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The reactions of fluorinated 3-keto esters with aliphatic primary amines and 1,Zdiaminoethane have been 
studied. The factors which determined the preferential formation of five- or seven-membered rings, from 1,2- 
diaminoethane and ethyl 4,4,4-trifluoro-3-ketobutanoate ( l ) ,  were established. Possible reaction paths for these 
cyclizations are proposed. The reactions of 1 with amines were extended to substituted 1,2-diamines, 1,3- 
diamines, 1,2- and 1,3-amino alcohols, and cysteine. The stereochemistry of some of the substituted imidazo- 
lidineacetic esters w a ~  investigated. 

The reactions of aromatic 1,2-diamines and ethyl 3- 
ketobutanoate have been the subject of several publica- 
tions. ' The formation of various products under differ- 
ent reaction conditions has generated continued interest 
in this field. The condensation of ethyl 4,4,4-trifluoro- 
3-ketobutanoa8te (1) with various aromatic amines has 
been investigated in this laboratory. More recently 
we became interested in the reactions of 1 with 1,2-di- 
aminoethane.3 The reactions of aliphatic 1,2-diamines 
with 3-ketobutanoates have received much less atten- 
tion than those of their aromatic analogsO4 Ethyl 3- 
phenyl-3-ketopropanoate and 1,2-diaminoethane were 
reported to give 7-phenyl-l,2,3,4-tetrahydro-1,4-di- 
azepin-&one in low yieldsU6 When ethyl 3-ketobuta- 
noate was treated with 1,2-diaminoethane, the expected 
1,4-diazepin-5.-one was not formeda6 A product identi- 
fied as diethyl 3,3'-(N,N'-diaminoethyl)bis-2-butenoate 
was isolated instead, 

The reactions of fluorinated 3-ketobutanoates with 
aliphatic diamines proved to be more complex. Re- 
cently, we have reported the isolation of 1,2,3,4-tetra- 
hydro-7-trifluoromethyl-1,4-diazepin-5-one (2) and 
ethyl 2-(trifluoromethyl)-2-imidazolidineacetate (3) 
from the reaction of 1,2-diaminoethane and l .3  The 
yields of 2 and 3 were low (16 and 25%, respectively) 
and a large amount of undistillable tarry product was 
also obtained, The purpose of the present investiga- 
tion was to establish favorable conditions for these con- 
densations anld to elucidate the mechanism of addition 
of l12-diamines to 3-keto esters. 

Results and Discussion 
The condensation of the keto ester, 1, and 1,2-diami- 

noethane was conducted in different solvents and the 
order of addition of the reactants was varied. When 1 
was added to the diamine, in refluxing benzene, the yield 
of imidazolidine, 3, was increased to 36%, while the 
yield of diazepinone, 2, decreased to 10%. In  ethanol 
only the imidazolidine (18.5%) was obtained although 
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the isolation of other diazepines has been reported under 
similar conditions.' 

When 1,2-diaminoethane was added to 1, in refluxing 
benzene, the yield of 3 increased to 81% but again no 
diazepinone could be isolated. The results obtained 
from various experiments pointed to the following 
trends: higher temperatures and a basic medium pro- 
moted diazepinone formation. An acidic medium in- 
creased the percentage of imidazolidine. Nonpolar sol- 
vents improved the yields of both 2 and 3. This data 
suggested that the pH of the medium determined the 
initial site of attack. To differentiate between the two 
possible sites of attack in 1, the keto carbonyl or the 
ester carbonyl, by the amine, the reaction of 1 with 1- 
aminopentane was investigated. It was expected that 
under acidic conditions an enamine, 3-( 1-penty1amino)- 
4,4,4-trifluoro-2-butenoate (4) would be formed. In 
basic medium, an amide, N-(  l-pentyl)-3-keto-4,4,4- 
trifluorobutanamide should be obtained. 

When 1-aminopentane was added to a refluxing ben- 
zene solution of 1, 4 was obtained in good yield. The 
ir spectrum of 4, in carbon tetrachloride, showed two 
bands of about equal intensity in the carbonyl stretch- 
ing region at  1670 and 1630 cm-' and a weak (about 
5%) band a t  1740 cm-l. Also two concentration-inde- 
pendent bands at  3280 and 3225 em-l were present. 
The higher carbonyl frequency band at  1670 cm-1 could 
be assigned to the hydrogen-bonded a,@-unsaturated 
ester carbonyl (4a), and the 1630-cm-' band to the a,@- 
unsaturated imine (4b). The two bands in the 3200- 
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cm-' region were assigned to the NH and -OH stretch 
of 4a and 4b, respectively. Further evidence for the 
existence of the tautomeric equilibrium 4a ;t 4b and the 
virtual absence of 4c was supplied by the nmr spectrum 
of 4 which showed a broad peak a t  6 8.27 (1 H) for the 
NH-OH proton and a sharp singlet at  6 5.04 (1 H) for 
the vinyl hydrogen but, no absorption for the 2-methyl- 
(7) D. Lloyd, R. H. McDougall, and D. R. Marshall, J .  Chem. Sac. C, 

780 (1966). 
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ene protons of 4c. Similar results have been observed 
for the products of amines with 1,3-dicarbonyl com- 
p o u n d ~ . ~ ~ J ~ * ~ ~  The same type of tautomeric equilib- 
rium has also been postulated for these products. 

The addition of 1 to a refluxing benzene solution of 
1-aminopentane afforded a waxy solid whose molecular 
formula was CnHzoFaNOa. The same product could be 
formed by mixing the amine and 1 a t  room temperature, 
either neat or in carbon tetrachloride solution. The ir 
spectrum of this product showed broad bands in the 
3300-2400-cm-l region and a band a t  1580 cm-I typical 
of amine salts. Two relatively weak carbonyl bands a t  
1680 and 1640-cm-l were also present. This data sug- 
gested 5, a structure similar to that of metal chelates. 

C&AHJ 
5 

However, dicarbonyl chelates show only one carbonyl 
band with shoulders at  higher and lower frequencies,'O 
indicating a closer equivalence of the two carbonyls than 
that present in 5. The nmr spectrum also supported 
this structure by showing the expected alkyl resonances 
and a singlet a t  6 5.05 (1 H) assigned to the vinyl proton. 
A relatively sharp peak at  6 7.88 (3 H) was assigned to 
the alkyl ammonium ion. Its narrow half-width (3 Hz) 
indicated rapid exchange and equivalence of the three 
protons on the nmr time scale. 

Compound 5 could be converted to 4 by heating 5 a t  
150" for a short period of time. Although these condi- 
tions were more drastic than those used in the original 
condensation of 1 with 1,2-diaminoethane, the isolation 
of 5 suggested the possibility of a similar salt as a precur- 
sor in the reaction of 1 with diamines. 

