
treated tumor/control tumor. 

20014, for making these data available to us. 

0 NTL = minimum nontoxic level. 
e Commercially available. 

cm-’ which mere attributed to  the a-fluorinated C=O 
(ester) and C=S groups, respectively.” 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 aZ.3115*18 The reactions concerning the 
protonation of the carbon atom of the nitrile group are 
shown in Scheme I. 

SCHEME I 
NH4OH 

NCCRHCONHz - NCCRHCOzCzHs 
I11 I 

/ \  NCCRHCOIH 
I1 

HN=COCzH& 
I P? H4OH “4OH 

RFCCOzCzH, + RCF(C0NHz)z t NCCRFCOzCnHs 

Hydrolysis of IV and V with concentrated HCI 
yielded the 2-fluor0 fatty acids (VIII). Of the 2- 
fluoro fatty acids prepared, the following have appeared 
in the literature: VIIIb,22123 V I I I C , ~ ~ , ~ ~  VIIId,22 VIIIf,22 
T7111i,22,2b and VIIIj.22s26 A comparison of the anti- 
fungal properties of these compounds with nonfluo- 
rinated fatty acids was made by Gershon and Parme- 
g i a r~ i ,~  mho also prepared additional members of the 
series to 20 carbon atoms. The gas chromatographic 
separation of VIIIa-h was carried and the prepara- 
tion of the methyl esters of the 2-fluor0 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- 
malonateI5 were employed as starting materials. These 
reactions are summarized in Scheme 11. 

/ HN=CNH, 

RCHFCOzH HzNOCCRFCO2H RJFCONH, 
VI 1 I I X  VI1 

Ia-IIIa. R = H Ii-TI, VIIIi, IXi, R = CeH5CHz 
Ij, R = C2H500CCH2 
IIj, R = HOOCCHz 
TIIj, R = H2NCOCH2 
Ik, IVk, Vk, R = CzHjOOCCH2- 

CH, 
D IIk, T’-IIIk, R = HOOCCH2CHp 

IIIk, VIk, R H2XCOCHzCHz 

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 aZ.,l9 Husted,20 and 
Gruber2 who showed that electron-withdrawing groups 
a to the nitrile allowed for the formation of imidates 
arid amidiries in the presence of basic catalysts. 

(18) IT. Gershon, S. G. Schulman, and A. D. Spei-ack, Abstracts, 148th 
National Lleeting of the American Chemical Society, Chicago, Ill., Sept 
1964, p 15K. 

(19) (a) 1‘. C. Schaefer and G .  1. Peters, J .  Org. Chem., 26, 412 (1961): 
(b) F. C. Schaefer and A. P. Krapclio, t b a d . ,  27, 1255 (1962). 

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

SCHEME I1 
CHF (COXH2)I 

XI11 

7 N H a ~ H  
CIOaF 

CHF(COL&Hj)2 
N a  (toluene) X 

I 
J N a O H  

C2HjO2CCHFCO2H 
X I  

NHaOH J 
HzNOCCHFC02X” 

XI1 

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

(23) E. Gryszkiewicz-Trochimoaski and 0. Gryszkieaicz-Trochimow~ki,  

(24) W. Hockemiiller, Ann. ,  606, 20 (1933). 
(25) E. D. Bergmann and S. Szinai, J .  Chem. Soc., 1521 (1966). 
(26) L. K. Got taa ld ,  J. E. Ayling, and E. Run,  J .  B i d .  Chem., 239, 435 

(1964). 
(27) H. Gerslion and J. .L -1. Renwick, J .  Chromatog., 20, 134 (1965). 
(28) H. Gershon and J. A. A. Renaick, ibid., in press. 
(29) H. Machleidt, Ann., 676, 66 (1964). 

48, 1700 (1965). 

Bull. Soc. C h i m .  France, 928 (1949); Chem. Abstr.,  44, 3884 (1950). 
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2-Fluoro-2-methylmalonamide (VIb).-A mixture of 100 ml of 
concentrated KH,OH, 25 ml of methanol, and 25 g (0.173 mole) 
of IYb was kept a t  -10" with intermittent shaking for 22 days. 
The crystalline product was obtained by filtration and was dried 
under vacuum a t  room temueratiire. The comuound melted a t  
228-230" dec. 

Ethvl 2-Cvano-2-fluorooronionate iVb).-The Dotassium 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 aiihydrous ethanol. The mixture was brought to 
dryness under vacuum, and the alcohol was replaced with 200 
ml of dry 1)hIF. The 1IMF was flash evaporated under vacuum 
and replaced twice. The filial residue was kept in the flash evapo- 
rator for an additional 1 hr a t  100' (15 mm). The dry salt was 
dissolved in 200 ml of dry DhlF,  purged with dry N P  and treated 
with a rapid stream of perchloryl fluoride. The reaction tem- 
perature was maintained a t  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 X2. 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 DRIF. The 
mixture wab dissolved in ether and was washed free of D M F  
with H20. Compound 1-b was obtained in 40'3- yield b.y distil- . "  
lation, bp 55' ( lo  mm). 

