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The pyrolysis of 1,1,3,3-tetrafluoroacetone was studied in a flow system at  575-690'. The principal products 
of the pyrolysis are CO, CFZHZ, CFZHCFZH, CFzCFH, CFsCHCFz, CFZHCFZCFZH, and H F  (as SiFa). Evidence 
has been obtained for the insertion of CFz into HF, elimination of HF from excited CFzHCF2H, and the inter- 
mediacy of difluoroketene. 

The principal products of the pyrolysis of acetone in 
flow systems at  about 600" are carbon monoxide, meth- 
ane, .ethane, and ketene.' Important steps in the 
mechanism are thought to be 

CHsCOCHa + CHa. -t .COCHs 

.COCHa + CH3. + CO 
CH3. + CHsCOCHa ---f CHa + *CHzCOCHa 

* CHzCOCHa ---f CHzCO + CH3 
2.CH3 + CzHs 

One might therefore expect that the pyrolysis of 1,1,3,3- 
tetrafluoroacetone (TFA) would give difluoroketene, a 
compound which has not previously been isolated.2 
Although we did not obtain difluoroketene as a product 
of the pyrolysis of TFA in a flow system at 575-690°, we 
did find evidence that it was an intermediate. Further- 
more, the pyrolysis of TFA revealed two elementary 
steps of importance: the elimination of hydrogen 
fluoride from excited difluoromethyl dimers and the 
insertion of difluoromethylene into hydrogen fluoride to  
form trifluoromethane. 

CFzHCFzH* + CFz=CFH + H F  

CFz + H F  + CFaH 

TFA was completely pyrolyzed at  690" with a con- 
tact time of 3.3-4.5 sec. At 575" only 5% of the TFA 
was pyrolyzed. Semiquantitative analysis of condens- 
able products of the 690" pyrolysis gave the following 
product distribution (mole %) : CFZHZ (32), CFZH- 

CFzCFH (8), CFaH (7) (less a t  lower temperatures), 
SiF, (4) , CFzHCF3 (4) , CFHzCFa (4), CFzHCFzCFzCFzH 
(2), CFzHCOF (1) (more a t  lower temperatures), 
CFzCHz (0.7), CFzO (0.04), unidentified (6), CFzCFz 
(trace) (significantly more at  lower temperatures). 
Infrared and molecular weight data suggest that the 
major unidentified products are fluorobutanes and 
fluorobutenes. When GO analyses wore performed, a 
semiquantitative agreement between CO production 
and TFA pyrolysis was found. 

Steps analogous to the formation of methane and 
ethane in the pyrolysis of acetone account for the large 
amounts of CFZHCFZH and CF2H2. However, when 
difluoromethyl radicals combine, the excited dimer, in 
addition to undergoing collisional deactivation to stable 
CFZHCFZH, can also eliminate HI? to form trifluoro- 
ethylene, a process also observed by Pritchard and 
Bryant in the photolysis of TFA.3 These investigators 

CFzH (1 l), CFzHCFzCFzH (lo), CF3CHCFz (lo), 

(1) E. W. R .  Steacie, "Atomic and Free Radical Reactions," 2nd ed, 
Reinhold, New York, N. Y., 1954, p 219 ff. 

(2) Yu. A. Cherburkov and I .  L. Knunyants, Fluorine Chem. Rev., 1, 
131 (1967). 

(3) G. 0. Pritchard and J. T. Bryant, J .  Phys. Chem., 72, 4782 (1968); 
D. C. Phillips and A. F. Trotman-Dickenson, J .  Chem. SOC. A ,  1144 (1968). 

argued on the basis of RRK unimolecular kinetics 
theory that the yield of CFzCFH should increase with 
temperature, a prediction supported by our observa- 
tions. The importance of this process is underscored by 
the formation of CFaCFHz which can be explained by 
the addition of H F  to CFZCFH. The formation of 
CFaCFHz lends support to the notion that symmetric 
fluoroethanes will be converted to asymmetric ones if 
a mechanistic pathway is provided. Although the 
thermodynamic functions for some of the tetrafluoro- 
ethanes have not been reported, data on trifluoro- 
ethanes [CFaCH3, AHf" (298") = -178.2 kcal/mol; 
CFZHCFH~, AHf" (298") = - 158.9 k ~ a l / m o l ] ~  suggest 
that the asymmetric isomer is the more stable. An 
estimate of the enthalpies of formation of the tetra- 
fluoroethanes using the group substitution methods6 
gives the supporting results: AHf" (CF3CFHz) = 
-210 kcal/mol and AHfo (CFZHCFZH) = - 199 kcal/ 
mol. A similar calculation on the trifluoroethanes 
gives AHfO (CF3CHa) = -171 kcal/mol and AHf" 
(CHFzCH2F) = -149 kcal/mol, in fair absolute and 
good relative agreement with the experimental values.6 

Some higher molecular weight products result from 
difluoromethyl-olefin reactions 

*CFzH + CFzCFz ---t CFzHCFzCFe. 