When ethyl 3-methoxy-4,4,4-trifluoro-2-butenoate 
(6) was treated with 1-aminopentane a t  0", ethyl 3- 
methoxy-3- (1-pentylamino) -4,4,4-trifluorobutanoate 
(7) was isolated. At room temperature 7 eliminated 
methanol and in about 3 days a quantitative conversion 
to 4 occurred. These results supported the possibility 

CF3n0c2H5 C,H,,NH, ~ 

OCHB 0 

N-H 0 
I I 

of an intermediate carbinolamine in the reaction of 1,2- 
diaminoethane and 1. 

The addition of 1,2-diaminoethane to a refluxing ben- 
zene solution of ethyl 3-keto-4,4,5,5,5-pentafluoropenta- 
noate (8) yielded three products, ethyl 2-(perfluoro- 
ethyl)-2-imidazolidineacetate (9), N-(2-aminoethyl)-3- 
hydroxy-4,4,5,5,5-pentafluoro-2-pentenamide (lo), and 
an addition compound of molecular formula CDHI~FS- 
(8) M. M. Joulli.4, 8. Nasfay, and L. Rypetat, J .  Org. Chem., 21, 1358 
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Nz03 (11). Their of 11, in chloroform, showed a broad 
absorption band a t  3400-2300 cm-I and a band 
at  1570 cm-I characteristic of amine salts. A single 
carbonyl absorption was seen a t  1675 cm-l. The nmr 
spectrum of 11 in deuteriochloroform showed a quartet 
at  6 4.04 (2 H, J = 7 Hz) and a triplet a t  1.22 (3 H, J = 
7 Hz) due to the ester methylene and methyl groups. A 
singlet a t  6 2.90 (4 H) was assigned t o  the methylenes of 
the diamine. The area under the two remaining peaks 
a t  6 5.07 and 5.37 integrated to six protons; by time- 
averaging, the ratio was shown to be exactly 1 : 5. The 
smaller peak was assigned to the vinyl proton (6 5.07) 
and the larger one at  5.37 to the ammonium ion protons. 
The five protons formed a rather sharp peak 4 Hz wide 
at  half-height, suggesting rapid exchange. Their posi- 
tion indicated that they were more shielded than those 
of 5. A structure consistent with the above informa- 
tion is the 1,2-diaminoethane salt of 8, which may be 
formulated as 11. The structural assignment for this 

C~H&H; 

compound is supported by its facile transformation into 
the amide salt 10. This is in contrast with the behavior 
of 5.  When 5 is heated, the ammonium ion cata1yz;es 
the attack as the ketone carbonyl and 4 is formed exclu- 
sively. In compound 11, one of the amino groups ap- 
pears to be favorably located for nucleophilic attack at  
the ester carbonyl. 

When 1,Bdiaminoethane was added to an ice-cold so- 
lution of l in carbon tetrachloride, a salt (12) was ob- 
tained in a,lmost quantitative yield. Although stable 
a t  room temperature when dry, this salt decomposed in 
solution making spectroscopic studies difficult. I ts  ir 
spectrum was similar to that of 11. I ts  nmr spectrum, 
less than 1 min after solution, in deuteriochloroform, 
showed the same peaks as 11 and peaks due to the am- 
monium ion and vinyl proton a t  6 5.12 and 5.04, respec- 
tively. Within 5 min the latter peaks coalesced into a 
broad peak and a new peak appeared at  6 2.75. Inte- 
gration of this spectrum was not possible. When a 
chloroform solution of 12 was allowed to stand over- 
night at  room temperature, it yielded the corresponding 
amide salt 13. When this salt was heated a t  170" for 
a short time, the diazepinone 2 was obtained. 

To extend the scope of this reaction, the condensation 
of 1 with substituted 1,2-diamines was studied. The 
addition of 1,2-diaminopropane to 1 afforded a good 
yield of the expected ethyl 4-methy1-2-(trifluoro- 
methyl)-2-imidazolidineacetate (14). An isomeric mix- 
ture of two dl pairs in which the methyl and trifluoro- 

11 



FLUORINATED %KETO ESTERS WITH AMINES J .  Org. Chem., Vol. 36, No. 1, 1971 39 

methyl groups may be cis or trans was expected (14a, 
14b). 

CH,NH2 

1 + CHNHB - I C&, 

I 
CH3 

14a 14b 
H 

CH,NH, I 
I 
I 

CHNH, + 1 % 
CHJ I o  

H _. 

15 16 

Separation of the possible isomers could not be ac- 
complished either by distillation on a spinning-band 
column or by vapor phase chromatography on a variety 
of columns. Evidence for an isomeric mixture was pro- 
vided by the nmr spectrum. The peaks due to the ester 
methylene, ring methylene, a-methylene, and ISH pro- 
tons were found a t  6 4.16 (2 H, J = Hz), -3.2, 2.63, 
and 2.51, respectively. The ring methine proton was 
hidden under the a-methylene and NH protons (5 H). 
The peak due to the ester methyl a t  6 1.28 (J = 7 Hz) 
was partly superimposed upon two doublets due to the 
methyl groups of the cis and trans forms at  6 1.14 (J = 
6 Hz) and 1.11 (J = 6 Hz). The trans isomer would be 
expected to be somewhat less shielded although this as- 
signment is not certain.'l 

When 1 wars added to 1,2-diaminopropane, a solid was 
formed in addition to the imidazolidine mixture 14. 
This solid was the amide salt, N-(2-aminopropyl)-3- 
hydroxy-4,4,4-trifluoro-2-butenamide (15) which was 
converted to 1,2,3,4-tetrahydro-2-methyl-7-trifluoro- 
methyl-l,4-diazepin-5-one (16) by heating. The posi- 
tion of the methyl group in the compounds was not as- 
certained. It was assumed that the primary amino 
group would attack the ester carbonyl preferentially 
since it should be less sterically hindered. 

The next substituted diamine used was 2,3-diamino- 
butane prepared by the reduction of dimethylglyoxime 
with Raney aluminum-nickel alloy in aqueous sodium 
hydroxide. A mixture of the dl and meso isomers was 
used; thus a mixture of three geometric isomers was ex- 
pected, 17a, 17b, and 17c. 

17a 17b 

Vapor phase chromatography of the product showed 
only two peaks of about equal area. These peaks ap- 
peared to be due to the reaction products of the two iso- 
meric diamines, imidazoline 17a from the dl isomer and 
a mixture of 17b and 17c from the meso isomer. The 
lower boiling material (A) was a solid a t  room tempera- 
ture while the higher boiling material (B) was a liquid 
and probably a mixture of two isomers. The ir spectra 
of A and B were almost identical and very similar to the 
spectrum of 14. The nmr spectra of A and B were, 
however, quite different. 

