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The Diels-Alder reactions of five fluorine-containing dienophiles with cyclopentadiene, butadiene and anthracene have 
been investigated. An adduct was obtained in all cases except in the reaction between allyl fluoride and butadiene. Qualita­
tively, the relative order of reactivity was found to be: C F 8 C F = C F 2 > C 2 FsCH=CH, > C F 3 C H = C H 2 > C H 2 F C H = C H 2 > 
CF1C(CHs)=CH2 . 

Discussion 
The Diels-Alder reactions of allyl chloride and 

bromide,2 vinyl chloride, 1,2-dichloroethylene and 
trichloroethylene3 have been carried out with 
cyclopentadiene. More recently it has been shown 
that 1,2-dibromoethylene and 1,3-dichloropropene 
can be used as dienophiles4; cis- and £rara5-dichloro-
ethylene have been condensed with anthracene.6 

Unsubstituted olefins, e.g., ethylene and propylene 
react with cyclopentadiene and cyclohexadiene at 
high temperature and under pressure.6 In view 
of the polarization of the double bond by the 
strong electron-withdrawing effect of fluorine 
atoms,7 fluorine-containing olefins should be ex­
pected to act as dienophiles regardless of whether 
the reaction proceeds by an ionic mechanism8 or 
involves an intermediate molecular complex.9 

In order to determine the influence of fluorine 
atoms in dienophiles, allyl fluoride, 3,3,3-trifluoro-
propene, perfluoropropene, 3,3,4,4,4-pentafluoro-l-
butene and 2-methyl-3,3,3-trifluoropropene were 
treated with butadiene, cyclopentadiene and an­
thracene. Each of the fluorine-containing olefins 
reacts with cyclopentadiene at 135 and at 190°. 
Under comparable conditions, the yields of adducts 
were similar and in the range of 60-70%, except 
with allyl fluoride (27%) and 2-methyl-3,3,3-
trifluoropropene (25%). In the case of allyl 
fluoride, the single fluorine atom probably exerts 
insufficient polarization on the double bond, while 
the reactivity of 2-methyl-3,3,3-trifluoropropene 
may be reduced both by polar and steric effects. 
The results obtained with butadiene are similar to 
those with cyclopentadiene. Perfluoropropene 
gave the highest yield, 2-methyl-3,3,3-trifluoro-
propene the lowest (15%), while allyl fluoride failed 
to give an adduct under the conditions employed. 

The reactions of the olefins with anthracene 
show more pronounced temperature effects. Allyl 
fluoride and perfluoropropene gave adducts at 110° ; 
3,3,3-trifluoropropene, perfluoropropene and 3,3,-
4,4,4-pentafluoro-l-butene react at 200° to give 

(1) This paper represents part of a thesis submitted by C. G. Hsu 
to the Graduate School, Purdue University, in partial fulfillment for the 
degree of Doctor of Philosophy. 

(2) K. Alder and E. Windemuth, Ber., Tl, 1939 (1938). 
(3) K. Alder and H. F. Rickert, Ann., 543, 1 (1939). 
(4) E. T. McBee, R. K. Myers and H. Rakoff, T H I S JOURNAL, 77, 

in press (1955). 
(5) S. J. Cristol and N. H. Hause, ibid., 74, 2193 (1952). 
(6) G. Calingaert, H. Soroos and H. Shapiro, lnd. Eng. Chem., 36, 

1055 (1944). 
(7) A. L. Henne and J. Kaye, ibid., 72, 3369 (1950). 
(8) M. J. S. Dewar, "Electronic Theory of Organic Chemistry," 

Oxford University Press, London, Great Britain, 1949, pp. 153, 184. 
(9) A. E. Rernick, "Electronic Interpretations of Organic Chemis­

try," 2nd Ed., John Wiley and Sons, Inc., New York, N. Y., 1949, p. 
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adducts in 84-98% yield. 2-Methyl-3,3,3-trifluoro-
propene can be added to anthracene at 200° in 
57% yield. 

