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Halogen interchange reactions with aluminum chloride on 1,2-dimethyl-3,3,4,4-tetrafluorocyclobutene and 
l-methyl-2,3,3,4,4-pentafluorocyclohutene have been shown to lead tc 1,2-dimethyl-3,3-difluoro-4,4-dichlorocy- 
clobutene (2) and l-methyl-3,3-difluoro-2,4,4-trichlorocyclobutene (5), respectively. The assignment of the HF 
coupling tonstants between the vinylic methyl group and the allylic ring fluorines in the nmr spectra for these 
materials was aided by compounds produced by alternate synthetic pathways. Thus, l-methyl-1,2,2-trichloro- 
3,S-difluorocyclobutane (7), prepared by a thermal codimerization technique, served as the Ytarting material for 
the synthesis of 1-methyl-2-chloro-3,3-difluorocyclobutene ( 8 )  and l-methyl-3,3-difluoro-4,4-dichlorocyclobutene 
(9). 

Fluorocyclobutenes are known to undergo a facile 
substitution of the vinylic halide with methyllithiumea-c 
and methyl Grignard reagentszd to yield monomethyl- 
or dirrwthylperfluorocyclobutenes. Studies on the 
chemical reactivity of these materials have been con- 
cerned with hydrolysis of the ring fluorines,2c the 
halogenation of the vinylic methyl group,2b and elimina- 
tion reactions xhich occur in the presence of alkoxide 
ions.3 This paper reports on a halogen interchange re- 
action with aluminum chloride to produce methyl- 
substituted fluorochlorocyclobutenes and chlorocyclo- 
butenes and the assignment of the HF coupling 
constants between the vinylic methyl group and the 
allylic ring fluorines in the nmr spectra. 

Halogen interchange with aluminum halides has been 
observed to take place with fluorinated cyclobutenes 
with particular ease.4 Application of thib convenient 
technique t,o 1,2-dimethyl-3,3,4,4-tetrafluorocyclobu- 
tenc led to the characterization of two major products, 
1,2-dimet hy1-3,3-difluor o-4,4-dichlor ocy clobut e m  (2) 
and 1,2-dimethyl-3,3,4,4-tetrachlorocyclobutene (3), as 
indicated in Scheme I. The proton nmr spectrum of 2 
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(1) (a) Taken in part from the  Ph.D. dissertation of T. 5. Croft, Uni- 
versity of Colorado, 1967. (b)  T o  whom inquires should be sent. 4 d -  
dress correspondence t o  Central Research Laboratories, 3SI Co., St. Paul, 
Minn. 55133. 

(b) .\, T. Blomquist 
and 1'. P.  Nicholas, i b i d . ,  32, 863, 866 (1967); (0) A .  T. Blomquist and R .  A .  
Vierling, Tetrahedron Lett., 665 (1961); (d) J. D.  Pa rk  and R .  Fontanelli, 
J .  Org.  C h e m . , 2 8 ,  268 (1963). 

(2)  (a) S. Dixon, J .  O W .  Chem., 21, 400 (1956): 

(3) J. D. Park and R.  J. McNur t ry ,  J .  Org .  Chem., 31;, 2397 (1967). 
(4) (a) J. D. Pa rk  and G. G. I. Moore, Abstracts of Papers, 150th Na- 

tional Neering of t he  American Chemical Society. Atlantic City, N. J., 
Sept, 1965, p SIC; (h) IT. C. Solomon, L. .4. Dee. and D. W.  Schults. J .  070. 
Chem.,  31, 1551 ( lP66) :  (c) K .  V. Scherer, Jr . .  and T. J. Meyea, J .  Amer.  
Cliem. Soc., 90, 6253 (1968). 

consisted of a triplet a t  T 8.29 with a coupling constant 
J = 1.6 Hz and a triplet at T 8.17, J = 3.2 He, as 
indicated in Table I along 1%-ith the nmr data obtained 