The nmr spectra of both A and B showed the ester 
methylene peak a t  6 4.16 (2 H, J = 7 Hz), the a-methy- 
lene peak a t  2.61 (2 H), the ISH protons at  2.74 (2 H), 
and the ester methyl group at  1.28 (3 H, J = 7 Ha). 
Isomer A exhibited a broad peak at  6 2.75 (2 H) which 
could be assigned to the ring methine protons and two 
doublets centered a t  1.12 and 1.08 (6 H, J = 5.5 Ha) 
which could be assigned to the methyl side chains. The 
spectrum of B showed a multiplet centered a t  6 3.45 (2 
H) ascribed to the ring methine groups and a doublet 
a t  0.97 (6 H, J = 6.3 Hz) assigned to  the methyl side 
chains. These results are consistent with those ob- 
tained for 2,2,4,5-tetramethyl-1,3-dioxolane where the 
chemical shift of the ring methines in the trans isomer 
were 0.77 ppm upfield from the cis isomer and the 
methyl side chain in the trans isomer absorbed 0.10 ppm 
downfield from that of the cis isomer ( J  = 5.9 and 6.3 
Hz, respectively).12 These data appear to support the 
assignment of the cis-trans form 17a to isomer A and 
that of cis-cis or trans-trans 17b or 17c to isomer B. 
Since no doubling of the methyl peaks is evident, only 
one isomer appears to be present. The assignment of 
the doubling of the methyl peaks in A to cis-trans isom- 
erism was supported by the nmr spectrum of ethyl 4,4- 
dimethyl-2- (trifluoromethyl ) - 2 - imidazolidineacetate 
(18). The peaks due to the ester methylene, a-methy- 
lene, and ester methyl are a t  6 4.16 (2 H, J = 7 Hz), 
2.61 (2 H), and 1.28 (3 H, J = 7 Hz), respectively. 
These chemical shifts are identical with those of the di- 
methylimidazolidine isomers. A peak at  6 2.87 (2 H) 
was assigned to the ring methylene protons and the NH 
proton absorption was a smeared out peak between 6 2.1 
and 3.1 (2 H) which disappeared upon deuterium ex- 
change with DzO. The methyl side chains absorbed at  
6 1.17 (3 H) and 1.22 (3 H). The difference in chemical 
shift between these two peaks, 3 Hz, is in good agree- 
ment with the values of 2 Hz for 14 and 2.5 Hz for 17a. 

Similarly, the addition of 1 to a refluxing benzene so- 
lution of 1,3-diaminopropane produced a mixture of at  
least three products, 20, 21, and 22. 

l + n  - 
NH2 NH, 

+ u + 

21 22 
20 

The most insoluble product precipitated from the re- 
action mixture and was formulated as the amide salt, 

17c 

(11) G .  J. Karabatsos, G. C. Sonnichsen, N. Hsi, and D. J. Fenoglio, 
J .  Amer. Chem. Soc., 89, 6067 (1967). (12) F. A. L. Anet, ibid., 84, 747 (1962). 
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N-(3-aminopropyl)-3-hydroxy-4,4,4- trifluoro -2 - buten- 
amide (ZO), in agreement with the analytical and spee- 
troscopic data. Attempts were made to convert 20 into 
the corresponding diazocinone. Although water was 
lost, only a polymer was obtained. Evaporation of the 
benzene afforded a semisolid mixture from which the 
known13 3,4,5,6-tetrahydro-2-(trifuoromethyl)pyrimi- 
dine (21) was isolated. 

The third component of the mixture was ethyl 2-(tri- 
fluoromethyl)-2-perhydropyr~midineacetate (22) which 
was best obtained by inverting the addition sequence, 
that is, adding the diamine to the ester. The ir spec- 
trum of 22 showed the carbonyl stretching at  1732 cm-' 
with shoulders at  1738 and 1745 em-'. The NH 
stretching vibrations appeared at  3370 and 3350 cm-I , 

suggesting hydrogen bonding to the ester carbonyl. 
The nmr spectrum of 22 also supported its structure. 

Since the reaction of 2-amino alcohols with carbonyl 
compounds is a well-known method for the synthesis of 
oxazolidines, it was of interest to explore the reaction of 
1 with 2-aminoethanol. While the expected oxazolidine 
was obtained in good yield, the formation of an oxazepi- 
none could not be detected. The ir spectrum of ethyl 
2-(trifluoromethyl)-2-oxazolidineacetate (23) showed 
a great similarity to that of the imidazolidines: the 
ester carbonyl band at  1728 ern-' with shoulders at  
1735 and 1750 cm-l, a region free of absorption between 
1700 and 1500 em-', and an intense peak of the -CF3 
group at  1172 cm-l. The single NH stretching band 
at  3340 cm-l, insensitive to dilution, indicated a 
stronger hydrogen bond to the ester carbonyl than is 
present in imidazolidines. 

Ex- 
cept for the ester methyl and methylene, all other pro- 
tons were magnetically nonequivalent and contributed 
to  the splitting. The a-methylene protons gave rise to 
an AB quartet centered at  6 2.77 (2 H, J = 15 Hz) and 
the ring methylenes absorbed between 6 3 and 4 giving 
rise to many poorly resolved peaks. 

Several other commercially available amino alcohols 
were condensed successfully with 1 and esters related to 
1 to yield $he corresponding five-membered rings (24- 
27). Cysteine gave ethyl 4-carboxy-2-(trifluoro- 
methyl)-2-thiazolidineacetate (28). The physical con- 

The nmr spectrum of 23 was quite complicated. 

23 24, R, E CH3; R2 i= H 
25, R, = H; RZ = C& 

u o  
\ 

28 
COtH 

stants for these compounds are shown in Table I. 3- 
Aminopropanol reactedwith 1 to yield ethyl 2-(trifluoro- 
methyl)-2-( 1,3-oxazine)acetate (29). 

(13) R. N. Johnson and H. M .  Woodburn, J .  Org. Chem., 17,3958 (1962). 

A possible reaction sequence for the reaction of 1 with 
1,2-diaminoethane is shown below. 

