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The semicarbazone crystallized as heavy needles from water, 
mp 153-158" (lit.12 mp 155"). 

The p-nitrobenzoate crystallized from petroleum ether (bp 20- 
40"), mp 64-66". 

Anal. Calcd for ( k H 1 3 0 5 :  C, 61.84; H, 5.88; N, 4.81. 
Found: 

C. 2-Methyl-2-hydroxymethylcycloheptanone ( 10) .-Applica- 
tion of above general procedure produced an extremely viscous oil 
from epoxy alcohol 7. Gas chromatographic analysis indicated the 
presence of only 15% (of the desired keto alcohol 10 (see below). 

11. Reaction with Acidic Alumina. General Procedure.-A 
mixture of 1 g of bferck acid-washed alumina in 20 ml of dry ben- 
zene was refluxed with stirring under a Dean-Stark trap for 12 
hr. The solution was cooled slightly, and 1 mmole of epoxy alco- 
hol was added. The resulting mixture was then refluxed with 
stirring for the specified period of time, cooled, and filtered. The 
alumina was washed with methylene chloride, the combined fil- 
trate and washings were concentrated in vacuo, and the residual 
oil was analyzed by gits chromatography. 

A.  2-Methyl-2-hydroxymethylcyclohexanone (9) .-Employ- 
ment of the above general procedure with a 2-hr reaction time, 

C, 61.58; Hi, 5.83; N ,  4.65. 

produced keto alcohol 9 in 52% yield as measured by gas chro- 
matography. 

B. 2-Methyl-2-hydroxpmethylcycloheptanone (10) .-The re- 
arrangement of epoxy alcohol 7 was performed on a preparative 
scale. Thus, refluxing a benzene solution of 15.6 g (0.10 mole) 
of 7 with alumina overnight produced 11.9 g of a pale yellow oil, 
containing 7.65 g (49%) of keto alcohol 10 by gas chromatog- 
raphy. Distillation afforded 5.1 g (32.7%) of 10 as a colorless 
oil, bp 120-123' (8 mm). The semicarbazone melted at  148.5- 
150.5' after two recrystallizations from water. 

Anal. Calcd for CloHlpN30z: C, 56.31; H, 8.98; N, 19.70. 
Found: C, 56.20; H ,  9.03; N,  19.64. 

The semicarbazone was hydrolyzed by warming in 10% sulfuric 
acid on a steam bath for 15 min. The reacbion mixture was 
cooled and extracted with chloroform. The combined extract,s 
were washed with saturated sodium chloride solution, dried, con- 
centrated, and distilled to afford the pure keto alcohol 10: bp 
134-134.2' (16 mm); n z 4 , 9 ~  1.4827; Y::: 3460, 2941, 2874, 1701, 
1471, 1453, 1047, 1026 cm-l. 

Anal. Calcd for CgHleOz: C, 69.19; H ,  10.33. Found: C, 
68.94; H, 10.37. 
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a-Amino acids bearing perfluoroalkyl groups were synthesized from perfluoroalkyl-substituted alkanoic acids 
by CY bromination and CY amination. Addition of 1-iodopeduoropropane to ethyl alkenylacetamidomalonates 
and subsequent reactions gave alkenyl- and alkylmalonic acids having perfluoropropyl and acetamido substitu- 
ents. Decar- 
boxylation and hydrolysis then gave 5-perfluoropropyl-4hydroxy-2-aminopentanoic acid, which readily re-formed 
the ?-lactone when converted to an N-trifluoroacetyl derivative. Synthesis of an heptafluoro-a-aminodecanoic 
acid from 1-iodoperfluoropropane and ethyl 4pentenylacetamidomalonate was successfully demonstrated. 
High yields were secured in each step. 

The facile formation of y lactones from such propenylacetamidomalonic acids was observed. 

Free-radical addition of iodoperfluoroalkanes to Results 
alkenoic acids was used to prepare a series of long-chain 
iodoalkanoic acids having the general structure RF- 
CHzCH1(CH2)nCooH' where RF was a perfluoroalkyl 
group of one to ten carbons and n was an integer in- 
cluding 0-14. From these compounds the correspond- 
ing acids [RFCH=CH(CH2)'CooH ] and 
alkanoic acids [RF(CH2).+zCOOH] were synthesized.2 

Two complementary methods were studied in some 
detail. The terminally fluorinated alkanoic acid pre- 
pared by the sequence given above was brominated 
and then aminated by standard pro~edures.~J In  each 
case the RF group was perfluoropropyl, chosen for con- 
venience and because of the availability of n-perfluoro- 
propyl iodide. 

R. 
RFI + CH2=CH(CHz)nCOOR + RCFH~CHI(CHZ)~COOR 

PClS 
RF(CHZ),CHZCOOH -I- Brz + RF(CH2),,CHBrCOOH 

HC1\ Zn/alcohol ,/HdPt 

The yields in each step were excellent with the exception 
of RFI addition to  ,acrylate esters where telomerization 
and low conversion resulted.2v3 Very little is known 
about the corresponding a-amino acids bearing a ter- 
minal perfluoroalkyl group. Various alternative routes 
were explored in order to define a satisfactory procedure 
for the syntheses of these novel and potentially useful 
compounds. 

(1) This work was carried out,  in part, a t  the Illinois Institute of Tech- 
nology during the summers of 1964 and 1965 under the National Science 
Foundation College Teacher Research Participation Program. Helpful dis- 
cussions with Dr. Robert Filler are acknowledged. 