TABLE I 
NWR SPECTRA FOR CYCLOBUTEKES 

#*  

110.4 

104.6 

111.3 

112.6 

7 

8.29 
8.17 
8.03 

7.99 

4.04 

8.09 

7.15 

8.29 

6.92 

Group 

CHa 
CH3 
CHI 
Ring CFZ 

CH3 

Vinyl H 

Ring CFZ 

CHs 

Ring CHB 

Ring CFZ 

CHs 

Ring CIll 

Ring CF2 

Coupling 

t, J = 1.6Hz 
t, J = 3.2Hz 
t, J = 3.1 Hz 
q, J = 3.1 Hz 
d, t, J = 1.5, 
3.2 Hz 

m , J  = 1.5, 
2.2 Hz 

d, q, J = 2.2, 
3.2 Hz 

t ,  t, J = 3.3, 
1.3 Hz 

t, g, J = 2.7, 
1.3 Hz 

t, q, J = 2.7, 
3.3 Hz 

2.3 Bz 

2.3 Hz 

1.6 Hz 

t, t, J = 1.6,  

t, q, J = 2.7, 

t, q, J = 2.7, 

5 Data obtained from ref 8. Compound prepared from CH3Li 
and l-chloro-2,3,3-trifluorocyclobutene. 

for all of t'he methyl-substitut'ed fluorocyclobutenes 
discussed in t'his report'. Since the cross ring allylic 
fluorines would be expected t,o deshield the vinylic 
inethyl protons more than do adjacent' f l~or ines ,~  this 
resonance should occur at a lower field position and the 
coupling constant for the vinylic met'hyl protons coupled 
with cross ring allylic fluorines must' be 3.2 Hz, thus 

(5) (a) Unpublished results, this laboratory: J. H. Adams, Ph.D. Dis- 
sertation, Universi~y of Colorado, 1965: (b) J. D. Pa rk ,  J. R. Dick, and J .  H. 
Adams, J .  OrQ. Chem., 30,400 (1966): (e) J. D. Park,  G. Groppelli, and J. H. 
ddarns, TetrahedronLett.,  103 (1967). 
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larger than the value of 1.6 Hz for adjacent allylic 
fluorines. This would be consistent with the data of 
Sharts and Roberts16 who reported that the HF coupling 
constant of a vinylic proton with the cross ring fluorines, 
through four bonds, vias larger than that found with 
vicinal fluorines, through three bonds. 

Scheme I also depicts the products, compounds 5 and 
6 ,  obtained from aluminum chloride and l-methyl- 
2,3,3,4,4-pentaAuorocyclobutene (4), the assignment of 
the structure of 5 as I-methyl-3,3-difluoro-2,4,4- 
trichlorocyclobutene being based upon the coupling 
constant of 3.1 HZ observed in the nmr spectrum. 

To establish definitively the coupling constant of the 
vinylic methyl group with the cross ring allylic fluorines, 
the synthesis of 1-met hyl-2-chlor 0-3,3-difluorocyclo- 
butene (8) and l-methyl-3,3-difluoro-4,4-dichlorocyclo- 
butene (9) was carried out as shown in Scheme 11. 

SCHEME I1 
c1 CH2=CC1CH3 

+ 
CF, =CCl:! 

c1 CH2=CC1CH3 
+ 

CF, =CCl:! 
7 

zY Yt3" 

8 9 

The thermal codimerization of 1,l-dichloro-2,2-difluoro- 
ethylene and 2-chloropropene would be predicted' to 
produce 1 -methyl- 1,2,2 - trichloro- 3,3- difluorocyclobu- 
tane (71, an assignment borne out by the nmr and mass 
spectra reported in the Experimental Section. De- 
chlorination of 7 with zinc gave 8 and a dehydro- 
halogenation induced with triethylamine produced 9. 
In  both cases, the nmr spectra contained a coupling 
value of about 3.2 Hz from the cross ring allylic fluorines 
and the vinylic methyl protons. The magnitude of the 
coupling value of fluorines p to the vinylic methyl group 
in 1-ch10ro-2-methy1-3,3-difluorocyc10butene1 an isomer 
of 8, was 1.6 Hz.* These data provide convincing 
evidence for the coupling and structural assignments. 

Experimental Section 
Infrared spectra were taken on a Perkin-Elmer Infracord 

spectrophotometer. The nuclear magnetic resonance spectra 
were obtained from a T'arian XL-100 spectrometer, utilizing an 
internal standard of CFC13 for the determination of IBF chemical 
shifts, reported as ,$* values,g and tetramethylsilane as referencelo 
for the proton values. Product analyses and preparative scale 
separations were carried out on an Aerograph Autoprep Model 
A-700 utlilizing a column with a fluorosilicone 1265 (QF-1) sub- 
strate. A Bausch and Lomb refractometer was used t o  measure 
the refractive indices. Densities were determined by weight 
difference with a calibrated 10-pl syringe. Microanalyses were 
performed by Galbraith Laboratories, Knoxville, Tenn. The 
mass spectrum was taken on a CEC 21 llOc mass spectrometer. 