CFzHCFzCFz. + CFzHCOCFzH --+ 
CFzHCFzCFzH + CFzHCOCFz. 

1 

CFzHCFzCFZ. + *CFzH + CFzHCFzCFzCFaH 
1 

L 

A photolysis of a TFA-CFZCFZ mixture yielding 1 and 
2 (as well as CFZHZ and CFzHCFzH) as major products 
was performed to check this mechanism. Extension of 
the chain by means of HI? elimination and addition 
provides a reasonable explanation for higher molecular 
weight products. Trifluoroethylene-difluoromethyl- 
radical reactions are not needed to account for the 
identified products but may play a role in the formation 
of minor higher molecular weight products. Photolysis 
of a TFA-CF2CFH mixture yielded mostly CFzHz and 
CFzHCFzH with only trace amounts of unideptified 
higher molecular weight products. 

(4) J. R. Lacher and H. H. Skinner, ibid., 1034 (1968). 
(5) W. M. D. Bryant, J. PoLym. Sci . ,  65, 277 (1962): C. R. Patrick, 

Tetrahedron, 4, 26 (1958). 
(6) From the enthalpy of formation of CFzCF? at  25', - 157.6 kcal/moi 

(ref 4),  and the enthalpy of hydrogenation of CFzCFa at  120", -42.26 
kcai/moi (J. R. Lacher and J. D. Park, AF-AFOSR Report 810-67), the 
enthalpy of formation of CFiHCFiH at  25O is calculated to  be -200.6 
kcal/mol. The adjustment of the enthalpy of hydrogenation of CFzCFz to 
25' (-0.6 kcal/mol) was made using the heat capacities [CFzCFz and Hz, 
JANAF Thermochemical Tables, 1965; CFsHCFzH, calculated by statistical 
thermodynamics from infrared data of P. Klaboe and J. R. Nielsen, J .  Chem. 
Phvs., 32, 899 (1960) 1. Entropy difference8 between fluoroethane isomers 
are assumed to be essentially zero. 
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Although difluoroketene was not isolated, its role as 
an intermediate is indicated by the isolation of CF2CF2 
(and its addition products), CFaH, and CFzHCOF. 
By analogy to the known chemistry of ketenes,? di- 
fluoroketene would be expected to decompose to CFz 
and CO. CZF4 arises from the well-known dimerization 
of CFZ. A secondary route for the formation of CF2 
could be the following r e a ~ t i o n . ~  

CFz + CFzCO + CFzCFz + CO 

CFaH arises from the insertion of CF2 into HF, a reac- 
tion previously unreported. The insertion of CFz into 
HC1 has been reported.6 We have observed that CFaH 
is a product of the pyrolysis of a mixture of H F  and 
difluorodiazirine (a thermal source of CF2) .g  The 
formation of CFzHCFzCFzCFzH cannot be attributed 
to the insertion of CFz into CF2HCF2CF2H as hfitsch 
has shown that CFZ, a species more discriminating and 
less reactive than methylene, does not insert into C-H 
bonds.1° Insertion of CF2 into C-F bonds is also ruled 
out as it has not been observed in simpler systems.1° 
Reaction of CFz with CFZH, for which A H  = -53 
kcal/mol,ll could be another route to CFzHCFzH and 
to CFzHCF2CF2H. However, no products, such as 
CFzHCF=CFz, were isolated that would be characteris- 
tic of this mechanism. A hypothetical decomposition 
of CFZHCOF, a product presumed to arise from addi- 
tion of H F  to CFZCO, is not a likely alternative path- 
way to  CFsH (and CO). Although CFzHCOF is a 
product of the pyrolysis of difluoroacetic anhydride, 
CFaH is not. The isolation of CFzHCOF is more direct 
evidence of the CF2CO intermediate. A reaction of 
H F  with CF2C0 parallels ketene chemistry; for ex- 
ample, HC1 reacts with ketene to  produce acetyl chlo- 
ride. 