(2) N. 0. Brace, J .  Org. Chem., 27, 4491 (1962). 
(3) N. 0. Brace, ibid. ,  2T, 3027, 3033 (1962). 

n = 2 , 3  

The yield of a-bromo acids (70%) was somewhat 
better than that of the a-amino acids (50-60%), but 
improvement in the latter undoubtedly could be made 
in view of the reported yield5 of 95% for unfluorinated 
acids by this method. Displacement of bromine by 
azide ion also would appear to be usefuL6 The new a- 
amino acids were readily characterized, though they 
were very slightly soluble in water and were difficult to 
recrystallize. The N-trifiuoroacetyl derivative was ob- 
tained in excellent yield by the method of Weygand and 
Geiger.l 

(4) J. F. Greenstein and M. Winitz, "Chemistry of the Amino Acids," 
Vol. 3, John Wiley and Sons, Inc., New York, N. Y., 1961, p 2382. 
(5) S. Rirnbaum, S. C. F u ,  and J. P. Greenstein, J .  Bid. Chem., 208, 333 

(1953). 
(6) H. M. Walborsky and M. E. Baum, J .  Org. Chem., 21, 538 (1956). 
(7) F. Weygand and R. Geiger, Chem. Be?., 89, 647 (1956). 
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CFsCOOH 
RF(CHZ),CHNHZCOOH + (CF3CO)zO - 

RF(CHZ),CH (NHCOCF3)COOH 

n = 3  

Because of the inevitable loss of material in this 
five-step process from the costly RFI, it seemed prefer- 
able to introduce the perfluoro group as near to the 
final reaction as possible. Accordingly RFI was added 
to ethyl alkenyl-a-acetamidomalonates, prepared by 
the alkylation of the readily available a-acetamido- 
malonic ester with allyl bromide or with 5-bromo-l- 
~ e n t e n e . ~ ! ~  This is similar to  the previously reported 
reaction of n-perfluoropropyl iodide with ethyl allyl- 
malonate'O or the reaction with ethyl 4-pentenyl- 
malonat,e reported herein. These syntheses were 
chosen for study because of the possible difficulties in- 
volved in the first instance by lactone 
and to demonstrate in the second case the steps of a 
successful procedure. Free-radical addition of RFI 

C:OOCzHa 
ABN, SOo 

RFI + CHFCH(CHz)nLNHCOCHa I - 
I reflux 

COOCZHS 
1 

COOH 
1. A, Con 

2. NaOH/HzO I I 
RFCHZCHCHZ 8 NHz.HI - RFCHZCHCHZCHCOOH 

OH NHz 
2 

I I 0-c=o 

n = l  

to ethyl allylacetamidomalonate occurred normally, 
but the product isolated from an attempted reduction 
of 1 by hydrogen iodide turned out to  be 2-amino-4- 
hydroxy-6,6,7,7,8,8,8-heptafluorooctanoic acid (2) ap- 
parently derived from the lactone.12 The lactone was 
re-formed when the N-trifluoroacetamido derivative was 
prepared in trifluoroacetic acid as shown above.la 
After repetitive crystallization two substances were 
isolated having identiical infrared spectra and the same 
elemental composition. These were evidently the ex- 
pected cis and trans isomers of lactone 3. 

H H  
H++NHCOCF~ 

3 

The infrared spectrum showed the NH band at  3380, 
no carboxyl group bands, the y-lactone band" at  1780, 
and the NHCOCF3 band at  1720 cm-l. A similar re- 
sult occurred subsequent to alkaline hydrolysis of the 
adduct 1. As the sodium salt of the a-acetamido- 
malonic acid 4 was acidified, the unsaturated malonic 
acid lactonized and when heated lost carbon dioxide. 

(8) H. R. Snyder, J. F. Shelton, and C. D. Lewis, J. Am. Chem. Soc., 67, 

(9) N. F. Albertson. ibid., 68, 450 (1946). 
(10) N. 0. Brace, to E. 1. du Pont de Nemours and Co., U. S. Patent 

(11) N. 0. Brace, J. Ow. 'Chem., 29, 1247 (1964). 
(12) H. L. Goerinn, S. J. Cristol, and K. Dittmer, J. Am. Chem. Soc., 70, 

(13) M. F. Ansell and M. H. Palmer, J .  Chem. Sac., 2640 (1963). 

310 (1945). 

3,145,222 (Aug 18, 1964). 

3310, 3314 (1948). 

COONa 

COONa 
4 

COOH H 

5 
n = l  

The products 4 and 5 as isolated were insoluble in 
dilute sodium bicarbonate solution. Compound 5 also 
showed the band for a y-lactone in its infrared spectrum 
at  1780 cm-l. It would have been preferable to reduce 
the unsaturated malonic acid sodium salt in s01ution.l~ 

By contrast, the steps attempted above proceeded 
without difficulty when applied to the synthesis of 2- 
acetamido-8,8,9,9,10,10,1O-heptafIuorodecanoic acid. 

COOCzH, I NaOH 
RFCHZCH(CHZ)~C~HCOCH~ 

I I AOOCZH~ 
6 

H r P t  
RFCH=CH(CHz)a g... NHCOCHa 

RF(CHZ), IOoH NHCOCHa -+ RF(CHZ),CHCOOH 

I 
COOH 

7 

A, COz 

I 
NHCOCHo &OOH 

8 9 
n = 5  

The adduct 6 obtained in 81% conversion from 
ethyl 4pentenylacetamidomalonate, gave upon alka- 
line hydrolysis in 96% yield the unsaturated malonic 
acid 7. Hydrogenation of 7 over platinum at  45 psi 
gave 8 in quantitative yield. A toluene or xylene solu- 
tion of 8 at  the boil deposited insoluble 9. 

Yet to be preferred is a reaction sequence in which 
the amino group is relatively easy to regenerate and 
which requires a minimum of steps after the addition of 
RFI. Such is afforded by the following scheme. 