(6) C.  M. Sharts and J. D. Roberts, J .  Amer. Chem. Soc. ,  79, 1008 (1957). 
(7) (a) J. D. Roberts and C. M. Sharts, Org.  React., 12, 1 (1962); (b) 

W. H. Sharkey in  "Fluorine Chemistry Reviews," Vol. 2, P. Tarrant ,  Ed . ,  
Marcel Dakker, New York, N. Y., 1968, Chapter  1. 

R.  0 .  Michael, Ph.D. Dis- 
sertation. University of Colorado, 1969. 

(8) Unpublished results, this laboratory: 

(9) G. Filipovich and G. V. D. Tiers, J .  Phys.  Chhem., 63, 761 (1959). 
(10) G. V. D. Tiers , J .  Phys .  Chem., 62, 1151 (1958). 
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l-Methyl-2,3,3,4,4-pentafluorocyclobutene (4) .-The title com- 
pound was prepared following the procedure of Park and Fon- 
tanelli,Zd bp 46-47' (626 mm) [lit.,d bp 444.5" (630 mm)]. 

1,2-Dimethyl-3,3,4,4-tetrafluorocyclobutene (l).-The proce- 
dure of Dixonaa was used to  prepare the desired compound: bp 
98-98.5' (626 mm); 1 ~ 2 6 ~  1.3475 [lit.za bp 100-104" (760 mm); 
n a 7 ~  1.34781. 

Reaction of 1,2-Dimethyl-3,3,4,4-tetrafluorocyclobutene (1) 
with Aluminum Chloride.-To an ice-cooled mixture of 11 g of 
aluminum chloride (B and A reagent powder) and 40 ml of carbon 
disulfide, under nitrogen atmosphere, was added 21 g of 1,2- 
dimethyl-3,3,4,4-tetrafluorocyclobutene. After stirring at room 
temperature for 16 hr, water was added, the black solution was 
filtered, and the organic layer was dried with anhydrous mag- 
nesium sulfate. Distillation gave 10 g of 1,2-dimethyl-3,3- 
dichloro-4,4-difluorocyclobutene (2): bp 139" (629 mm); n Z 7 ~  
1.4334; d s  1.27; molar refractivity, calcd 37.7, found 37.4; ir 
1680 cm-I (CH&=CCH3). 

Anal. Calcd for C&,C&FZ: c ,  38.50; H, 3.21; c1, 37.97; 
F ,  20.32. Found: C, 38.,57; H, 3.13; C1, 38.13; F ,  20.25. 

Also isolated was 2 g of 1,2-dimethyl-3,3,4,4-tetrachlorocyclo- 
butene (3): bp 201.5-202.5' (629 mm); nZ7D 1.5037; d" 1.40; 
molar refractivity, calcd 47.2, found 46.2; ir 1630 em-' (CHIC= 
CCH,); nmr (CClr) T 8.12 (s, CHI). 

Anal. Calcd for C6H&&: C, 32.73; H,  2.73; C1, 64.54. 
Found: C, 32.94; H ,  2.73; C1, 64.49. 

Traces of other products were noted by glc but were not isolated 
in sufficient quantities to be characterized. 

Reaction of l-Methyl-2,3,3,4,4-pentafluorocyclobutene (4) with 
Aluminum Chloride.-The dropwise addition of 25 g of l-methyl- 
2,3,3,4,4-pentafluorocyclobutene t o  a suspension of 23 g of 
aluminum chloride in 75 ml of carbon disulfide cooled in ice turned 
the solution black. After 5 hr under a nitrogen flow, the mixture 
was filtered, the solid being extracted with methylene chloride. 
The organic layer was dried and distilled to give 10 g of l-methyl- 
2,4,4-trichloro-3,3-difluorocyclobutene ( 5 ) :  bp 139-139 .so (632 
mm); n% 1.4489; d26 1.50; molar refractivity, calcd 37.82, 
found 37.35; ir 1670 em-' (ClC=CCH3). 

Anal. Calcd for CjHaC13F2: C, 28.89; H,  1.45; C1, 51.30; 
F, 18.32. Found: C, 29.19; H,  1.65; C1, 50.94; F,  18.38. 