In  their paper on the pyrolysis of hexafluoroacetone, 
Batey and Trenwith propose that the observed tri- 
fluoroacetyl fluoride results from the primary step in 
the decompo~ition'~ 

CFsCOCFa + CFaCOF + CFz 

Such a route in the TFA pyrolysis would require the 
production of fluoromethylene (CFH) as an intermedi- 
ate which could combine to form 1,2-difluoroethylene. 
Since neither 1,2-difluoroethylene nor its H F  addition 
products were observed, this route for CFzHCOF pro- 
duction seems unlikely. CFzH2 could be interpreted 
as an insertion product of CFH into HF, but the large 
excess of C F Z H ~  over CF2HCOF and COF2, a possible 
decomposition product, rules this out as as major 
mechanistic pathway. However, the ketene route, in 
which each mole of CFz€12 is accompanied by 1 mol of 
CF2, following ketene decomposition, is supported within 
the accuracy of the semiquantitative data by the mass 
balance between CF2H2 and CFZ derived products. At 
690°, CF2H2 = 32 mol %; 2CF2CFz + CF2HCF2CFzH 

2CFzHCFzCFzCFzH = 40 mol %. Finally, the Batey- 
+ 2CFZCFzH + CFzCHCFz + CF3H + CFZHCOF + 

(7) Reference 1 ,  p 372 ff. 
( 8 )  W. Mahler, Inorg. Chem., a, 230 (1963). 
(9) R. A. Mitsch, J .  Heterocycl. Chem., 1, 233 (1964). 
(10) R. A. Mitsoh, J .  Amer. Chem. Soc., 87, 758 (1965). 
(11) AH,' (kcal/mol): CFz (-40), CFzH (-56), and CFaHCFa (-149). 

Subsequent elimination of a hydrogen atom from the See ref 4 and 21. 
hot ethyl radical is not possible since AH = 44 kcal/mol for this step. 

(12) F. Chick and N. T. M. Wilsmore, Proc. Chem. Soc., 84, 77 (1908). 
(13) W. Batey and A. B. Trenwith, J .  Chem. Soc., 1388 (1968). 

Trenwith mechanism does not account for products 
which can easily be explained by the intermediacy of 
difluoroketene and its decomposition products. 

When CFZCFH itself is pyrolyzed between 500 and 
700°, the principal products are CF&HCF2 and 
CFsCH=CHCFa with the butene being generally 
twice as large in amount.14 Knunyants, German, and 
Rozhkov have explained these products with the mech- 
anism 

CFzCFH ----f CFaCH : 
2CFaCH: + (CFaCH:)z 

CFzCFH --.) CFz: + CFH: 
CFzCFH + CFz: + CF2-CFH ----f CFaCHCFz 

\ /  
CFz 

Since studies of the pyrolysis of fluorocyclopropanes 
(vide infra) would seem to rule out pentafluorocyclo- 
propane as an intermediate in the formation of CF3- 
CHCFZ, it seems likely that the CFsCHCFz found in 
the pyrolysis of TFA results more directly from the 
reaction 

CFaCH: + CFz: ----f CFaCHCFz 

CF&H=CHCFs was not observed as a product in the 
TFA pyrolysis, suggesting that the proposed CF3CH : 
was trapped by difluoroketene-originated CF2 : before 
dimerization could occur. 

The instability of difluoroketene relative to ketene is 
probably due in part to the enhanced stability of di- 
fluoromethylene relative to methylene. Difluoro- 
methylene is stable enough to allow determination of its 
microwave spectrum. l6 Furthermore, whereas acti- 
vated perfluorocyclopropane eliminates CF2, l6 cyclo- 
propane isomerizes to propene without elimination. l7 

The activation energy for the former process is 38.6 
kcal, considerably less than the 65.5 kcal which is re- 
quired for the latter. Other excited highly fluorinated 
molecules such as 1,1,2,2-tetrafluorocyclopropane'8 and 
perfluoroethylene oxidelg also eliminate CF2. 

Although CFz is known to add to olefins to form 
cyclopropanes, g 7 1 0  no evidence for fluorocyclopropanes 
was found in the pyrolysis products. This does not 
rule out the intermediacy of highly fluorinated cyclo- 
propanes since these compounds have been shown to 
decompose readily a t  300°, 16~18~20 a temperature con- 
siderably below the pyrolysis temperature. However, 
these references and the thermochemical estimates of 
O'Neal and Benson21 show that highly fluorinated cyclo- 
propanes do not isomerize to propylenes, ruling these 
compounds out as a route to higher olefins. In par- 
ticular, pentafluorocyclopropanc cannot be the source 
of CF3CH=CF2 for it decomposes to CF2CFH and 
CF2CFz at  250". 