ABN 
RFI + CHz=CH(CHz)nCH(NHCOCFa)COOCHa + 

10 
Zn/HCl 

RFCHzCH(CHz)nyHCOOCHa I & 

f. IbHCOCFa 
11 

NaOH 
RF(CHz)n+ zCH (NHC0CFa)COOCHa __f 

12 
R~(cHz)n+ zCHCOOH 

I 
NHz 

Unsaturated amino acids have been synthesized in a 
few  case^.^.^^ The N-trifiuoroacetyl derivatives of the 
saturated analogs undergo ready hydrolysis in aqueous 
alkalL4 The N-trifluoroacetylamino acid methyl esters 
(10) are volatile and may be purified by di~ti1lation.l~ 

(14) Zinc reduction of 1 should also be studied as  a feasible method for the 

(15) F. Weygand and E. Csendes. Angem. Chem., 64, 136 (1952). 
synthesis of a-amino acids. 
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A one-step zinc reduction of adduct 11 appears feasi- 
ble,2,3 or an alkaline solution of the unsaturated amino 
acid may be hydrogenated over platinum oxide as was 
done previously.12 Careful acidification would be ex- 
pected to precipitate the saturated amino acid, leaving 
sodium iodide and other salts in solution. 

6-Heptenoic acid was prepared from ethyl acetamido- 
cyanoacetate and 5-bromo-1-pentene by the method of 
Albert~on.~ In further studies the sequence outlined 
above will be explored as a route to fluorinated a-amino 
acids. 

Experimental Section 
5-Bromo-1-pentene from Peninsular ChemResearch Inc. was 

redistilled twice, separating a cut, bp 126-127', n Z 4 ~  1.4620 
[lit. bp 125.6, n% 1.4632,16 and bp 74-76' (125 mm), n% 
1 .462417]. The corresponding datal* for 5-bromo-2-pentene are 
bp 121.7", n% 1.4695. Gas chromatographic analysis showed 
only one main component (6-ft Carbowax 20 M column at 90 or 
135'). 1-Iodoperfluoropropane (bp 41 ') from Columbia Organic 
Chemicals Co. or Pierce Chemical Co. was distilled on occasion 
or was used as received. Vinylacetic acid (3-butenoic acid) from 
Peninsular ChemResearch Inc. was redistilled and the cut [bp 
88-87' (34 mm), 72% 1.42291 was used. Ethyl acetamido- 
malonate (mp 95-96', from ligroine and carbon tetrachloride) 
and ethyl acetamidocyanoacetate (mp 132-133" , from water) 
were obtained from Winthrop Chemical Co. and were recrystal- 
lized before use. These solids were stored in a desiccator over 
phosphorus pentoxide. Vnless otherwise indicated the liquids 
were distilled in a 16-in. spinning-band column (column A). 
5,5,6,6,7,7,7-Heptafluoroheptanoic Acid.-A Carius tube was 

charged with vinylacetic acid (8.6 g, 0.10 mole), azobisisobutyro- 
nitrile (ABN, 0.33 g, 0.002 mole) , and 1-iodoperfluoropropane 
(60.0 g, 0.20 mole, 310 ml). At -70' the tube was evacuated, 
filled with nitrogen and evacuated twice, and sealed in vacuo. 
The tube was heated in an oil bath at  67' for 24 hr, cooled, and 
opened. 1-Iodoperfluoropropane (30 g) was removed and the 
residue (33.3 g, 87% yield) of crude 3-iodo-5,5,6,6,7,7,7-hepta- 
fluoroheptanoic acid was used for a zinc reduction. 

A 500-ml flask was fitted with a magnetic stirring bar, a reflux 
condenser, dropping funnel, and gas inlet tube. Absolute etha- 
nol (200 ml) was saturated with hydrogen chloride, 5.0 g of zinc 
(30-60 mesh) was added a t  60', and the crude iodo ester (above) 
in 50 ml of ethanol was added slowly (1 hr) . As needed, 5-g por- 
tions of zinc (total 25 g) and intermittent hydrogen chloride addi- 
tions were made to maintain foaming, over a 3-hr period. Water 
was added to the alcohol solution, and the liquid was extracted 
with benzene and ether. The organic extract was dried over 
magnesium sulfate and distilled. A forerun had bp 37-119' 
(140 mm), n% 1.3838, 2.2 g; and ethyl 5,5,6,6,7,7,7-hepta- 
fluoroheptanoate distilled, bp 120-121" (140 mm), TPD 1.3449, 
16.8 g (68% of theory), leaving a residue of 3.0 g. 

The ester (15.0 g, 0.063 mole) was hydrolyzed in aqueous 
solution (60 ml) containing 5.6 g (0.10 mole) of potassium hy- 
droxide on the steam bath for 4 hr. While cooling in an ice bath, 
hydrochloric acid (10 ml) was added. A heavy oil separated, 
which was extracted twice with chloroform (25 ml), and dried over 
magnesium sulfate. 5,5,6,6 ,7,7 ,7-Heptafluoroheptanoic acid dis- 
tilled (without a column) a t  br, 210-212', 11.2 g, nz 5D 1.3435 
(86% of theory). 

- 

Anal. Calcd for (:7Hd?@2: C, 32.8; H, 2.74; F, 51.9. 
Found: C. 32.48; H,  2.88; F ,  51.62. 

2-Bromo-5,5,6,6,7,7,7-heptafluoroheptanoic Acid.-5,5,6,6,7,- 
7,7-Heptafluoroheptanoic acid (10.0 g, 0.039 mole) , bromine (6.4 
g, 0.041 mole, 2.4 ml), and phosphorus trichloride (0.2 ml) were 
placed in a 100-ml flask fitted with a Dry Ice reflux condenser 
connected a t  the top to a water trap. Isopropanol and Dry Ice 
kept the condenser a t  .-lo to -20". The reaction mixture was 
stirred by a magnet bar, and was heated in an oil bath on a 
thermostatically controlled hot plate. The reflux temperature 
rose from 91 to 112' over a 2-hr period and after 6 hr most of 

(16) M. S. Kharasch and C. F. Fuchs, J .  Ow. Cham., 9, 359 (1944). 
(17) R. Ya. Levina and E. A. Viktorova, Veatnik. Moakov. Univ., 6 ,  No. 

