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tetrahydrofuran solution after distillation of the solvent, weighed 
0.320 g. Crystallization from pentane, in which the material 
is quite soluble, furnished a few crystals of 1, mp 42-45', no de- 
pression when mixed with the product, mp 44-46', from the re- 
action of phenylmagnesium bromide with trans-2,3-dichloro- 
1,4-dioxane.sb The infrared spectra of the uncrystallized ma- 
terial and the latterSb were identical. 

In an alternate preparation, 10.0 g (0.0324 mole) of 4b, 41.0 
g (0.334 mole) of 1-bromopropane, and 12.2 g (0.50 g-atom) of 
magnesium were processed in an analogous way. Crude 1, 
weighing 7.6 g (977&), was subjected to a chromatographic 
procedure on alumina using pentane-ether as an eluent ,6b 

The middle fractions (4.3 g total) crystallized after removal of 
the solvent. These all melted between 40 and 44" (no depression) 

and had infrared spectra identical with the 2,3-diphenyl-1,4- 
dioxane (mp 46"), prepared as described.6b While the three 
fractions immediately preceding and immediately following 
(1.2 g total) would not crystallize, their infrared spectra were 
indistinguishable from rrystalline 1. 

Registry No.- 1,  4336-11-2; cis-1, 4336-10-1; 4a, 
7593-64-8 ; 4b, 7593-65-9; 6, 7593-66-0; (+) -6 ,  7650- 
75-1 ; (-)-6, 7593-67-1. 
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Iminodioxolanes are obtained from the reaction of fluoro ketones, such as hexafluoroacetone, with alkyl 
isocyanides. 

Many diverse products can be prepared from the 
reaction of a carbonyl compound with an alkyl iso- 
cyanide in the presence of a third component (HX).' 
An example is the Passerini reaction, in which a-acyl- 
oxycarboxylic acid amides are formed from ketones, 
isocyanides, and carboxylic acids.2 However, there 
appears to  be no report of a stable reaction product 
formed from a ketone and an isocyanide alone.*& 

We have found that fluoro ketones, such as hexa- 
fluoroacetone, undergo the Passerini reaction with ex- 
treme ease to give high yields of a-acyloxycarboxylic 
acid amides (I). If no carboxylic acid is present, how- 
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ever, an immediate and exothermic reaction still occurs, 
even at  very low temperatures, and a 2:  1 adduct of the 
ketone and isocyanide is formed. This adduct, which 
is a 4-iminodioxolane (11), is the only product formed 
regardless of the molar ratio of the reactants or the 
order of addition. 
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The iminodioxolane (11, R = Et) prepared from 
hexafluoroacetone and ethyl isocyanide is exceptionally 
resistant to both acidic and basic hydrolysis. It is 
unaffected by refluxing concentrated hydrochloric acid 
or aqueous 10% sodium hydroxide solution. In  addi- 

(1) I. Ngi, Angew. Chem., 14, 9 (1962). 
(2) M.  Pssserini, Caw. Chim. Ital., 61, 964 (1931), and preceeding com- 

munioations. 
(Za) NOTE ADDED IN PROOF.-N. P. Gambaryan, E. M Rokhlin, Yu. V. 

Zeifman, C. A. Simonyan, and 1. L. Knunyants [Dokl .  Akad. Nauk.  SSSR,  
166, 864 (1966) 1 have recently described the reaction of hexafluoroacetone 
and nitropentafluoroacetone with cyclohexyl isocyanide to give dioxolanes. 

tion, it has high thermal stability, as it can be distilled 
at atmospheric pressure and heated at  300' in a sealed 
tube without decomposition. Products formed from 
hexafluoroacetone and other isocyanides, such as 
methyl, cyclohexyl, and t-butyl isocyanides, appear to 
have similar hydrolytic and thermal stability. 