(14) I. L. Knunyants, L. 8. German, and I. N. Rozhkov, Im. Akad. 
Nauk SSR, 1674 (1962). The additional products, CFL!Fz and CFHCFH, 
implied by their mechanism would have escaped detection in their analytical 
procedure. 

(15) F. X. Powell and D. R. Lide, J .  Chem. Phys., 46, 1067 (1966). 
(16) B. Atkinson and D. McKeagen, Chem. Commun., 189 (1966). 
(17) W. E. Falconer, T. F. Hunter, and A. F. Trotman-Dickenson, 

J .  Chem. Soc., 609 (1961). 
(18) N. C. Craig, T.-N. Hu, and P. H. Martyn, J .  Phys. Chem., 73, 2234 

(1968). 
(19) M. Lenzi and A. Mele, J .  Chem. Phys., 48, 1974 (1965); N. Cohen 

and J. Heicklen, ibid. ,  70, 3082 (1966). 
(20) J. M. Birchall, R. N. Haszeldine, and D. W. Roberts, Chem. Com- 

mun., 287 (1967). 
(21) H. E. O'Neal and S. W. Benson, J .  Phys.  Chem., 78 ,  1866 (1968). 
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Experimental Section22 
1,1,3,3-Tetrafluoroacetone.-TFA was prepared by reaction of 

70 g of CFzClCOCFzCl (Allied Chemical Co.) and Hz on a 
palladium-on-charcoal catalyst in a monel flow system at  200' - 2 3  

Fractionation of the crude product, followed by preparative vpc 
of the 57-81' cut on the DBP-FP column29 at  75' gave material 
free of other acetones, 23 g (500j0), but still containing some HC1 
and water. HC1 was removed by passing the TFA as a gas over 
solid KzCO~, and water was removed by passage over P4010: ir 
3550 (w), 1785 (s), 1390 (m), 1345 (s), 1175 (s), 1115, 1100 (vs), 
860 (m), 675 (m), 565 (m), 525 (m), 435 cm-l (m). The wet 
TFA has additional gas phase bands a t  3620, 3020, 1320, 980, 
and 780 cm-l; pmr 6 6.1 (t with complex substructure, JHF 
(gem) = 54 Hz). 

Difluoroacetyl Fluoride.-CF2HCOF was made by reaction of 
KHFz and difluoroacetic anhydride (DFAA), which was ob- 
tained by refluxing difluoroacetic acid (Columbia Chemical Co.) 
over P4010.a4 DFAA (5.1 g) and KHFZ (0.65 g) were stirred and 
heated a t  130' for 2.5 hr while the product acid fluoride distilled 
into a trap held at -80°, yield 0.16 g. The identity of the acid 
fluoride, bp 2O, was established from its gas density and ir spec- 
trum: mol wt 99 g/mol (calcd 98 g/mol); ir 2980 (s), 1895, 1880, 
1870 (vs), 1365, 1380 (s), 1250 (s), 1145 (vs), 1110, 1100, 1090 
(vs), 915 (s), 860 (s), 740 (m), 575 cm-l (9); ir of DFAA 3000 
(m), 1870, 1800 (s), 1350 (s), 1220 (s), 1140, 1110, 1070 (vP), 
930 cm-1 (s). 
1,1,2,2-Tetrafluoroethane and Pentafluoroethane.-CF2HCF2H 

and CFSCFZH were prepared by overnight photolysis with a 
medium-pressure mercury lamp of an equimolar gaseous mixture 
of TFA and hexafluoroacetone in a 3-1. Pyrex flask." In addition 
to the desired ethanes the products included CF2H2, CFaH, and 
CF3CFa. Pure CFZHCFZH and pure CFaCF2H were isolated 
by repeated vpc on the DBP-FB column at  0'. Elution times: 
CFaCFs, 1.0; CFIH, 1.6; CSCF2H, 2.4; CFzH2, 3.9; and 

1,1,1 ,2-Tetrafluor0ethane.-CFsCFH2 was isolated from the 
TFA pyrolysis products by vpc at  0' on the DBP-FB column 
followed by the HC-FB column and identified by its ir spectrum. 