8 ,  Ser. Fiz.-Mat. i Eateatva Nauk, No. 1, 89 (1951); Chem. Abatr., 46, 8605 

(18) H. L. Goering and 5%. J. Cristol.. J .  Am.  Chem. Soc., 70,3310 (1947). 
(1982). 

the bromine was used. The bath temperature finally reached 
142". Ether was added to the cold mixture and the liquid was 
extracted with cold water and with cold 5% sodium bicarbonate 
solution. Benzene (25 ml) was added to break the emulsion 
which formed. The organic extract was dried (magnesium sul- 
fate) and distilled in a Claisen flask, bp 142-158' (12 mm), 9.2 
g (71% of theory). 2-Bromo-5,5,6,6,7,7,7-heptafluoroheptanoic 
acid was redistilled in a 4-in. helices-packed column: bp 134- 
137' (8 mm), n2% 1.3765,4.1 g; and bp 137" (8 mm), n% 1.3820, 
2.9 g. 

Anal. Calcd for C~HeBrF702: C, 25.1; H ,  1.80. Found: 
C, 24.76; H, 1.89. 

5 , 5,6,6 ,7 ,7,7-Heptafluoro-2-aminoheptanoic Acid .-2-Bromo- 
5,5,6,6,7,7,7-heptafluoroheptanoic acid (5.0 g, 0.015 mole) was 
dissolved in 100 ml of anhydrous ethanol and ammonia from a 
cylinder bu"b1ed in while cooling in an ice-salt bath a t  1 to -1'. 
The temperature inside rose to 10" and fell to 0' during 0.5 hr. 
The flask was protected by a Drierite-filled tube. After 3 days 
the yellow solution was evaporated by a rotary evaporator (Roto- 
Vac) to dryness. The solid, warmed with 75 ml of ethanol, gave 
1.7 g of insoluble 2-amino-5,5,6,6,7,7,7-heptafluoroheptanoic 
acid, mp 242-243' dec. Recrystallized from 100 ml of 95% 
ethanol, it gave 0.8 g, mp 266-267' dec. The filtrate evaporated 
to dryness gave a second crop from 30 ml of 50y0 ethanol, 0.4 g, 
mp 262-263' dec. The filtrate now gave only an oil when cooled 
or evaporated. The 
amino acid gave a positive ninhydrin test. 

Anal. Calcd for CjHaF7N02: C, 31.0; H, 2.97; N, 5.18. 
Found: 

Ethyl 6,6,7,7,8,8,8-Heptafluoro-2-carbethoxyoctanoate.-l- 
Iodoperfluoropropane was previously added to ethyl allylmalo- 
nate.1° The reaction was repeated. From 0.15-mole amounts 
67.4 g or a 90% yield of crude ethyl 2-iodo4,4,5,5,6,6,6-hepta- 
fluorohexylmalonate was obtained. An infrared spectrum was 
identical with that of a previously distilled sample. A zinc re- 
duction of this material was carried out as described above. The 
product distilled at  bp 102" (2.5 mm), n Z 5 ~  1.3746, 35.1 g, and 
2.4 g, n% 1.3782, 74yo of theory. A residue of 7.1 g remained. 
6,6,7,7,8,8,8-Heptafluorooctanoic Acid.-Hydrolysis of ethyl 

6,6,7,7,8,8,8-heptafluoro-2-carbethoxyoctanoate (49.8 g, 0.135 
mole) was done in 330 ml of 90% ethanol containing 32.0 g (0.57 
mole) of potassium hydroxide. The liberated acid was extracted 
into ether and the (dry) ether solution was filtered through alu- 
mina and charcoal in a chromatography tube in an unsuccessful 
attempt to remove a yellow impurity. The acid (35.9 g, 857, 
of crude yield) was heated in a flask using a 4-in. helices-packed 
column for 0.5 hr up to a pot temperature of 190" (100 mm) and 
distilled, bp 162" (88 mm), 24.0 g (777, yield). It was care- 
fully fractionated in a 24411. spinning-band column (column 
B). Fractions I [bp 76-100" (4.0 mm), 1.0 g] and I1 [bp 102" 
(4.0 mm), 2.4 g (partially crystalline)] were yellow in color; frac- 
tion111 [bp 105' (4.0 mm), 16.7 g] was crystalline, mp 33-34.5'. 

Anal. Calcdfor CaH9Fj0z: C ,  35.61; H, 3.36. Found: C, 
35.33; H, 3.22. 

Bromination of 6,6,7,7,8 ,8, 8-Heptafluorooctanoic Acid .-6,6,- 
7,7,8,8,8-Heptafluorooctanoic acid (13.5 g, 0.05 mole), bromine 
(8.1 g, 0.051 mole, 2.8 ml), and phosphorus trichloride (0.2 ml) 
were heated as above for 9 hr a t  90-137". Ether (50 ml) was 
added to the brown solution and shaken with 25 ml of dilute so- 
dium bicarbonate solution; then twice with 25 ml of ice-water. 
An emulsion formed which was separated with the aid of salt. 
A heavy oil layer also formed which was probably the sodium salt 
of the acid. It was removed, acidified with hydrochioric acid, 
and extracted with ether. All ether extracts were dried over 
magnesium sulfate and distilled in a 4-in. helices-packed col- 
umn. 2-Bromo-6,6,7,7,8,8,8-heptafluorooctanoic acid distilled, 
bp 126-128' (5.0 mm) or 118' (1.0 mm), TPD 1.3869, a solid, mp 
45-45.4", 12.2 g (70% of theory). A holdup and residue of 2 
g were discarded. 