The adducts A from 3,3,3-trifluoropropene, 3,3,-
4,4,4-pentafluoro-l-butene and 2-methyl-3,3,3-tri-
fluoropropene with cyclopentadiene were accom­
panied by small amounts of bis-adducts, assumed to 
have the structure B. 
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R = H, CF8, C2F6; R ' = H, CH, 

The adducts, A and C from cyclopentadiene and 
butadiene, respectively, were converted to di-
bromides by means of bromine in carbon tetra­
chloride for identification purposes. The olefins 
were regenerated by debromination with zinc and 
ethanol. This procedure was utilized also to 
separate 4-pentafluoroethylcyclohexene and 4-
methyl-4-trifluoromethylcyclohexene from the ac­
companying butadiene dimer, vinylcyclohexene. 

The structures of the adducts A are further 
supported by the infrared absorption spectra which 
contain characteristic bands at 7.14-10.0 u (C-F), 
5.97-6.11 ix (CH=CH), 3.23-3.5 p (C-H)10 and a 
strong band at 13.8-14.0 LI, observed in bicyclo-
[2.2.1 Jheptenes such as bornylene,11 norbornylene, 
dehydronorborneol, 5-carboxylbicyclo [2.2.1 ]-2-hep-
tene, 5-chlorobicyclo [2.2.1 ]-2-heptene and 5-bromo-
bicyclo [2.2.1 ]-2-heptene.12 The infrared spectra of 
the dibromides from the adducts C have two bands 
at 9.95-10.53 /x and 9.47-10.00 i± which are char­
acteristic of cyclohexane derivatives.13 

The anthracene adducts have been established 
as 9,10-adducts by means of their ultraviolet 
absorption spectra14'15; all the compounds ex­
hibited three maxima at 252, 264 and 272 m̂ u with 
log e's of 3.0-4.0. 

Experimental16 

Preparation of the Olefins. Allyl Fluoride.—Allyl fluoride, 
b.p. —3°, was prepared in 30% yield from allyl bromide and 
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Com­
pound 

i 
I i 

i n 

IV 

V 

From olefin 

C F H 2 C H = C H 2 

C F 3 C H = C H 2 

C 2 F $ C H = C H 2 

C F 3 C F = C F 2 

CF 3 C(CH 3 )=CH 2 

Ratio 
C(H, 
Olefin 

1.0 
1.0 
0.8 
1.0 
0 .8 
1.0 
0.8 
1.0 
0 .8 

Temp., 
0C. 

135" 
135 
190 
135 
190 
135 
190 
135 
170 

TABLE I 

CYCLOPENTADIENE ADDUCTS 

Time, Yield, B.p., 
hr. %b 0C. n™D 

60 27 66 / 

60 65 119 
24 57° 
60 66 130 
24 60'' 
RO 69 141 
24 66 
60 22 136 

168 25e 

1.4548 
1.4051 

1.3853 

1.3741 

1.4168 

Carb 
Calcd. 

76.19 
59.25 

50.99 

44.44 

61.36 

on, % 
Found 

76.13 
59.17 

51.17 

44.48 

31.58 

Hydrogen, % 
Calcd. Found 

8.73 8.78 
5.56 5.50 

4.25 4.36 

2.78 2.87 

6.25 6.24 

Fluorine, % 
Calcd. Found 

15.08 
35.19 

44.76 

52.78 

32.40 

15.82 
34.87 

44.59 

52.38 

32.22 

" Allyl fluoride is unstable at higher temperatures. 6 Yield based on unrecovered olefin. e A 2% yield of bis-adduct was 
obtained, b.p. 95-96° (10 mm.), M20D 1.4733. Anal. Calcd. for Ci3Hi6F,: C, 68.60; H, 6.16. Found: C, 69.06; H, 5.76. 
d A4%yieldofbis-adductwasobtained,b.p.99-100°(10mm.),W2 0D 1.4488. Anal. Calcd. for Ci4H15F6: C, 59.60; H, 5.38. 
Found: C, 59.65; H, 5.58. • A 7% yield of bis-adduct was obtained, m.p. 66.5°. Anal. Calcd. for C14H17F3: C, 69.30; 
H, 7.01. Found: C, 69.18; H, 7.19. ' At 55 mm. 

Compounds 

VI 
VII 

VIII 
IX 

From olefin 

C F 3 C H = C H 2 

02FsCH=CHs 
C F 3 C F = C F 2 

CF3C(CH„)=CH2 

Yield, 

35 
38 
64 
15 

B.p., 
0C. 