1 

U 13 

1 
1 6  

H N u ~ ~ ,  

I 
cF3YY0 
"W" 

2 

This reaction sequence is consistent with the available 
data. Since salt formation is the first step in the reac- 
tion, the ability of the ester to enolize is important. 
This reaction is rapid since only a proton transfer is in- 
volved. The salt may then react intramolecularly to 
form either the amide salt (thermodynamic control) or 
the carbinolamine (kinetic control). That the forma- 
tion of the carbinolamine should be rapid is supported 
by the reaction of the enol ether with amines. The car- 
binolamine could undergo an intramolecular nucleo- 
philic displacement to give directly the imidazolidine or 
the enamine. Although the enamine can cyclize to 3, 
such a reaction might be predicted to be slower since cy- 
clization of ethyl 3-(2-hydroxyethylamino)-4,4,4-tri- 
fluoro-2-butenoate to the corresponding oxazolidine 
(22) was shown to be much slower than the formation of 
22 from 1 and 2-aminoethanol. Another possible prod- 
uct, 2-trifluoromethylimidazoline, was not found in the 
reaction mixture although it is a known c~mpound. '~  
However, an analogous compound was obtained in the 
reaction of 1 with l13-diaminopropane. 

The proposed scheme for the reaction of 1 with 1,2- 
diaminoethane clarifies somewhat the results reported 
by previous workers for the condensation of ethyl 3- 
ketobutanoate and ethyl 3-phenyl-3-ketopropanoate 
with the same d i a m h ~ e . ~ ! ~  The only product isolated 
from the first reaction was reported to be diethyl 3,3'- 
(N,N'-1,2-diaminoethyl)bis-2-butenoate. We repeated 
this condensation to  investigate the presence of other 
products, but we were only able to obtain better yields 
(60%) of the bisenamine. The same result was ob- 
tained with tert-butyl 3-ketobutanoate. In  both cases 
evolution of water was more rapid than in the case of 1 
and l12-diaminoethane, suggesting fast dehydration to 
the enamine. With the more enolic 3-phenyl-3-keto- 
propanoate, the corresponding diazepinone and diamide 
were isolated. These could arise from a salt similar to 
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TABLE I 
PHYSICAL CONSTANTS AND ANALYTICAL DATA FOR THE FIVE-MEMBERED RINGS" 

!4 

R,,-t--R, 
R2 

Compd 
no. R Ri Re R8 R4 Rs Z 

3 CFa H H H H C2H5 NH 
9 c2F5 H H H €1 CPHS NH 

14b CF3 CH3 H H H C2H5 NH 
17b CF3 CH3 H '3% H CZH5 NH 
18 CF3 CH, CHa H H C2H5 NH 
19 CFa H H H H C(CHsla NH 
23 CF3 H H H H CZH5 0 
24 CF3 CH3 H H H CZH6 0 
25 CFa H H CHI H CzHs 0 
26 CF3 H H H H C(CH3)a 0 
27 CF3 H H H CHa CzHs 0 
28 CF3 H H COzH H CZH5 S 

a Satisfactory analytical values (f0.30% for C, H, N, F, and S) were reported for all compounds. 

Bp (mm) or mp, "C 
40.5-41.0 
85-86 (3.5) 
114.5- (20) 
93-97 (5) 
120-120.5 (14.5) 
96-98 (4.8) 
108-109 (25) 
100.5-101 (15) 
99-99.5 (13) 
92-92.5 (7.5) 
84-85 (6.5) 
124.5-125.5 

b Mixture of isomers. 

nab 

1.4035 
1.4173 

1.4181 
1.4247 
1.4016 
1.4007 
1.4007 
1.4055 
1.4060 

11 and 12. In the case of ethyl 3-ketobutanoate such a 
salt is not possible; thus no diazepinone is formed. 
Ethyl 4,4,4-trichloro-3-ketobutanoate, which is suffi- 
ciently enolic to  form a salt, was reported to yield only 
a diaxepinone. l4 In this case, the carbinolamine which 
would result from attack at  the keto carbonyl could be 
expected to undergo a haloform-type of cleavage rather 
than forming the imidaxolidine. 

Experimental Section15 
General.-Compound 1 was prepared by the procedure of 

McBee, et aZ.16 However, if this procedure was followed exactly, 
an explosion occurred on three consecutive runs. Thus the con- 
ditions were modified as described for the preparation of ethyl 
3-keto-4,4,5,5,5-pentafluoropentanoate (8). No accidents oc- 
curred in about 20 runs. Compound 1 was purified through its 
copper chelate."' 1,2-Dia,minoethane (Fisher, 99%) was stored 
over calcium hydride and used without purification. Unless 
otherwise indicated the keto ester-amine condensations were 
conducted in a wide-mouth reaction flask with a four-necked 
head equipped with a Dean-Stark trap, an efficient condenser and 
a drying tube. The reactions were stirred magnetically and 
heated with a heating mantle. Reagents were added from a 

(14) D. K. Wald and M. M. JoulliB, J .  Org. Chem., 81,-3369 (1966). 
(15) Melting points were determined on a calibrated Thomas-Hoover 

apparatus and are corrected. Microanalyses were performed by Galbraith 
Laboratories, Knoxville, Tenn. The infrared spectra were determined on a 
Perkin-Elmer 521 double-beam spectrophotometer either as potassium bro- 
mide pellets or as solutions in 0.2-mm sodium chloride cells. High dilution 
spectra were determined in 10-mm quartz cells. Nuclear magnetic reso- 
nance spectra were determined either on a Varian Associates HA-60-EL or 
A-60A spectrometnr. Chemical shifts are expressed in parts per million 
(ppm) downfield from tetramethylsilane as internal standard (a). All spec- 
tra are taken in CCh unless otherwise noted. The ultraviolet spectra were 
obtained on a Cary 14 spectrophotometer in 1-om quartz cells. Mass spectra 
were obtained on a Consolidated Electrodynamics Corp. 21-130 cycloidal 
mass spectrometer. Some mass spectra were recorded by the Morgan Schaf- 
fer Corp., Montreal, Canada. Vapor phase chromatographic analyses were 
carried out on a F & M Model 700 chromatograph with a thermal conduc- 
tivity detector, helium carrier gas at a flow rate of 60 cc per min, using 6 
f t  long, 0.25 in. 0.d. packed columna. The oven temperature was programmed 
at 10' per minute from 70' to the upper limit of the packing used. For 
preparative work, an Aerograph Autoprep A-700 instrument was employed. 
Solid samples were recrystallized to constant melting point and dried in an 
Abderhalden drying pistol in vacuo. Liquid samples were redistilled on a 
Nester-Faust NF-I90 spinning-band column (6 X 450 mm, 23 theoretical 
plates). 

(16) E.  T. McBee, 0. R.  Pierce, H.  W. Kilbourne, and E. R. Wilson, J .  
Amer. Chem. Soc., 76, 3152 (1953). 