Anal. Calcd for CsFjHsBrO2: C, 27.63; H, 2.32. Found: 
C, 27.44; H, 2.25. 
6,6,7,7,8,8,8-Heptafluoro-2-am~ooctanoic Acid.-2-Bromo-6,- 

6,7,7,8,8,8-heptafluorooctanoic acid (11.7 g, 0.034 mole) was dis- 
solved in 150 ml of anhydrous ethanol and cooled to 0" in an ice- 
salt bath, and ammonia gas was passed in for 0.75 hr. The flask 
and condenser were protected by a Drierite-filled tube, which was 
left in place for 3 days. The amino acid was collected and air- 
dried, 3.0 g, mp 257' dec (sinters a t  243'). The filtrate was 
evaporated down in a Roto-Vac, the solid was taken up in 50 ml 
of hot ethanol and cooled, and the amino acid was collected, 0.3 g, 

The yield of product was 52% of theory. 

C, 30.75; H, 2.98; N,  5.52. 
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mp 264-265" dec (sint,ers at 255"). The filtrate was evaporated 
again, leaving a soft, tan solid which was completely soluble in 
water and gave a very foamy solution. Various attempts to 
recrystallize the solid failed. It seemed probable that it was 
mostly the ammonium salt of the a-bromo acid. Hence the re- 
action wit,h ammonia in ethanol was repeated, this time closing 
the flask while cold with a stopper held in place by a rubber band. 
In 1 day crystals had formed. After 3 days the solid was col- 
lected, 2.63 g, mp 254256" (sinters a t  240'). 

The filtrate was evapomted off and the solid was taken up in 
ethanol and chilled. Two crops (0.3 g) of crystals were col- 
lected, mp 244-246" dec (sinters a t  241'). Total yield was 6.0 
g (62% of theory). The amino acid gave a positive ninhydrin 
test.. 

Anal. Calcd for C8HloF;NOz: C, 33.7; H, 3.54; N ,  4.92. 
Found: 

Ethyl 4-Pentenylmalonate and Ethyl 6,6,7,7,8,8,8-Heptafluoro- 
octylma1onate.-Ethyl malonate (32 g, 0.2 mole) was added to a 
solution of sodium ethoxide (0.2 mole) in 250 ml of et,hanol a t  
80". Then 5-bromo-1-pent.ene (32.8 g, 0.22 mole) was added 
over a 0.5-hr period, and refluxing was continued for 9 hr. The 
ethanol and unreacted 5-bromo-1-pentene (strong odor) were 
dist,illed off and the residue was treated with water and extracted 
with carbon tetrachloride three times. The organic layers were 
dried and distilled in column B. Ethyl malonate (6.9 g) was 
recovered, along with et,hyl 4-pentenylmalonate, bp 121' (7.0 
mm), n*b  1.4327, 29.9 g (66% of theory). An infrared spec- 
trum showed that CHz=C)H was present and also a weaker band 
at 10.30 p which may be attributed to the presence of some et,hyl 
3-pentenylmalonatej resulting from isomerizat~ion by the strong 
base. 

1-Iodoperfluoropropane (29.6 g, 0.10 mole, 15 ml), ethyl 4- 
pentenylmalonate (above, 19.9 g, 0.088 mole), and ABN (0.33 
g, 0.007 mole) were charged to a 50-ml stainless steel cylinder, 
cooled to -70", and evacuated and filled with nitrogen three 
t,imes. The cylinder was heated in a water bat,h a t  85 4 5" while 
shaking occasionally for 6 hr. The cylinder was evacuated 
through two - 70" cold traps. A solid and liquid collected in t,he 
first trap. The liquid (15.2 g) was mostly l-iodoperfluoropro- 
pane. The solid (ca. 1.01 ml) melted at  room temperature and 
may possibly have been ethyl iodide, ethanol, or water. 

While warm the product in t,he cylinder was poured out (36.0 
g). An infrared spectrum showed weak CH,=CH bands, the 
10.30-p band and new bands at  2.80, 5.85, 8.52, 6.62, 8-9, and 
13.8 p not in the st,arting material. The product partly crystal- 
lized. After cooling to 0' the solid was filtered on a Biichner 
funnel, rinsed with petroleum ether (bp 67'), and air dried, 
2.0 g, mp 119-123' (sinters at 117"). Recrystallization from car- 
bon tet,rachloride gave mp 128-132' (sinters a t  123'). A second 
recrystallization gave mp 123-124". An infrared spectrum of 
the solid in chloroform solution showed a strong OH band at  
2.85, a CH band at 3.30, a very strong C=O band at 5.70, 
another C=O at  5.85 p,  and numerous higher bands. 

The filtrate (an oil) showed only a trace of OH band and a 
shoulder of the new band at  5.85, but had very st,rong C=O of 
the ester a t  5.70 p.  I t  was dist'illed without a column from an 
oil bath to remove unreacted ethyl 4-pentenylmalonate, bp 87- 
118" (1.0 mm), 7.5 g (387, recovery). The residual oil (27.8 
g, 54y0 yield) was chilled to 0', but no more solid separated. 
It was most'ly ethyl 4-iodo-6,6,7,7,8,8,8-heptafluorooctylmalo- 
nate . 

A zinc reduction was performed as described previously.2110 
Distillation without a column gave ethyl 6,6,7,7,8,8,8-hepta- 
fluorooctylmalonate, bp 105-112" (1.0 mm), 11.1 g, T L ~ ~ D  1.3830, 
and bp 120-122" (1.0 mm), 5.7 g, 72% 1.3848 (84% yield). A 
residue of dark brown solid (3.6 g) remained in the flask which was 
discarded. It probably contained some of the solid, mp 119- 
123" (above). The infrared spectrum was consistent. Fur- 
ther investigation of the solid by-product will be required. 