104 
119" 
97 

122 

TABLE II 

BUTADIENE 

K*°D 

1.3856 
1.3725 
1.3430 
1.3989 

ADDUCTS" 

Carbon, % 
Calcd. Found 

56.00 
48.00 
41.18 
58.54 

56.01 
47.80 
41.39 
58.57 

Hydrogen, % 
Calcd. Found 

6.00 
4.50 
2.94 
6.71 

6.20 
4.71 
2.94 
6.82 

Fluorine, % 
Calcd. Found 

38.00 
47.50 
55.88 
34.76 

37.54 
45.22 
56.05 
33.43 

" The reactions were carried out by heating for 24 hours at 180° with a molar ratio of 0.9 for butadiene and olefin. h Yield 
based on unrecovered olefin. ' The pure product was obtained free of vinylcyclohexane by debrominating the purified 
dibromo compound. 

Olefin 

C F H 2 C H = C H 2 

C F 3 C H = C H 2 

C 2 F 5 C H = C H 2 

C F 3 C F = C F 2 

CF 3C(CHs)=CH 2 

Ratio 
CuHio 
Olefin 

0.21 
.47 
.41 
.75 
.75 
.32 
.28 
.75 

Temp., 
0C. 

110 
200 
200 
110 
150 
200 
200 
110 

Time, 
hr. 

24 
20 
20 
24 
24 
20 
20 
24 

A N 

Yield, 
%" 
75 
83 
86 
76 
95 
97 
56 

<1 

TABLE 1 

THRACENE. 

M.p., 
0C. 

115-116 
122-123 
74-75 

143-144 

106 

[II 

ADDUCTS 

Carbon, % 
Calcd. Found 

85.71 
74.45 
66.67 
62.20 

75.00 

85.91 
74.42 
66.35 
62.20 

75.00 

Hydrog 
Calcd. 

6.30 
4.74 
4.01 
3.05 

5.21 

en, % 
Found 

6.23 
4.83 
3.99 
3.05 

5.20 

Fluorine 
Calcd. 

7.99 
20.81 
29.32 
34.75 

19.79 

, % 
Found 
8.30 

20.46 
28.95 
33.95 

19.98 

" Yield based on unrecovered anthracene. 

potassium fluoride by the method Hoffmann17 used to pre­
pare 1,6-difluorohexane and was characterized by formation 
of the dibromide.18 

3,3,3-Trifluoropropene.—'3,3,3-Trifluoropropene was pre­
pared in a new fashion by the pyrolysis at 490 ± 10° of 
l,l,l-trifluoro-2-propyl acetate. The reaction product was 
rectified from a low temperature column and, of the 67.4 
g. of acetate used, 7.4 g. was recovered unchanged. The 
vield of 3,3,3-trifluoropropene was 30 g. (81%), b .p . - 2 4 ° 
(lit. b .p . - 2 4 ° , » - 2 2 ° » ) ; it was characterized as the di­
bromide.20 

2-Methyl-3,3,3-trifluoropropene.— 2-Methyl-3,3,3-tri-
fluoropropene was prepared by the reaction of ethyl trifluoro-
acetate and methylmagnesium iodide followed by dehydra­
tion of the product, 2-methyl-l,l,l-trifluoro-2-propanol, 
with phosphorus pentoxide, according to the procedure of 
Low.21 

3,3,4,4,4-Pentafluoro-l-butene.—3,3,4,4,4-Pentafluoro-
1-butene was prepared from 3,3,4,4,4-pentafluoro-2-butanol 
by the method of McBee, Higgins and Pierce.22 

(17) F. W. Hoffmann, J. Org. Chem., 14, 105 (1949). 
(18) M. Meslans, Ann. chim., [71 1, 382 (1894). 
(19) B. H. Robbins, J. Pharmacol. Exftl. Therap., 86, 197 (1946). 
(20) A. L. Henne and M. Nager, THIS JOURNAL, 73, 1042 (1951). 
(21) H. Low, M.S. Thesis, Purdue University, 1952. 
(22) E. T. McBee, J. V. Higgins and O. R, Pierce, THTS JOURNAL, 

74, 1387 (J 952). 