(17) A. L. Henno, M. S. Newman, L. L. Quill, and R .  A. Staniforth, {bid., 
69, 1819 (1947). 

weighing buret that served as an addition funnel. After the 
reaction WBS completed, the solvent was removed under reduced 
pressure, and the residue distilled in vacuo, first on a short-path 
apparatus and then on a spinning-band column. 
1,2,3,4-Tetrahydro-7-trifluoromethyl-l,4-diazepin-5-one (Z).- 

A flask containing 1.98 g (0.01 mol of N-(2-aminoethyl)-3-hy- 
droxy-4,4,4-trifluoro-2-butenamide (12) was heated in an oil bath 
at  160-170' for 0.5 hr. The reaction melted and foamed, and 
water vapor was evolved. After being heated for 15 min the 
melt solidified. The yield was almost quantitative. Recrystal- 
lization from methanol afforded 0.85 g (47%) of pure diazepinone 
2: mp 191-192' (lit.* mp 191.5-192.5'); ir (KBr) 1650 and 
1560 cm-l (amide C 4 ) ;  in dilute HCCla solution 3424 cm-' 
(cis-amide and sec-amide NH); nmr (in acetone-&) 6 7.33 (broad 
s, 1 H,  amide NH), 6.92 (broad s, 1 H,  amine NH), 4.93 (9, 1 H, 
vinyl), 3.48 (m, 4 H, ring methylene.) 

Ethyl 2-(Trifluoromethyl)-2-imidazolidineacetate (3).-A 
solution of 6.0 g (0.1 mol) of 1,2-diaminoethane in 10 ml of benz- 
ene was added, over a period of 0.5 hr, to 18.4 g (0.1 mol) of 1 
dissolved in 100 mi of refluxing benzene. The reaction mixture 
WBS refluxed for 5 hr. Water was collected in a Dean-Stark tube, 
the solvent was removed by distillation, and the residue distilled 
in a short-path apparatus a t  15 mm to afford 18.3 g (81%) of 3, 
bp 110-113' (15 mm). The distillate solidified in the receiver 
and was recrystallized from CCb: mp 40.5-41' (lit.a mp 40.5- 
41'); ir 1729, 1735 (sh), 1745 cm-l (sh) (NH); nmr 6 1.26 (t, 
3 H,  CH2 ester), 4.15 (9, 2 H, J = 7 Hz, CH2 ester), 2.61 (8, 2 
H, a-methylene), 3.05 (s, 4 H, ring methylenes). 

Reaction of 1-Aminopentane with 1. A. Addition of Amiie 
to Keto Ester, in Benzene. Ethyl 3-(l-Pentylamino)-4,4,4-tri- 
fluoro-2-butenoate (4).-l-Aminopentane (4.35 g, 0.05 mol) in 
10 ml of benzene was added over a period of 2 hr to a solution of 
9.2 g (0.05 mol) of 1 in 100 ml of refluxing benzene and the mix- 
ture heated for an additional hour. The enamine 4 was obtained: 
10.8 g (86%); bp 104" (10.0 mm); nZ6D 1.4375. 

Anal. Calcd for Cl1Hl8FsNO2: C, 52.17; H,  7.16; F ,  22.51; 
N, 5.53. Found: C, 52.33; H,7.34; F ,  22.38; N,5.42. 

B. Addition of Keto Ester to Amiie, in Benzene.-To 4.35 g 
(0.05 mol) of 1-aminopentane dissolved in 100 ml of refluxing 
benzene was added 9.2 g (0.05 mol) of 1 over a period of 1 hr and 
the reaction refluxed for an additional hour. After the solvent 
and volatile substances were removed under reduced pressure, 
the residue, 12.5 g (83.5%), solidified upon standing overnight. 
It was a waxy solid, mp 76-80'. Distillation on a short-path 
apparatus, bp 88-89" (6.0 mm), gave a product that did not 
solidify completely, 7 ~ 2 5 ~  1.4355. This was a mixture of amine 
salt 5 and enamine 4. When the mixture was heated at  150°, 
the salt was converted to the enamine, n% 1.4372. The ir of 
this product was identical with the ir of the material prepared by 
method A. 

Salt of Ethyl 3- 
Hydroxy-4,4,4-trifluorobutenoate with 1-Aminopentane (5).- 

C. Addition of Amiie to Keto Ester, Neat. 
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To 1.841 g (0.01 mol) of 1 in a serum-stoppered flask was added 
from a syringe, with stirring and cooling in ice, 0.872 g (0.01 mol) 
of 1-aminopentane. The reaction solidified almost immediately. 
Very rapid recrystallization from CCh gave the pure salt 5 ,  mp 

Anal. Calcd for C11HzoFaNOa: C, 48.70; H, 7.43; F, 21.01; 
N,  5.16. 

Ethyl 3-Methoxy-4,4,4-trifluoro-2-butenoate (6).-A solution 
of 18.4 g (0.1 mol) of 1 in 50 ml of ether was treated with an excess 
of diazomethane prepared from 22 g of Du Pont ERX-101. The 
yellow solution was left standing overnight. The ether was re- 
moved by evaporation under nitrogen and the residue distilled, 
to give 16.7 g (85%) of 6 :  bp 85-86' (90 mm); nZ6D 1.3834; 
vpc on SF-1265 column indicated 99+% purity; ir 1730 (C=O), 
1667 (C=C), 1250, 1030 (CO vinyl ether), 1295 and 1155 (CO 
unsaturated ester), 1200 cm-l (CF3); nmr (neat) 6 5.78 (s, 1 H, 
vinyl) 4.05 (s, 3 H ,  OCHa), 4.20 (2 H ,  J = 7 Hz, CHzester), 1.28 
(t, 3 H, J = 7 He, CH3 ester). 

Anal. Calcd for C,HgFsOa: C, 42.43; H,  4.58; F, 28.77. 
Found: 

Ethyl 3-Methoxy-3-(l-pentylamino)-4,4,4-trifluorobutanoate 
(?).-To 1.982 g (0.01 mol) of ice-cold 6 ,  1-aminopentane (0.872 
g, 0.01 mol) was added with stirring and cooling. The product 
formed was analyzed without any further purification: nZSD 
1.4222; ir 3370 (NH), 1730 cm-l (C=O); nmr 6 3.28 (s, 3 H ,  
OCH3), 2.65 (s,2 H, a-methylene). 

Anal. Calcd for ClzHzzFaNOs: C, 50.52; H, 7.77; F ,  19.98; 
N,4.91. Found: C, 50.48; H,7.49; F, 20.14; N, 4.97. 

Upon attempted distillation or vapor phase chromatography, 
the compound lost methanol and was converted to 4. Loss of 
methanol also occurred upon standing at  room temperature for 2 
or 3 days. 