The structures of these adducts mere established as 
iminodioxolanes (11) by elemental analysis and spectral 
data. The adducts show two kinds of fluorine in 
equivalent amounts in their F19 nmr spectra; the H1 
nmr spectra are consistent with an alkyl group at- 
tached to nitrogen; the infrared spectra show absorp- 
tion between 5.64 and 5.68 mp for the imino group. 
Because of their surprising hydrolytic stability, how- 
ever, a more rigorous structure proof for these products 
was obtained by a reductive degradation of the hexa- 
fluoroacetone-ethyl isocyanide adduct. Reduction of 
I1 (R = Et) with lithium aluminum hydride gave the 
amine (111) and hexafluoroisopropyl alcohol. The 
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(R  = Et)  HOCCH2NHC2Hj + CF3-C-CF3 
I 
CF3 
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reduction product (111) shows that in I1 the carbon of 
the isocyanide unit is attached to the carbon of a ketone 
unit, and therefore rules out the iminocarbonate struc- 
ture (IV) for the adduct. Other possible isomeric 
rearrangement structures (V and VI) were eliminated 
from consideration by an independent synthesis of 
these  compound^.^ 
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(3) 1%'. J. Middleton and C. G. Krespan, J .  070. Chem., 33, 951 (1967). 
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Other fluoro ketones, in addition to  hexafluoroace- 
tone, react spontaneously when mixed with alkyl iso- 
cyanides, and iminodioxolanes have been prepared from 
chloropentafluoroacetone, 1,3-dichlorotetrafluoroace- 
tone, 1,3,3-trich10rotrifluoroacetone1 hexafluorocyclo- 
butanone, and 2,2-dichlorotetrafluorocyclobutanone 
by this method. The chlorofluoroacetones all react 
at slower rates than does hexafluoroacetone, in propor- 
tion to  the amount of chlorine they contain. Hexa- 
fluoroacetone and hexafluorocyclobutanone react im- 
mediately with ethyl isocyanide, even at  - 7 8 O ,  but 
1,3,3-trichlorotrifluoroacetone requires several hours a t  
room temperature. The iminodioxolanes prepared by 
this reaction are listed in Table I. 

Experimental Section4 
Reactions of Fluoro Ketones with 1socyanides.-The imino- 

dioxolanes listed in Table I were prepared by mixing, with 
cooling, the fluoro ketones with the appropriate isocyanides and 
distilling the mixture. Either reagent can be added to the other 
with similar results. This reaction is specifically illustrated by 
the following. 

Hexafluoroacetone was distilled into a flask, fitted with a Drv 
Ice cooled condenser that contained 27.5 g (0.2 mole) of ethyl 
isocyanide. The rate of addition and cooling was adjusted so 
that the temperature of the reaction mixture remained below 
50'. The addition was stopped when no further evidence of 
an exothermic reaction was observed. The reaction mixture 
was distilled to give 4-ethylimino-2,2,5,5-tetrakis(trifluoro- 
methyl)-l,3-dioxolane as a colorless liquid, bp 120-121'. The 
HI nmr spectrum showed a triplet (J = 8 cps) a t  T 8.75 (3 H) and 
a quartet (J = 8 cps) a t  6.39. The Flu nmr spectrum showed 
two septets (J = 5.25 cps) centered a t  75.6 and 81.2 ppm. 

Reduction of 4-Ethylimino-2,2,5,5-tetrakis( trifluoromethy1)- 
1,3-dioxolane.-A stirred solution of 5.0 g of lithium aluminum 
hydride and 39 g (0.1 mole) of the dioxolane in 150 ml of ether 
was heated a t  reflux for 20 hr and then cooled. The excess hy- 
dride was decomposed by successive additions of 5 ml of water, 
5 ml of 15y0 aqueous sodium hydroxide solution, and 15 ml of 
water. The mixture was filtered, and the filtrate was distilled 
to give three principal fractions. The most volatile fraction 
(5.1 g, bp 77-82") was shown to be a mixture of 2H-hexafluoro- 
isopropyl alcohol6 and ether by Flu and H1 nmr, infrared, and gas 
chromatographic analysis. The second fraction (9.4 g, bp 118- 
121") was unreduced starting material. The third fraction 
[8.2 g, bp 46-46.5' (10 mm), n z 5 ~  1.34001 was identified as 
N-ethyl-3,3,3-trifluoro-2-( trifluoromethyl) -2-hydroxypropylamine 
by elemental analysis and spectral data. The Flu nmr spectrum 

(4) Fluorine nmr spectra were obtained with a Varian Associates high- 
reeolution spectrometer operating at  56.4 Mc. Spectra were calibrated in 
terms of higher field displacement in parts per million (ppm) from the F19 
resonance of trichlorofluoromethane. Proton spectra were obtained on a 
Varian A-60 spectrometer. 

(5) W. J. Middleton and R. V. Lindsey, Jr., J .  Am.  Chem. SOC. 86, 4948 
( 1964). 

showed a singlet a t  79.7 ppm. The H1 nmr spectrum showed a 
singlet a t  T 5.87 (CH + NH) that disappeared upon treatment 
with DzO, a singlet a t  6.94 (CHZ), a quartet (J = 7 cps) a t  
8.29 (CHz), and a triplet (J = 7 cps) a t  8.92 (CH3). 