A trace was also found of 1-methyl-2,3,3,4,4 pentachlorocyclo- 
butene (6): mp 50.5-52.5; bp 203-2033' (627 mm); ir 1670 
cm-' (ClC=CCH,); nmr (CC14) T 8.03 (s, CHI). 

Anal. Calcd for C5H3Cl:: C, 24.95; H,  1.26; C1, 73.84. 
Found: C, 25.16; H,  1.32; C1, 73.74. 

Traces of other products were also seen in the glc curve of the 
product but were not characterized. 

Codimerization of 2-Chloropropene and IIl-Dichloro-2,2-di- 
fluoroethy1ene.-In a 0.5-1. autoclave, 76 g of 2-chloropropene 
and 132 g of l,l-dichloro-2,2-difluoroethylene, along with 1 ml of 
&limonene to prevent polymerization, were heated to 180" for 
12 hr. Distillation of the yellow liquid gave 7 g of 1,2-dichloro- 
3,3,4,4-tetrafluorocyclobutene, bp 60.5" (628 mm), and 30 g of 
1,1,2,2-tetrachloro-3,3,4,4-tetrafluorocyclobutane, bp 124" (628 
mm), both identified by comparison with the infrared spectra of 
authentic samples.lI Also collected was 31 g of I-methyl-1,2,2- 
trichloro-3,3-difluorocyclobutane (7): mp 46-49'; bp 148" 
(628 nm); nmr (CFCl3) T 8.09 (d, J = 1.2 Hz, CHI), 6.93 and 
7.11 (AB pattern, JAB = 13.8 Hx, ring CH,), with fine structure 
visible, with 6.93 (d, d, J = 9.5 ,  15.2 Ha, ring CH) and 7.11 
(d, d, J = 11.8, 6.5 Hz, ring CH), $* 98.10 and 102.31 (AB 
pattern, JAB = 190.0 Hz, CF,) with fine structure visible, with 
98.10 (d, d, J = 9.5, 6.4 Hz, CF) and 102.31 (d, d, q, J = 11.6, 
15.1, 1.2 Hz, CF); mass spectrum (150") m/e (ion) in decreasing 
order of intensity, 76 (CH2CClCH3), 144 (P - CFZCHZ), 109 
(P - CWzCFz, Cl), 41 (CIH:), 39 (C3H3), 132 (CFzCClz), 51 
(CFzH), 64 (CFzCHz), 172 (P - HCl), 208 (P). 

Anal. Calcd for C5HaC13F2: C, 28.64; H, 2.39; C1, 60.08; 
F, 18.14. Found: C, 28.87; H,  2.50; C1, 50.71; F, 18.36. 

Reaction of l-Methyl-l,2,2-trichloro-3,3-difluorocyclobutane 
(7) with Zinc.-After a mixture of 10 g of l-methyl-l,2,2-tri- 
chloro-3,3-difluorocyclobutane, 0.5 ml of hydrochloric acid, and 
6.5 g of zinc was heated in 1-butanol for 24 hr, distillation gave 4 
g of l-methyl-2-chloro-3,3-difluorocyclobutene (8): bp 100" 
(633 mm); n% 1.3998; d25 1.18; molar refractivity, calcd 28.2, 
found 28.2; ir 1670 em-' (ClC=CCH,). 

Anal. Calcd for C:H;C1F2: C, 43.32; H, 3.61; C1, 25.63; 
F, 27.80. Found: C,  43.41; H, 3.70; C1, 25.80; F, 27.39. 

(11) A. L. Henne and R.  P. Ruh,  J .  Amer. Chem. Soc., 69,279 (1947). 
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Reaction of l-Methyl-l,2,2-trichloro-3,3-difluorobutane (7) 
with Triethylamine.--A 10-g sample of l-methy1-1,2,2-trichloro- 
3,3-difluorocyclobutane was refluxed with 7.5 g of triethylamine 
for 91 hr. After washing with hydrochloric acid, separation, and 
drying, 4 g of starting material was recovered by distillation. 
Also isolated was 4 g of l-methyl-3,3-difluoro-4,4-dichlorocyclo- 
butene (9): bp 130" (629 mm); n Z K ~  1.4261; dz6 1.34; molar re- 
fractivity, calcd 33.0, found, 32.9; ir 1645 cm-l (HC=CCHS). 