Ethyl Ally1acetamidorn.alonate.-The method of Albertsong 
was used. Redistilled allyl bromide (26.6 g, 0.22 mole) was 
added to a solution of ethyl acetamidomalonate (40.2 g, 0.20 
mole) in anhydrous ethanol (200 ml) containing sodium ethoxide 
prepared by the addition of sodium (4.6 g, 0.20 mole). The re- 
action mixture was stirred under a nitrogen atmosphere through- 
out addit.ion and during 20-hr reflux period. Ethanol was dis- 
tilled from the neutral slurry, the residue was dissolved in water 
(200 ml), and an oil was extracted into chloroform. Evaporation 
gave a product as an oil (45.7 g, 907, of theoIy) which solidified, 
mp 38-39' (lit.@ mp 46O)., An infrared spectrum was consistent,. 

C, 33.53; H, 3.48; N, 5.32. 

Ethyl 4-Pentenylacetamidomalonate.-Reaction of 5-bromo-l- 
pentene with ethyl acetamidomalonate was carried out on 0.1- 
mole scale as in the previous section. The oil (18.5 g) eventually 
recovered after evaporation of benzene and hexane used in an at- 
t.empted crystallization was 65% of theory. An infrared spec- 
trum showed the CHt=CH band at  1640 and at 995, NH band at  
3420, and CO bands at  1734 (COOH), and 1670 cm-l (CONH). 
These data are consistent with the anticipated structure. 
Though this is a new compound it's analysis was not secured 
since purificat'ion was not successful. 

Ethyl 4-Pentenylcyanoacetamidoacetate and 2-Amino-6-hepte- 
noic Acid.-Synthesis was done as in the section above using re- 
crystallized ethyl acetamidocyanoacetate. Although the allyl 
derivatives and the 3-pentenyl derivative12 are known, t.his com- 
pound had not been reported. Unfortunately the reaction gave 
a dark oil (89% of theory) which solidified a t  O", but could not be 
crystallized. The product had an infrared spectrum similar to  
ethyl 4-pentenylacet,amidomalonate, but a weak band at 965 
em-' appeared. 

The product was hydrolyzed to 2-amino-6-heptenoic acid by re- 
fluxing in 10% sodium hydroxide solution as done by Albertson.9 
The a-amino acid was obtained as white powder (mp 275-278" 
dec) in 71 % yield. It was recrystallized from water, mp 285-286'. 

Anal. Calcd for C;H18NOS: C, 58.7; H, 9.15. Found: C, 
58.52; H, 9.12. 

Free-Radical Addition of 1-Iodoperfluoropropane to Ethyl 4- 
Pentenylacetamidoma1onate.-In a 100-ml, round-bottom flask 
fitted wit,h a nitrogen inlet tube surmounted by a Dry Ice reflux 
condenser and an addition funnel was placed azobisisobutyroni- 
trile (0.32 g, 0.002 mole) and ethyl 4-pentenylacetamidomalonate 
(17.5 g, 0.06 mole). The flask was immersed in an oil bath a t  
71" and st'irred by means of a magnet bar while l-iodoperfluoro- 
propane (23.6 g, 0.08 mole) was added. Refluxing ceased in 3.5 
hr. The tan liquid product (40.6 g) showed very weak olefinic 
absorption bands in the infrared spectrum. 1-Iodoperfluoropro- 
pane (8.0 g, 0.026 mole) was added and the reaction mixture was 
refluxed (74") for 5 hr. Volatile material (14.1 g) was removed a t  
reduced pressure giving solid 6 (28.2 g, 81% conversion). A4 
small sample recrystallized from benzene and n-hexane mixture, 
mp 75-76". An infrared spectrum showed none of the olefinic 
bands present,. 

Recrystallization of the entire 28.2 g of 6 was not entirely 
satisfactory. From 20 ml of benzene and 100 ml of n-hexane at  
0" 15 g (mp 65-73") was obtained. The filt,rat'e gave on evapora- 
tion at  0" 6.0 g, mp 53-80' (sinters a t  28"). Recrystallizat,ion 
of the 15 g from methylcyclohexane (105 ml) a t  0" gave white solid 
and yellow lumps, mp 73-76'. Redissolved in benzene, passed 
down alumina, and chilled, the mixture gave 2.2 g, mp 77-78.5" 
(sinters at 74"). 

-4nal. Calcd for C I ~ H ~ ~ F , I N O ~ :  C, 35.2; H,  4.0. Found: 
C, 34.85; H, 4.05. 
6,6,7,7,8,8,8-Heptafluoro-4-octenylaceta~idomalonic Acid (7). 

-The mother liquor (above) was evaporated off giving 13.0 g and 
solid adduct (6 g) was added to make a total of about 20 g (ca. 
0.05 mole) of 6. Sodium hydroxide (12.0 g, 0.30 mole) as 10% 
aqueous solution and 20 ml of 95% aqueous ethanol were heated 
with 6 on a steam bath for 1 hr at reflux. Ethanol was evapor- 
ated and the solution was cooled to 10" and acidified with con- 
centrated hydrochloric acid at, 0-5' while stirring. After stand- 
ing overnight, 7 was collected, rinsed with two 25-ml port'ions of 
water (some dissolved), and dried in air (9.0 g), mp 100-102' 
dec. The filtrate was extracted with ether. Evaporation gave 
4.13 g of low-melting 7. An in- 
frared spect,rum (Nujol mull) showed NH, COOH, CONH, and 
CH=CH bands at the anticipated places. 

ilnal. Calcd for C1SH14F7N05: C, 39.35; H, 3.56; I?, 33.5. 
Found: C, 39.23; H, 3.60; F,  33.52. 
6,6,7,7,8,8,8-Heptafluorooctylacetamidomalon~c Acid.-Com- 

pound 7 (6.5 g, 0.016 mole) in 60 ml of 90% aqueous ethanol at 49 
psi (initial) of hydrogen pressure was shaken with 0.20 g of plati- 
num oxide for 20 hr. After filtration, solvent was removed by 
rotary evaporator and 8 was recovered (6.5 g, 100~o) ,  mp 107- 
108" dec. An infrared spectrum now showed the COOH and 
CONH bands, but. no CH-CH band at  10.30 p.  Dilute potas- 
sium permanganate solution was not decolorized by 8. Com- 
pound 8 was insoluble in hot, benzene, acetone, or chloroform but 
dissolved in toluene to which a small amount of 957, ethanol was 
added. The compound was isolated as t.he monohydrate. 