Ethvl2-Cvano-2-fluorobutvrate iVc).--Sodium disoersion38 123 
g of Ga, 1 g-atom) was suspknded'in 1000 ml of dry'toluene and 
heated to 50". To the mixture was added 145 g (1.03 moles) 
of ethyl 2-cyanobutyrate6 a t  such a rate as to keep the tempera- 
ture of the reaction below EO". The excess ester was necessary 
to ensiire complete consumption of t,he Na. The system was 
purged with dry X2 and kept a t  10-16" 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 i X 2 .  The inorganic salts 
were removed by filtration, dissolved in R20, and extracted with 
toluene. The combined toluene layers were washed with HPO 
and flash evaporated. The residue was distilled, and the product 
was collected a t  65-70' (10 mm). 

2-Fluoro-3-methylbutyric Acid (VIIIe).-A mixture of 43.3 g 
(0.25 mole) of IVe aiid 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 distillatioii with benzene and distilled. The yield of 
product was 24 g (SO%), bp 80-83" (10 mm): An analyt'ical 
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., Glouceuter, hlass.. as 50% 
sodium in mineral spirits. 

Anal .  Calcd for CsH,F02: C, 49.99; H, 7.55; F, 15.82. 
Found: 

2-Fluoro-3-methylvaleric acid (VIIIg) %-as prepared in the same 
manner as VIIIe in 80% yield, bp 95.5-96.5" (10 mm), iieutraliza- 
tion equivalent 134 (calcd 134)) v:;: 1732 cm-l. 

Anal .  Calcd for C6Hl1FO2: C, 53.72; H, 8.26; F, 14.16. 
Found: C, 53.85; H, 8.15; F, 13.99 

2-Fluoro-4-methylvaleric acid (VIIIh) was prepared as VIIIe 
in  75% yield, bp 96.5-98.5", neutralization equivaleiit 134 
(calcd 134), ~2;: 1725 cm-l 

Anal ,  Calcd for CsH11F02: C, 53.72; H, 8.26; F, 14.16. 
Found: 

2-Carboxamido-2-fluorobutyramidine (VIIc).-To 1.41 g 
(0.01 mole) of Vc ill a test tube immersed in a Dry Ice-acetone 
bath was added 5 ml of liquid ammonia. The mixture was 
allowed to staiid overnight and to come to room temperature 
with conc:imitaiit evaporation of the excess XH,. The yield of 
residue wax 1.5 g (95%) of VIIc, mp 150-151' dec. h i  aiial\-tical 
sample was obtained hy crystallizatioii from an ethaiiol-Hd) 
mixture without c.'i,utge i i t  meltiiig poilit,. The product was basic, 
and the infrared spectrogram was characterized by a broad band 
at  1590-1725 cm-l. 

Anal .  Calcd for C:,HIoFS30: C, 40.81; H, 6.86: F, 12.92; 
S, 28.66. Found: C, 40.76: H, 6.92; F, 12.88: K, 28.45. 

2-EthyI-2,-:!uoromalonamic Acid (IXc).-A mixture was pre- 
pared contaiiiiiig 6.6 g (0.165 mole) of KaOH, 200 ml of € 1 2 0 ,  
and 24 g (0.15 mole) of Vc. After stirring for 2 hr a clear solutioii 
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 appnr- 
exit dryness. The residue wa lurried 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 SaOH, 60 ml of H?O, 
aiid 30 ml of ethanol was added 26.7 g (0.15 mole) of diethyl 
fluoromaloiiate. The mixture wis allowed t o  staiid overnight, 
and the N a  + was removed by passage through a coliimn of Am- 
berlite IH-120 (H+).  The effluent was evaporated to near dry- 
ness, and the syrupy product was dissolved in methanol made 
alkaline with SHdOH and treated with decolorizing carboti, atid 
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- 
taiiied by crystallization from a H,O-methanol-acetone mixture 
and meltpd at  209-210" dec. 

Anal .  Calcd for C31-I,FN,0,: C, 23.0s; H, 5.81; F, 12.17; 
9, 17.95. Found: C, 23.30; H, 5.96: F, 12.28; S, 17.56. 

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

Anal .  Calcd for C3H8F2K2Od: C, 20.70; H, 4.63; F, 21.82; 
N, 16.09. 

C, 50.03; H,  7.80; F, 15.55. 

C, 53.42; H, 8.31; F, 14.02. 

Found: C, 21.01; H, 4.47; F, 22.00; N, 16.12. 

Antiinflammatory Dialkylaminoalkylureas 

WILLIAM E. COYNE AND JOHX W. CUSIC 

Dzatsion of Chemzcal Research, G .  D.  Searle R: Co , Chicago, Illinozs 60680 

Recezced Februai y 23, 1967 

A heries of dialkylaminoalkylureas were synthesized from various tricyclic amines and tested for their anti- 
inflammatory activity. 

Previous research in these laboratories has indicated 
that dialkylaminoalkylureas derived from benzyl- 
phenylamines possess antiinflammatory activity.' 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. IV. CUSIC, U. S. Patent 2,681,929 (1950) 

ortho positions of the two aryl groups by 0, NR, CH2, 
CH2CH2, CH=CH, and a single bond. These con- 
stitute the 10,ll-dihydrodibenz [b,f] [1,4]oxazepines, 
lO,ll-dihydro-5H-dibenzo [?),e J [1,4]diazepines, 6,B-di- 
hydrodibenz [a,d]azepines, S,G, ll,l?-tetrahydrodibenz- 
[b,f]azocines, 5,6-dihydrodibenz [b,f]azocines, and the 
phenanthridines, respectively. Dialkylaininoalkyl- 
ureas prepared from 10,ll-dihydrodibenz [b,f] [l,4]thia- 