Anal. Calcd for CeHeF6NO: C, 32.01; H, 4.03; F, 50.64; 
N, 6.22. Found: C, 32.37; H, 4.25; F, 50.43; N, 6.85. 

N-Ethyld ,3,3-trifluoro-2-trifluoromethyl-2-acetoxypropion- 
amide.-Ethyl isocyanide (0..55 g, 0.01 mole) was added rapidly 
to a solution of 1 ml (at  -78", ea. 0.01 mole) of hexafluoro- 
acetone and 1 ml of acetic acid in 5 ml of ether cooled to -78". 
The reaction mixture was stirred and warmed to 25'. A heavy, 
white precipitate formed. The mixture was cooled again, and 
the precipitate was collected on a filter, washed with pentane, 
and recrystallized from hexane to give 2.0 g (717, yield) of 
N-ethyl-3,3,3-trifluoro-2-trifluoromethyl- 2 - acetoxypropionamide 
as colorless needles, mp 87-87.5". The mass spectrum showed 
major ions a t  m/e 281 (parent), 238 (parent with loss of CH&O), 
72 (EtNHCO+), and 43 (CHaCO+). 

Anal. Calcd for C8HDFehT03: C, 34.17; H,  3.23; F, 40.55; 
N, 4.98. Found: C, 34.37; H,  3.33; F, 40.45; N, 5.08. 

N-C ycloh exyl-3,3,3-trifluoro-2-trifluoromethyl-2-ac etoxypro- 
pionamide.-Hexafluoroacetone (11 ml at -78", 0.1 mole) 
was slowly distilled into a flask fitted with a Dry Ice cooled 
reflux condenser containing 9 g (0.15 mole) of acetic acid. Cyclo- 
hexyl isocyanide (10.9 g, 0.1 mole), was added dropwise to the 
stirred reaction mixture. At the end of the addition the re- 
action mixture solidified. The solid was broken up and re- 
crystallized from benzene to give 25.3 g of N-cyclohexyl-3,3,3- 
trifluoro-2-trifluoromethyl-2-acetoxypropionamide as colorless 
needles, mp 135-136". 

Anal. Calcd for C 1 ~ H 1 ~ F ~ H O ~ :  C, 43.00; H ,  4.52; F, 34.01; 
N, 4.17. Found: C, 43.17; H,  4.71; F, 34.07; N, 4.27. 

Registry No.-4-Ethylirnino - 2,2,5,5 - tetrakis(tri- 
fluoroinethy1)-1,3-dioxo1ane1 7775-61-3; K-e th~l -3~3~3-  
trifluoro - 2 - (trifluoromethyl) - 2 - hydroxypropylamine, 
7730-48-5 ; N-ethyl-3,3,3-trifluoro-2- (trifluoroniethyl) - 
2-acetoxypropionaniide1 7730-49-6; S-cyclohexyl-3,3,3- 
trifluoro - 2 - trifluoromethyl - 2 - acetoxypropionainide, 
7730 - 50 - 9; 4 - methyliinin0-2,2,5,5-tetrakis(trifluoro- 
me thy 1) - 1 , 3-dioxolane, 7730-5 1-0 ; i-cyclohexyliniino- 
2,2,5,5 - tetrakis(trifluoromethy1) - 1,3-dioxolane, 5771- 
96-0; 4-t-butylimino-2,2,5,5-tetrakis(trifluoroiiiethyl)- 
1,3-dioxolane, 7730-53-2 ; 4-ethyl-2,j-bis(trifluoronieth- 
yl)-2,5-bis(ch10rodifluoroniethy1-1,3-dioxo1ane1 7730- 
54-3 ; trans isomer of 8, 7730-55-4 ; 4-cyclohexyliniino- 
2,2,5,5 - tetrakis(chlorodifluoromethy1) - 1,3 - dioxolane, 
7730-56-5; 4-ethylimino-2,5-bis(chlorodifluoromethyl)- 
2,5-bis(dich10rofluoromethy1)-1,3-dioxo1ane1 7730-57-6; 
11 - niethyliniino - 5,lO - dioxaperfluorodispiro[3.1.3.2]- 
undecane, 7730-58-7 ; ll-ethyliniino-5,10-dioxaperfluo- 
rodispiro [3.13.2]undecane1 7730-59-8; ll-t-butylimino- 
5,1O-dioxaperfluorodispiro [3.1 .3.2]undecanel 7730-60-1 ; 
1 l-t-butylimino-3,3,7,7-tetrachloro-5, 10 - dioxaperfluoro- 
dispiro [ 3.1.3.2 ] undecane, 7770-96-9. 