Anal.  Calcd for CjH4CllF2: C, 34.68; H ,  2.31; C1, 41.04; 
F ,  21.96. Found: C, 34.79; H,  2.38; C1, 41.09; F, 21.83. 
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Some new fluorinated esters, CF3C02Rr [Rf = (CFS)SC, CIFs(CF&C, (CF,)2(CH~)C, and (CF,)&H], with sub- 
stituents other than fluorine on the alkoxy 01 carbon have been prepared using the cesium fluoride catalyzed reac- 
tions of trifluoroacetyl fluoride with fluoro alcohols. Unlike the fluorinated esters with fluorine at the alkoxy QI 

carbon atom, these esters are stable in the presence of fluoride ion at 25" or higher temperatures. Their ir, nmr, 
and mass spectra are reported. 

In our earlier studies,l me had observed that, while 
the totally fluorinated esters were stable at  25' and 
above when pure, they disproportionated readily at  
> - 78" in the presence of fluoride ions. Each of these 
esters contained a perfluoroalkoxy group with at  least 
one fluorine atom bonded to the 01 carbon adjacent to 
the oxygen, -OCRf(Rf')F (Rf = CF3, Rf '  = F; Rf  
= Rf '  = CF,). We now have extended our study to a 
variety of other esters with different substituents on 
that carbon to determine their stabilities to attack by 
fluoride ions. 

Contrary to the well-known reactions of acid chlo- 
rides with alcohols, the corresponding reactions of acid 
fluorides have neither been as popular nor as lucrative; 
e . g . ,  trifluoroacetyl fluoride with ethanol yielded a trace 
of ethyl trifluoroacetate, CF3COzCzH6, accompanied 
by other products.2 However, we found that a modi- 
fication of this route provided a good general prepara- 
tive method for esters. 

Although some of the esters described in this paper 
have been previously reported,3-7 little spectral char- 
acterization was included. Full details of infrared, 
mass, and 'H and 19F nrnr spectra are given. 

Results and Discussion 

Fluorinated esters of the type RiCOzCF(CF3)2 
which contain fluorine on the alkoxy a carbon are un- 
stable in the presence of fluoride ion at -78" or above.' 
However, esters described in this paper that contain 
substituents other than fluorine a t  this carbon are very 

(1) R.  A. De Marco, D. A. Couch, and J. M. Shreeve, J .  Org .  Chem., 37, 

(2) X. T. Miller, J r . ,  and M. Prober, J .  Amer. Chem. Soc., 70,2602 (1948). 
(3) F. J. Pavlik and P.  E. Toren, J .  Org. Chem., 36, 2054 (1970). 
(4) E. Bergman, J .  Ore. Chem., 23,476 (1958). 
(5) B. L. Dyatkin and E. P. Mochalina, Izu .  Akad. Nauk SSSR, Ser. 

(6) E. T. McBee and D.  L. Christman, J .  Amer. Chem. Soc., 77, 755 

(7) G. Gorin, 0. R.  Pierce, and E. T. McBee, J .  Amer. Chem. SOC., 711, 5622 

3332 (1972). 

Khzm.., 1035 (1965). 

(1955). 

(1953). 

stable in the presence of fluoride ion even at  higher 
temperatures. Since Rf is an electronegative group, it 
enhances the electrophilic character of the carbonyl 
carbon atom and thus promotes addition t o  the car- 
bonyl double bond. 

F~C----OC~H, + R N H ~  - 
-* F,CCONHR + C2H50H8 

R--N+H I 1  I 
L H +  _1 

The fluoride ion, which is strongly nucleophilic, can 
readily attack at  the positive carbon of the carbonyl 
group t o  form a similar intermediate which will then 
disproportionate t o  give the acid fluoride. 

Owing t o  the very strong inductive effect of F, its 
departure as shown in eq 1 will be favored. However, 

0, 

L -  

A 
0 
II 

R f C F  + (R'I)jC=O + CSF (1) 

the inductive effects of CF, and particularly of H and 
CH3 are very much less than that of fluorine.8b Thus, 
these moieties will not be good leaving groups in a com- 
plex like A. This explains the greater stability of the 

(8) (a) M. M. Joullie and 3. R. Day, J .  Amer. Chem. Soc. ,  76, 2990 
(1954); (b) H. P. Braendlin and E, T. McBee, Aduan. Fluorine Chem.., 3, 2 
(1963). 