1,1,2,2,3,3-Hexafluoropropane and 1,1,2,2,3,3,4,4-Octafluoro- 
butane.-CFzHCF2CF2H was obtained from photolysis of a 
gaseous 100:16 Torr mixture of TFA and CFzCF2 (Peninsular 
ChemResearch Co.). This propane (29 mg) was isolated by, vpc 
on the HC-FB column at  0'. The propane was identified by its 
gas density and its p m P  and ir spectra: mol wt 146 g/mol 
(calcd 152 g/mol); pmr 6 5.9 (t of t ,  JHF = 53, 5.5 Hz); ir 
3000 (m), 1415 (s), 1380 (s), 1345 (s), 1295 (s), 1270 (vs), 1215 
(vs), 1185 (vs), 1120 (vs), 1085 (vs), 875 (s), 775 (m), 710 (s), 
645 (m), 575 (m), 450 cm-1 (m). 

A smaller fraction of moderate purity obtained from this 
photolysia was tentatively identified as CFzHCFZCFzCFzH on the 
basis of its gas density (11-mg sample) and ir  spectrum: mol wt 
181 g/mol (calcd 202 g/mol); ir 3000 (m), 1395 (m), 1350, 1255, 
1235 (s), 1150 (vs), 1120 (vs), 1065 (s), 840 (m), 790 (m), 700 
(m), 565 cm-l (m). 

1,1,3,3,3-Pentafluoropropene-l and 1,1,2,2,3,3-Heptafluoro- 
propane.-A fluoroalkane and a fluoroalkene, separated from the 
products of pyrolysis of TFA by the HC-FB and DBP-FB 
columns at  O o ,  were identified as CFaCHCFz and CF~CFZCFZH 
by their ir spectra. 

CFzHCFzH, 9.7. 

(22) Gas phase ir spectra were run on a Perkin-Elmer Model 621 spec- 
trometer, and nmr spectra were run on a Varian A-60 spectrometer with 
TMS as an internal standard and CFCla as a solvent. Preparative and 
analytical vpc was performed with 4 m X 1.0 om columns packed with 20% 
dibutyl phthalate on either Fluoropak 80 (DBP-FP) or firebrick (DBP-FB) 
and halocarbon oil on firebrick (HC-FB). 

(23) J. Gordon and C. Woolf, U. S. Patent 2,917,546 and General Chemi- 
cal Division of Allied Chemical Co. product development data sheets. 

(24) E .  Sawicki, J .  OTQ. Chem., 21, 376 (1956). Control of the purity of 
DFAA made by this method is difficult. The pyrolysis of DFAA is a possible 
aource of CF?CO in analogy to  the pyrolysis of (CHsC0)zO to  give ketene; 
cf. M .  Szwarc and J. Murawski, Trans. Faraday Soc., 47, 269 (1951). Pyroly- 
sis of DFAA in a flow system in a monel tube at  400' gave HF, CO, and 
CFaHCOF as principal products. Pyrolysis at  700" yielded COz, CFGFa, 
and formyl fluoride. Neither CFzCO nor CFsH were obtained in temperature 
range 260-700°. 

(25) G. 0. Pritchard and J. T. Bryant, J .  Phys. Chem., 7 0 ,  1441 (1966). 
(26) D. D. Elleman, L. C. Brown, and D. Williams, J .  Mol. Spsctrosc. ,  

7 ,  322 (1961), gave -0.68-ppm shift relative to  an external 10% water in 
deuterium oxide reference and J H F  = 52.7, 8.5 Hz. The proton resonance 
was not fully resolved. 

Other Fluorocarbons.-Analytical samples of CF2Hz, CF3H, 
CFZCFZ, CFZCFH, and SiFd were obtained from commercial 
sources. 

Pyrolysis of Difluorodiazirine with Hydrogen Fluoride .-A 
60:240 Torr gaseous mixture of C F Z N ~  and H F  (Matheson Co.) 
was heated for 4 hr a t  155' in a monel cylinder. Products, in 
addition to nitrogen, were CFaH (10%) and COa (go%), based 
on available CFZ. The monel cylinder was not given a prior 
treatment to remove any oxide film from the interior, and water 
may have been present in the HF.  

Pentafluorocyc1opropane.-c-CsFsH was prepared by heating a 
mixture of CFZNZ and CFzCFH.27 c-CsF6H (0.8 mmol, 30% 
yield) was separated from the other condensable product, per- 
fluorocyclopropane, by vpc: ir 3140 (m), 1530 (m), 1325, 1320 
(s), 1270 (vs), 1250 (vs), 1225, 1215 (vs), 1180, 1175 (m), 970, 
965 (s), 830 (s), 780 (s), 685, 675 (w), 600 (m), 530 (m), 430 
cm-l (m). C-CaFsH was heated in a Pyrex tube at  250' yielding 
CFZCFH and C F Z C F ~  as principal products with some perfluoro- 
cyclopropane. 