Anal. Calcd for C13H18F;N06: C, 37.5; H, 4.35; F, 31.9. 
Found: C, 37.5; H, 4.2; F, 31.7. 

The total yield of 7 was 96Tc. 
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2-Acetamido-8,8,9,9,10,10,1O-heptafluorodecanoic Acid .- 
ComDoiind 8 (0.50 g, 1.2 mmoles) in 10 ml of toluene was heated 
to boiling. The compound slowly dissolved with gas evolution, 
and after 0.5 hr began to precipitate from solution. After 2 hr 
a small sample of white powder was removed, mp 194-197', and 
an infrared spectrum showed the NH band at 3320, the carboxyl 
group at  1655, the amide carbonyl a t  1600, and amide "11" band 
at  1530 cm-1. The mixture was diluted to 25 ml and the product 
was brought into solution with a few drops of isopropyl alcohol. 
Compound 9 (0.144 g, 30YG conversion) crystallized, mp 198- 
200". Compound 9 was readily soluble in 5% aqueous sodium 
bicarbonate solution Successive fractions (0.30 g) containing 8 
and 9 were obtained (95% recovery). The sample was isolated 
as the monohydrate. 

Anal. Calcd for ~ G z H ~ J ? ~ N O ~ :  C, 38.7; H, 4.76; F, 35.65. 
Found: 

2-Amino-4-hydroxy-6,6,7,7,8,8,8-heptafluorooctanoic Acid.- 
Ethyl allyl acetamidomalonate (22.8 g, 0.088 mole), n-hepta- 
fluoropropyl iodide (28.0 g, 0.095 mole) and ABN (0.32 g, 0.002 
mole), in a 100-ml flask purged with nitrogen and kept a t  reflux 
temperature under a Dry Ice reflux condenser, was heated by 
means of an oil bath at 74-78' for 6 hr. The unreacted RFI (1.1 
g) was pumped off, leaving 49 g (100%) of crude adduct (ethyl 
2-iodo-4,4,5,5,6,6,6-l~eptafluorohexylacetam~domalonate) as a 
light tan oil which could not be induced to crystallize. Analogous 
reaction employing ethyl allylacetamidocyanoacetate as olefinic 
substrate could not be made to take place in several attempts. 

Attempted Reduction and Hydrolysis.-Hydrogen iodide (65.6 
ml of 50% aqueous solution, 0.44 mole) was added to the oil and 
the mixture heated under reflux for 5 hr a t  70-99'. A solid, 
crystalline mass was formed. Xylene (35 ml) was added and 
the foamy mixture was refluxed for 5 hr and the xylene-water 
azeotrope removed using a Dean-Stark tube. Considerable 
foaming occurred and it was necessary to separate the xylene and 
water distillate layers, and evaporate down the water layer to 
recover part of the product. 

The combined aqueous, crystalline salt mixture was brought 
into solution a t  60" in 400 ml of water and 400 ml of 0.05 AT so- 
dium hydroxide solution was added by buret using a pH meter to 
bring the pH to 4.0. A precipitate of white solid appeared as 
the pH was raised above 1 .O. The solid was washed with water 
and dried, 11.8 g, mp 210-216" dec (sinters at 192"). The clear 
filtrate was taken to a, pH of 4.2 by addition of sodium hydroxide 
solution and evaporated to 500 ml to give solid, 4.2 g, mp 230- 
231' dec. The fi1trai:e was raised to a pH of 5.0 and evaporated 
to 200 ml, yielding solid, 0.28 g, mp 210' dec. The total re- 
covery of 2-amino-4-hydroxy-6,6,7,7,8,8,8-heptafluorooctano~c 
acid xas  16.3 g, 63% One gram was recrystallized from 600 ml 
of water a t  the boil. The first crop [0.63 g, mp 234-236' dec 
(sinters a t  227')] was used for derivatives and an infrared spec- 
trum (Nujol mull). A strong bonded OH a t  3000-3300, COOH 
(salt form) a t  1610 and 1590, a strong band a t  1510-1530, CF3 
bands at  1170, 1210, and 1220, and bands a t  1112, 1108, 1080, 
955, and 925 cm-l appeared. Bands not in 2-amino-6,6,7,7,- 
8,8,8-heptafluorooctanoic acid were observed a t  1270, 1450, and 
1520 cm.-l 

Anal. Calcd for C8H10F7N03: C, 31.95; H, 3.36; F,  44.20. 
Found: 

2-Trifluoroacetamitio-4-hydroxy-6,6,7,7,8,8,8-heptafluoroocta- 
noic Acid 7-Lactone.--Two trifluoroacetyl derivatives were iso- 
lated from 2-amino-4-hydroxy-6,6,7,7,8,8,8-heptafluorooctanoic 
acid (2.85 g, 0.0095 mole), trifluoroacetic acid (6.0 ml), and tri- 
fluoroacetic anhydride (2.78 g, 1.76 ml, 0.0132 mole) according 
to the procedure used with amino acids.? In  this instance the 
solution became very 1,hick at  - 10" and additional trifluoroacetic 
acid (3 ml) was added to permit stirring. Extracting with ether 
gave 1.3 g of soluble product and 2.4 g of insoluble solid (all of 
the product was soluble in hot toluene). Fractional crystalliza- 
tion from toluene gave, after several repetitions, a solid, mp 115- 
117.5' and another substance, mp 147-149'. The infrared 
spectra (Nujol mull) of these compounds were identical. An 
NH band at  3380 (no COOH band), ylactone at  1780, NHCO- 

C, 38.52; 13, 4.10; F, 35.3. 