Ethyl 3-Keto-4,4,5,5,5-pentafluoropentanoate @).-To a sus- 
pension of 0.5 mol of sodium hydride dispersion (in mineral oil) 
in 200 ml of anhydrous ether was added slowly, and with cooling, 
96 g (0.5 mol) of ethyl perfluoropropanoate, followed by 44 g 
(0.5 mol) of ethyl acetate. The reaction was refluxed overnight, 
cooled, and poured onto a mixture of 300 g of ice and 30 ml of 
concentrated sulfuric acid. The ether layer was separated and 
the aqueous solution extracted three times with 100-ml portions 
of ether. The combined ether extracts were distilled (200 mm) 
to remove the ether; the residue was poured into a solution of 100 
g of cupric acetate in 500 ml of water. The precipitated bis(ethy1 
pentafluoropropionoacetate)copper(II) was dried in vacuo, 
washed with petroleum ether to remove the mineral oil, and 
dried: yield, 100 g (76%); mp 154-155'. 

Anal. Calcd for C14HlzCuFloOe: C, 31.86; H, 1.91; F, 
36.00. Found: C, 32.04; H ,  2.25; F,  35.69. 

The copper chelate was suspended in 200 ml of anhydrous 
ether, treated with hydrogen sulfide until all copper precipitated, 
and filtered through "Super Cel." The ether was evaporated 
and the residue distilled on a spinning-band column to yield 76.7 
g (87%) of 8: bp 142'; 71.2% 1.3630; ir 1670 and 1650 (sh) (C= 
0), also strong bands at  1250, 1220, and 1110 cm-l. 

Anal. Calcd for C7H7FsOa: C, 35.91; H, 3.02; F, 40.57. 
Found: 

Reaction of 1,ZDiaminoethane with Ethyl 3-Keto-4,4,5,5,5- 
pentafluoropentanoate. A. Addition of Amine to Keto Ester.- 
To a solution of 12.0 g (0.061 mol) of 8 in 80 ml of refluxing benz- 
ene was added dropwise, during 2 hr, 3.0 g (0.05 mol) of 1,2- 
diaminoethane dissolved in 20 ml of benzene. The reaction mix- 
ture was refluxed overnight and cooled to produce 5.9 g of a 
white solid which was redissolved in benzene, 1.2 g (9.77,) being 
insoluble. The insoluble material, N-(Z-aminoethyl)-3-hydroxy- 
4,4,5,5,5-pentafluoro-2-pentenamide (lo),  was recrystallized 
from methanol: mp 202-206" dec; ir (KBr) 3400-2400 (+"a), 
3250 (amide +NH), 1645, 1630 (C=O), 1530 (+"a), and also 

82.5-83 -5'. 

Found: C, 48.74; H ,  7.42; F ,  20.89; N, 5.33. 

C, 42.61; H,4.75; H, 28.52. 

C, 36.10; H, 3.08; F,  40.82. 

bands'at 1565, 1250, and 740 cm-l. 
' 

Anal. Calcd for C J I Q F ~ N ~ O ~ :  C,  33.88: H ,  3.65; F, 38.28; 
N ,  11.29. Found: C, 34:04; H, 3.73; F,38.32; N, 11.11. 

The soluble part, 4.6 g (32%) of ethyl 3-hydroxy-4,4,5,5,5- 
pentafluoro-2-pentenoate salt with 1,2-diaminoethane (II), was 
again recrystallized from benzene, mp 117-117.5'. 

Addition of Keto Ester to Amine.-To 3.0 g (0.05 mol) of 
l,2-diaminoethane dissolved in 100 ml of refluxing benzene was 
added a solution of 12.0 g (0.051 mol) of 8 in 10 ml of benzene. 
A precipitate formed immediately upon addition of the first few 
drops of keto ester. The mixture was refluxed for 48 hr and 
cooled to afford 5.5 g of solid, which was separated with hot 
benzene into 4.0 g (32%) of 10 and 1.5 g (10%) of 11. The 

B. 

benzene filtrate was evaporated and the residue distilled on a 
short-path apparatus, to yield 3.6 g (26%) of imidazolidine 9. 

Ethyl 3-Hydroxy-4,4,4-trifluoro-2-butenoate Salt with 1 ,2-Di- 
aminoethane (12).-To a solution of 1.841 g (0.01 mol) of 1 in 
10 ml of CClr was added, with stirring and cooling in ice, 0.629 g 
(0.0105 mol) of 1,2-diaminoethane. The solid that formed was 
left in the ice bath for 1 hr, collected, washed with CC14, and 
dried. A salt (12 )  2.24 g (91%), mp 84.5-86', was obtained. 
The analytical sample was recrystallized from chloroform: mp 
86.5-87.5"; ir (KBr) 3360, 3290 (bonded NHz), 1700, 1660, 1630 
(C=O, free and bonded), and also strong bands at 1270, 1180, 
and 1120 cm-l; nmr (DCCla) 6 5.12 (s, 5 H, +"a), 5.04 (s, 1 H, 
vinyl), 2.90 (8, 4 H ,  methylene), 4.04 (q, 2 H,  J = 7 Hz, CH2 
ester), and 1.22 (t, 3 H, J = 7 Hz, CH3 ester). 

Anal. Calcd for C8H16FaN2Oa: C, 39.36; H, 6.19; F,  23.34; 
N,  11.46. Found: C, 39.56; H,6.20; F,23.18; N,  11.60. 

N-(2-Aminoethyl)-3-hydroxy-4,4,4-trifluoro-2-b~itenamide 
(13).-A solution of 4.6 g (0.025 mol) of 1 and 1.5 g (0.025 mol) of 
l,2-diaminoethane in 25 ml of cold chloroform was allowed to 
stand at  room temperature. A white crystalline precipitate 
began to form and continued to increase over a period of 2 weeks. 
The amide salt 13, 3.55 g (7257,), was collected in several crops. 
The analytical sample was recrystallized from methanol: mp 
163-164' dec (with gas evolution); ir (KBr) 1630 (C=O) and 
strong bands at  1240, 1180, and 1105 cm-1. 

Anal. Calcd for CsHsFaNzOz: C, 36.37; H, 4.58; F, 28.77; 
N ,  14.44. Found: C, 36.61; H ,  4.67; F, 28.69; N, 14.05. 

Reaction of 1,2-Diaminopropane with 1.  A.  Addition of 1 to  
Amine.-To 7.4 g (0.1 mol) of 1,2-diaminopropane dissolved in 
100 ml of refluxing benzene was added over a period of 1 hr a solu- 
tion of 18.4 g (0.1 mol) of 1 in 15 ml of benzene. The reaction 
was refluxed overnight and during this time 3.0 ml of lower phase 
were collected. A white precipitate suspended in solution was 
recovered by filtration to  afford 3.1 g (14.5%) of the amide salt 
15, mp 189.5-190.5'. The analytical sample was recrystallized 
from methanol, mp 190-190.5'. 