Perfluoropropene.—Perfluoropropene was prepared from 
the sodium salt of perfluorobutyric acid.23 

Diels-Alder Reactions.—A typical experiment of each 
series of Diels-Alder reactions is described to illustrate the 
method. The data for all of the experiments are sum­
marized in Tables I, II and I I I . 

With Cyclopentadiene.—Perfluoropropene (22.5 g., 0.15 
mole), cyclopentadiene (9.9 g., 0.15 mole) and hydroquin-
one (0.2 g.) were heated in a Car ius tubeat 135° for 60 hours. 
Four grams of perfluoropropene was recovered. The adduct 
(18.4 g., 69%) was distilled from the remaining mixture, 
b .p . 141°, M20D 1.3741. 

Bis-adducts were isolated in some cases when the reac­
tions were carried out at a higher temperature (190°). 

With Butadiene.—A mixture of 22.5 g. (0.15 mole) of 
perfluoropropene, butadiene (7.29 g., 0.135 mole) and hy-
droquinone (0.2 g.) was heated in a Carius tube at 180° 
for 24 hours. The reaction mixture contained 6.5 g. of un­
changed perfluoropropene. The yellow reaction mixture was 
distilled to give 14.1 g. (64%) of adduct, b .p . 97°, K20D 1.3430. 

Allyl fluoride failed to react with butadiene. Various 
reaction conditions, such as longer reaction time (24-96 hr.) 
lower reaction temperatures (75-150°) and the use of sol­
vents (ethanol, xylene and acetic acid), failed to effect the 
reaction. In some cases, decomposition of allyl fluoride 
and polymerization of butadiene were observed. 

(23) L. J. Hals, T. S. Reid and O. H. Smith, ibid., 73, 4054 (1951). 
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TABLE IV 

BROMINATION PRODUCTS PROM THE ADDUCTS 

From 
compound 

i° 
I i 

i n 
IV 
V 

VI 
VII 

VIII 
IX 

Yield, 
% 
52 
85 
85 
89 
53 
97 
84 
91 
73 

B.p. 
0C. 

121-123 
119 

121-122 
92-93 

126-128 
91 
95 
89 

110 

M m . 

3 
10 
10 
10 
10 
10 
10 
10 
10 

n'°D 

1.15524 
1.5013 
1.4711 
1.4580 
1.5037 
1.4871 
1.4606 
1.4343 
1.4896 

Carbon. 
Calcd. 

33.56 
29.75 
29.04 
25.53 
32.14 
27.17 
26.67 
23.08 
29.63 

, % 
Found 
33.61 
29.58 
29.18 
25.60 
31.87 
27.17 
26.78 
23.08 
29.82 

Hydrogen, % 
Calcd. Found 

3.84 3.86 
2.79 2.87 
2.42 2.44 
1.60 1.64 
3.27 3.32 
2.90 2.99 
2.50 2.91 
1.65 1.60 
3.40 3.49 

Fluorine, % 
Calcd. Found 

55.94 
49.68 
43.01 
42.55 
47.62 
51.61 
44.44 
43.96 
49.38 

55.97 
49.70 
42.92 
42.36 
47.69 
51.50 
44.59 
43.81 
49.29 

" There also was obtained from this reaction mixture a compound resulting from the loss of HBr from the dibromide, b.p. 
93-94° (10 mm.), »2°D 1.5100. Anal. Calcd. for C8HcFBr: C, 46.83; H, 4.88; F,39.02. Found: C, 46.50; H, 5.35; F, 
39.32. 

With Anthracene.—3,3,3-Trifluoropropene (8 g., 0.083 
mole), anthracene (7 g., 0.039 mole) and benzene (25 g.) 
were heated in a sealed tube at 200° for 20 hours. Two and 
four-tenth grams of 3,3,3-trifluoropropene was recovered by 
distillation at room temperature and 3.5 g. of anthracene 
was recovered by nitration. Evaporation under vacuum 
of the remaining benzene solution and recrystallization of 
the crude product from aqueous ethanol gave 4.5 g. (83.5%) 
of the adduct, m.p. 122-123°. 