C, 32.3; H, 3.38; F ,  44.6. 

CF3 a t  1720, amide "11" band a t  1550, 1560, CF3 a t  1220 and 
1165, and bands at 1120, 1070,1080, and 1010 cm-1 appeared. 

The compounds were insoluble in 5% aqueous sodium bi- 
carbonate solution, but dissolved in 10% aqueous sodium hy- 
droxide solution. Acidifying with dilute hydrochloric acid did 
not reprecipitate the compound. The product also was re- 
crystallized from carbon tetrachloride containing sufficient ace- 
tone to give solution at  the boil. The two isomers gave the 
same elemental analysis; they are therefore the anticipated cis 
and trans forms of 2-trifluoroacetamido-4-hydroxy-6,6,7,7,8,8,8- 
heptafluorooctanoic acid ?-lactone. 

Anal. Calcd for CIOH~FIONO~: C, 31.7; H ,  2.39; F, 50.05. 
Found: (mp 115-117.5"): C, 31.80; H, 2.10; F ,  50.10. Found 
(mp 147-149'): C, 31.76; H, 2.15; F, 49.94. 

N-Trifluoroacetyl Derivative of 6,6,7,7,8,8,8-Heptafluoro-Z- 
aminooctanoic Acid.-A solution of title compound (0.71 g, 
0.0025 mole) in anhydrous trifluoroacetic acid (1.50 ml, 2.3 g, 
0.02 mole) was stirred magnetically under a slow nitrogen purge 
in a flask equipped with a dropping funnel and a Dry Ice re- 
flux condenser. The clear solution was cooled to -15" and 
0.43 ml (0.63 g, 0.003 mole) of trifluoroacetic anhydride was 
added. The temperature was allowed to rise to 25' during 0.5 
hr; the trifluoroacetic acid and anhydride pumped off into a 
-70" trap down to 1 mm, keeping the temperature below 30'. 
The residue n-as dissolved in ether and filtered, the ether was 
evaporated off, and the solid was recrystallized from 15 ml of 
toluene as needles, 0.535 g, mp 111-113.2'. An additional 0.15 
g of product was obtained by successive evaporation of the mother 
liquor (yield 71 %). Recrystallization again from toluene gave 
platelets (mp 100-102") but on powdering the melting point 
reverted to 112.5-113'. In  another preparation both crystal 
forms evidently were produced since the substance started to 
melt a t  100-103" and the remainder melted at  110-103". 

An infrared spectrum run as a mineral oil mull gave the NH 
band at  3350, COOH (bonded) a t  3000-3200, CF,C=O a t  1754, 
COOH a t  1722 and 1690, "amide 11" a t  1560, "111" a t  1275, 
CFI at  1220 and 1180, and bands a t  1140, 1115, 1040, 1025,950, 
920, 910, 825, 765, 725 (twTo), and 632 cm-l. The CF&O band 
in CFaCONHCHd2OOCHs (loyo in CCl4) was also a t  1755 cm-l. 

The product was soluble with reaction in 5% aqueous sodium 
bicarbonate solution and reprecipitated when acidified. 

Anal. Calcd for Ci"HgFlo?\TOs: C, 31.55; H, 2.38; F, 49.9. 
Found: 

Aqueous -Hydrolysis of Ethyl 2-Iodo-4,4,5,5,6,6,6-heptafluoro- 
hexylacetamidomalonate (I).-Title compound was prepared as 
described above. The infrared spectrum showed bands for 
amide at  3420 and 1675, ester a t  1740, absence of olefin bands at  
3080, 1640, and 995, a band a t  1450, and bands a t  1300-1200 
cm-', indicating the correct structure. A solution of 36.2 g 
(0.065 mole) of compound in 100 ml of alcohol was heated for 
0.5 hr with 200 ml of 10% aqueous sodium hydroxide. The clear 
solution stood for 2 days, and was acidified a t  15-18' with con- 
centrated hydrochloric acid. A solid [2.0 g, mp 193-198' dec 
(sinters at 173O)] precipitated, which appeared to be the desired 
malonic acid. On standing 4.8 g of solid precipitated (mp 100- 
107'); after evaporation it yielded 1.8 g, mp 97-185'. The fil- 
trate evaporated in a rotary evaporator gave a solid mix- 
ture. 

A sample (0.105 
g) in 10 ml of acetone was filtered at the boil, and on cooling gave 
0.042 g, mp 98-99"; a second crop gave 0.033 g, mp 93-97'. 
Infrared spectra of the two samples were identical and showed 
an KH band a t  3300, a y-lactone band a t  1780, the NHCOCHI 
band a t  1650, and the amide "11" band a t  1540 cm-l. The 
sample was insoluble in 5% sodium bicarbonate solution. The 
infrared spectrum and properties resembled closely that of the 
corresponding N-trifluoroacetyl derivative. The reaction prod- 
ucts therefore included the unsaturated malonic acid and the y- 
lactone of 2-acetamido-4-hydroxy-6,6,7,7,8,8,8-heptafl~~oroocta- 
noic acid (5). 

Anal. Calcd for ClOHloF7NOa: C, 36.87; H, 3.11; F, 40.95. 
Found: 

C, 31.48; H, 2.18; F, 49.70. 

The 4.8-g fraction was treated separately. 

C, 37.00; H, 3.03; F ,  41.1. 