Anal. Calcd for C7H11F3N202: C, 39.63; H, 5.23; F ,  26.86; 
N, 13.20. 

The benzene filtrate was distilled and the residual oil fraction- 
ated on a short-path distillation apparatus at  6-mm pressure; 
9.7 g (40.5%) of 14 was collected, bp 91-97". This compound 
was redistilled on a spinning-band column, bp 93-94' at  10-mm 
pressure, nz6D 1.4172. 

Anal. Calcd for C9HljF3N202: C, 45.00; H, 6.29; F,  23.73; 
N ,  11.66. 

B. Addition of Amine to 1.  Preparation of Ethyl 4-Methyl- 
2-(trifluoromethyl)-2-imidazolidineacetate (14).-To a solution 
of 18.4 g (0.1 mol) of 1 in 90 ml of refluxing benzene was added 
over a period of 1 hr 7.4 g (0.1 mol) of 1,2-diaminopropane dis- 
solved in 10 ml of benzene. The reaction was refluxed for 3 hr; 
2.2 ml of lower phase were collected. The benzene was removed 
by distillation and the residue left standing overnight. A trace 
of amide salt 15 crystallized and was removed by filtration (200 
mg). The filtrate was distilled on a short-path distillation ap- 
paratus at  6-mm pressure and 16.35 g (68%) of the imidazolidine 
14, bp 95-96', was collected. This sample was redistilled on a 
spinning-band column. 

Preparation of Ethyl 4,5-Dimethyl-2-(trifluoromethyl)-2- 
imidazolidineacetate (17).-The above compound was prepared 
from 8.8 g (0.1 mol) of 2,3-diaminobutane and 18.4 g of 1 accord- 
ing to procedure B. 

Preparation of 1,2,3,4-Tetrahydro-2-methyl-7-trifluoromethyl- 
1,4-diazepin-S-one (lG).--N-(2-Aminopropyl)-4,4,4-trifluor0-3- 
hydroxy-2-butenamide (3) 2.12 g (0.01 mol), was heated in an 
erlenmeyer Bask at its melting point for 15 min. The mixture 
foamed and water vapor was evolved. It was cooled, dissolved 
in chloroform, and left to crystallize; 1.4 g (72.5%) of colorless 
crystals, mp 135-136", were obtained. The analytical sample 
was recrystallized from chloroform, mp 135.5-136". 

Anal. Calcd for C1HgF3Nz0: C, 43.30; H, 4.67; F, 29.36; 
N, 14.43. Found: C, 43.43; H ,  4.75; F,29.58; N ,  14.33. 

Reaction of 1,3-Diaminopropane with 1. A. Addition of Keto 
Ester to Amine.-To 7.4 g (0.1 mol) of 1,3-diaminopropane dis- 
solved in 100 ml of refluxing benzene was added over a period of 
2 hr 18.4 g (0.1 mol) of 1 dissolved in 15 ml of benzene. The 
reaction turned turbid and a white precipitate formed. The 
mixture was heated overnight. The solid formed was collected 
by filtration to give 5.4 g (25.4%) of 20, mp 181-183". The 
compound was recrystallized from methanol, mp 183-184" a 

Found: C, 39.84; H ,  5.43; F, 26.66; N ,  13.42. 

Found: C, 45.09; H, 6.51; F, 23.48; N, 11.78. 
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Anal. Calcd for C ~ H ~ I F ~ N ~ O Z :  C, 39.63; H, 5.23; F, 26.86; 
N,  13.20. Found: C,  39.88; H ,  5.31; F,26.91; N, 13.26. 

The benzene filtrate was distilled and a semisolid was obtained, 
bp 74-80' (1.55 mm). This material was dissolved in CC14 and 
placed in a refrigerator to crystallize. A solid, 21, was obtained, 
5.5 g (36%), mpl 110-111' (lit.Ia mp 110-111'). 

Anal. Calcd for C ~ H ~ F ~ N Z :  C, 39.48; H ,  4.64; F ,  37.47; 
N,  18.41. 

The carbon tetrachloride filtrate was distilled. It contained 
ethyl 2-(trifluoromethyl)-2-perhydropyrimidineacetate (22) 
which could not be obtained analytically pure by this method. 

Ethyl 2-(Triflaoromethy1)-2-perhydropyrimidineacetate (22 ).- 
To a solution of 18.4 g (0.1 mol) of 1 in 120 ml of refluxing benzene 
was added over a 1-hr period 7.4 g (0.1 mol) of 1,3-diaminopro- 
pane dissolved iin 20 ml of benzene. The reaction was refluxed 
overnight. The benzene was removed by distillation and the 
residual oil was distilled on a short-path apparatus a t  2-mm pres- 
sure to yield 13.45 g (56%) of 10, bp 84-85' (2 mm), n a 5 ~  1.4285. 

Anal. Calcd for CgHlsFsNzOz: C, 45.00; H ,  6.29; F ,  
23.73; N,  11.66. Found: C, 44.75; H, 6.09; F ,  23.66; N,  
11.91. 

Reaction of 2-Aminoethanol with 1. General Procedure. 
Ethyl 2-(trifluoromethy1)-2-oxazolidineacetate (23). A. Addi- 
tion of Amine to Keto Ester.-To a solution of 18.4 g (0.1 mol) of 
1 in 80 ml of refluxing benzene was added over a period of 1 hr 
6.1 g (0.1 mol) of 2-aminoethanol. The reaction mixture was 
heated for 5 hr. The benzene was removed by distillation and 
the residue distilled on a short-path apparatus. 

Addition o f  Keto Ester to Amine.-To 6.1 g (0.1 mol) of 
2-aminoethanol was added slowly 2 ml of glacial acetic acid fol- 
lowed by 18.4 g (0.1 mol) of 1. The mixture was heated at  130' 
for 2 hr and then distilled on a short-path apparatus to yield 9.7 g 
(43%) of 23. 

Procedure A was used to prepare the other oxazolidines shown 
in Table I (23-2'7). The yields obtained varied from 55 to 75%. 
Cysteine was condensed by the same procedure to yield 457, 
of ethyl 4-carboxy-2-trifluoromethyl-2-thiazolidineacetate (28, 
Table I). 