Bromination of the Adducts.—The general method of 
preparation of the dibromides of the bicyclo[2.2.1]-2-hep-
tenes and cyclohexenes is illustrated by the following ex­
ample: A solution of 5,6,6-trifluoro-5-trifluoromethylbi-
cyclo[2.2.1)-2-heptene (21.6 g., 0.1 mole) in carbon tetra­
chloride (15 ml.) was placed in a 100-ml., 3-necked flask 
fitted with a reflux condenser, a stirrer and a dropping fun­
nel. The flask was cooled in a Dry Ice-trichloroethylene-
bath maintained at —20 to —10°. A solution of 16 g. 
(0.1 mole) of bromine in 15 ml. of carbon tetrachloride was 
added slowly. After the addition was complete, the reac­
tion mixture was brought to room temperature and stirred 
for one hour. The excess bromine was then removed by 
shaking with sodium bisulfite solution. The organic layer 
was separated, washed with water, dried over calcium 
chloride and distilled under reduced pressure. The 1,2-
dibromo-5,6,6-trifluoro - 5 - trifluoromethylbicyclo [2.2.1] hep­
tane (33.5 g., 89%) boiled at 92-93° (10 mm.), n™v> 1.4580. 

The yields and physical properties of the dibromides are 
listed in Table IV. A monobromo compound was obtained 
in the bromination of 5-fiuoromethylbicyclo[2.2.1]-2-hep-
tene. 

Debromination Procedure.—A mixture of 1,2-dibromo-
4-pentafluoroethylcyclohexane (12.3 g., 0.03 mole), zinc 
dust (6.5 g., 0.1 g. atom) and 50 ml. of absolute ethanol was 
refluxed for 24 hours. The solution was decanted from the 
metal, diluted with water and acidified with 10% sulfuric 
acid. The organic layer was separated. The aqueous por­
tion was extracted twice with ether. The ether extracts 
were combined with the organic layer, washed with brine 
and dried over anhydrous magnesium sulfate. Distillation 
gave 3.7 g. (54%) of 4-pentafluoroethvlcyclohexene, b .p . 
119°, M2»D 1.3725. 

Absorption Spectra.—Ultraviolet absorption spectra were 
determined with a Cary recording spectrophotometer in 
9 5 % ethanol at a concentration of 3.3 X 1O -4 mole per liter. 
The infrared spectra were obtained for the pure liquids with 
a Perkin-Elmer model 21 recording spectrometer in capil­
lary cells of 0.0125 to 0.0325 mm. thickness. 
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The Reactions of Perfluoronitriles with Grignard Reagents1 
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RECEIVED AUGUST 23, 1954 

Straight chain alkyl and phenyl Grignard reagents react with perfluoroaceto-, propio-, and butyronitriles to give the ex­
pected ketones. The reaction of isopropylmagnesium bromide with heptafluorobutyronitrile yields heptafluorobutyraldehyde 
unless a reverse addition technique is used. /-Butylmagnesium chloride and heptafluorobutyronitrile react to give the ex­
change products, trimethylacetonitrile and heptafluoropropylmagnesium chloride. 

Discussion 
Jones- has described the reaction of trifluoro-

acetonitrile with benzylmagnesium chloride; sub­
sequent work by Nes and Burger3 elucidated the 
structure of the original product to be o-methyl-
trifluoroacetophenone. In an attempt to extend 
the reaction to other Grignard reagents with 
fluorine-containing nitriles a general method has 
been developed for the preparation of perfluoro-

(1) This paper represents part of a thesis submitted by D. D. 
Meyer to the Graduate School, Purdue University, in partial fulfillment 
of the requirements for the degree of Doctor of Philosophy. 

(2) R. G. Jones, THIS JOURNAL, 70, U3 (1948). 
(3) W. R. Nes and A. Burger, HHJ.. 72, 5409 (1950). 

alkyl alkyl ketones and perfluoroalkyl aryl ketones. 
No evidence was obtained that migration of the 
perfluoroaryl group took place as indicated by 
Nes and Burger.3 

The results of the reaction of several Grignard 
reagents with trifluoroacetonitrile, pentafluoropro-
pionitrile and heptafluorobutyronitrile are in Tables 
I and II. The main competing reaction was the 
aldol condensation of the resulting ketones, pre­
sumably catalyzed by the Grignard reagent.4 With 
methylmagnesium iodide this condensation was the 
main reaction, and no simple ketone was obtained. 

(4) K. Sisido, H. Nozaki and O Kurihara, ibid., 74, 6254 (1952). 