Reaction of 1 with 3-Aminopropanol. Preparation of Ethyl 
2-Trifluoromethyl-2-(1,3-oxazine)acetate (29).-To a solution 
of 18.4 g (0.1 mol) of 1 in 80 ml of refluxing benzene was added 
over a period of 1 hr 7.5 g (0.1 mol) of 3-aminopropanol. The 
reaction was refluxed overnight, the benzene removed by distil- 
lation, and the residue distilled on a short-path apparatus to yield 
18.4 g (76%) of the oxazine 29, bp 85-90' (3.5 mm). The com- 
pound was redistilled on a spinning-band column, bp 104-104.5" 
(15 mm), n z 5 ~  1.4117. 

Anal. Calcd for CgHloFsNOs: C, 44.81; H ,  5.85; F ,  23.63; 
N, 5.81. 

Reaction of 23 with Methylmagnesium Iodide.-To a Grignard 
solution prepared from 4.8 g (0.2 g-atom) of Mg turnings and 
28.4 g (0.2 mol) of iodomethane in 150 ml of anhydrous ether, a 
solution of 5.7 g (0.024 mol) of 23 in 15 ml of ether was added 
dropwise. The reaction was refluxed for 2 hr and allowed to 
stand overnight. The magnesium salt was decomposed with 
saturated ammonium chloride solution, and the ether layer sepa- 
rated and evaporated. The residue was distilled on a short-path 
apparatus to yield 13.5 g (897') of ethyl 3-(2-hydroxyethyl- 
amino)-4,4,4-triAuoro-2-butenoate: bp 95-96' (1.5 mm); mp 
23-24'; A2p 285 mp (log e 4.18). 

Anal. Calcd for C S H ~ ~ F ~ N O ~ :  C, 42.29; H ,  5.33; F, 25.09; 
N, 6.17. Found: C,42.47; H ,  5.54; F, 24.92; N,6.25. 

A solution of 1.63 g (0.0072 mol) of ethyl 3-(2-hydroxyethyl- 
amino)-4,4,4-trifluoro-2-butenoate in 10 ml of benzene was re- 
fluxed and the progress of cyclization to 23 was followed. After 
3 hr, only 5% of 23 was present, after 24 hr, 3570 was observed. 
After 48 hr, about 607' of 23 was formed. This rate of formation 
of 23 is much slower than the rate observed for the condensation 
of 1 with 1-aminoethanol. 

tert-Butyl 3-Keto-4,4,4-trifluorobutanoate (30).-This ester 
was obtained by the method used for 1, but as a hydrate, mp 

Found: C, 39.50; H ,  4.80; F ,  37.25; N,  18.39. 

B. 

Foundl: C, 44.59; H ,  5.80; F, 23.72; N,  5.79. 

69.5-7O0,.3jield 56%. All attempts to dehydrate it resulted in 
decomposition. It was sublimed under reduced pressure to ob- 
tain an analytically pure sample. 

Anal. Calcd for CsHllFaOaH~O: C, 41.74; H, 5.69; F, 
24.76. Found: C,41.75; H,5.89; F,24.98. 

The copper chelate of 30 was obtained in the usual manner, 
mp 141.5-142'. 

Anal. Calcd for Ci~HzoF606Cu: C, 39.55; H, 4.15; F, 
23.46. Found: C, 39.80; H ,  4.30; F, 23.34. 

Ethyl 3-Keto-2-methyl-4,4,4-trifluorobutanoate (31).-This 
ester was also prepared by the method used for 1: yield 50.2'%; 
bp 85' (100 mm); TPD 1.3693 [lit.l8 bp 57.8 (26 mm); 72% 1.36501. 
The copper chelate of 31 was obtained in the usual manner, mp 

Anal. Calcd for C ~ , H ~ ~ F ~ O ~ C U :  C, 36.73; H, 3.52; F, 24.90. 
Found: C, 36.54; H, 3.54; F, 24.72. 

Ethyl 2,2-Dimethyl-3-keto-4,4,4-trifluorobutanoate (32).-To 
a sodium amalgam, prepared from 14 g of sodium and 1 kg of 
mercury, was added under a stream of nitrogen, a solution of 70 
g (0.25 mol) of triphenylchloromethane in '1.5 1. of anhydrous 
ether.19 This mixture was shaken mechanically for 3 hr. The 
red solution was allowed to settle and was siphoned (under exclu- 
sion of air) into a nitrogen-swept erlenmeyer flask. Ethyl iso- 
butyrate (24.0 g, 0.21 mol) and ethyl trifluoroacetate (28.4 g, 
0.20 mol) were added and the solution was stirred magnetically 
for 1 hr. Glacial acetic acid (30 ml) and 100 ml of water were 
added to the solution. The ether layer was separated, washed, 
dried, and reduced in volume. The triphenylmethane formed 
was removed by filtration and the filtrate distilled on a spinning- 
band column to yield a pure sample of 32 g, bp 144.5-145.5', 
n% 1.3674. 

And.  Calcd for CsHllFsOs: C, 45.29; H, 5.23; F, 26.86. 
Found: C, 45.26; H ,  5.19; F, 26.58. 

When a solution of 10.3 g (0.0488 mol) of 32 in 100 ml of re- 
fluxing benzene was added dropwise to a solution of 3.0 g (0.05 
mol) of 1,2-diaminoethane in 7 ml of benzene and the reaction 
mixture heated in the usual manner, no water separated. Evap- 
oration of the benzene yielded a white solid identified as N , N ' -  
bistrifluoroacetyl-l,2-diaminoethane, mp 202-202.5' (lit.20 mp 
201.5-202.5'). The presence of ethyl isobutyrate in this reac- 
tion and in the condensation of 20 with 2-aminoethanol indicated 
a reverse Claisen reaction. 

Registry No.-2, 14120-51-5; 3, 14120-52-6; 4, 

8, 26717-86-2; 8 (copper chelate), 26785-67-1; 9, 

137-137.5'. 

26717-82-0; 5,26717-83-9; 6,26717-84-0; 7,2617-85-1; 

26717-87-3; 10, 26717-88-4; 11, 26717-89-2; 12, 
26717-90-8; 13, 26717-91-9; 14, 26717-92-0; 15, 
26717-93-1; 16, 26717-94-2; 17, 26717-95-3; 18, 
26717-96-4; 19, 26717-97-5; 20, 26717-98-6; 22, 
26717-99-7; 23, 26718-00-3; 24, 26718-01-4; 25, 
26717-71-5; 26,26717-72-6; 27,26717-73-7; 28,26717- 
74-8; 29, 26785-70-6; 30, 26717-75-9; 30 (copper 
chelate), 26736-15-2; 31 (copper chelate), 26736-16-3; 
32, 267 17-76-0; ethyl 3- (Zhydroxyet hy1amino)-4,4,4- 
trifluoro-2-butenoate, 267 17-77-1. 
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