Pyrolysis of Tetrafluoroacet0ne.-TFA was pyrolyzed in a 
flow system, which was built onto a conventional vacuum system, 
with He as a carrier gas. Reaction took place in a 20 x 1.8 cm 
carbonized quartz tube. (Although TFA pyrolyzed readily a t  
650' in the quartz tube, no pyrolysis was observed in a monel 
tube even at  830O.) Helium, a t  atmospheric pressure, bubbling 
through TFA in a trap maintained a t  room temperature, picked 
up the acetone a t  a pressure of about 100 Torr. Products were 
collected in three traps. The trap next to the furnace was main- 
tained a t  -30°, somewhat above the freezing point of TFA; 
the other two were at -195'. Noncondensable gases were 
continuously vented to the atmosphere. The flow rate of He 
ranged from 8.7 to 6.0 l./hr, giving a contact time of 3.34.5 
sec. Temperature was measured with two thermocouples placed 
inside the furnace. 

Condensable products were analyzed primarily by infrared 
spectrometry, using literature spectra for identification whenever 
possible.28 The 10-cm gas cell was constructed with a monel 
body and 5-cm KBr windows sealed with 0 rings. During an 
analysis, involatile deposits, absorbing at  1120-1020, 730, and 
475 cm-1, built up on the cell windows, making frequent re- 
polishing necessary. Products condensed in the two - 195" 
traps were combined in a mixing flask, from which were obtained 
gaseous samples for representative spectra a t  various pressures. 
Generally, the overlap of useful, strong absorption bands, par- 
ticularly in the 1400-1000-~m-~ region, was such that a second 
step was necessary to obtain an analysis. The entire - 195" frac- 
tion was condensed in a bulb, and gaseous aliquots were taken in 
sequence for ir spectra by allowing the material to warm slowly 
from - 195'. This procedure gave significantly simplified spectra 
of mixtures of products having similar boiling points. Analylical 
vpc, using HC-FB and DBP-FB columns at O o ,  with ir analyses 
on various fractions was also used to complement the boil-off 
method. In the -30' trap, essentially only unreacted TFA was 
found. 

CO, the only noncondensable product, was determined by 
diluting a portion of the gaseous He-CO mixture from each trap 
with a measured quantity of air and then analyzing by vpc. A 
4 m X 1.0 cm activated charcoal column at  room temperature 
was used. From the CO-NZ ratio, the He (plus CO)-N2 ratio, 
the flow rate of He, and the duration of the run, the amount of 
CO was calculated. 

Registry No.-TFA, 360-52-1 ; CF2HCOF, 2925- 
22-6 ; CFZHCFZCFZH, 680-00-2 ; CFZHCF~CF~CFZH, 
377-36-6 ; c-C~FSH, 872-58-2. 

(27) R. A. Mitsch, J .  Heterocycl. Chem., 1, 271 (1964). 
(28) CFsH, E. K. Plyler and W. 8. Benedict, J .  Res. Nat. Bur. Stand., 

47, 202 (1951); CF?H?, ibid., 47, 202 (1951); CFCH?,  W. F. Edgell and 
C. J. Ultee, J .  Chem. Phys., 2 2 ,  1983 (1954); CFKFz, J. R. Nielsen, H. H. 
Claassen, and D. C. Smith, ibid., 18, 812 (1950); C F G F H ,  D. E. Mann, 
N. Acquista, and E .  K. Plyler, ibid., 22, 1586 (1954); CFaCFzH, J. R .  
Nielsen, H. H. Claassen, and N. B. Moran, ibid., 23, 329 (1955); CFzHCFgH, 
P. Klaboe and J. R. Nielsen, ibid., 32, 899 (1960); CFsCFHz, W. F. Edgell, 
T. R. Riethoff, and C. Ward, J. Mol. S p e c t ~ o ~ . ,  11,92 (1963); CFaCFzCF& 
N. B. S. Spectra File, No, 363; CFsCHCF?, R.  N. Hasaeldine and B. R. 
Steele, J. Chem. Soc., 923 (1954), and D. M .  S. SpectraFile, No. 77a; FzCO, 
A. H. Nielsen, T. G. Burke, P. J. H. Woltz, and E.  A. Jones, J .  Chem. Phus., 
20, 596 (1952). Grating quality gas phase reference spectra and abeorption 
coefficients for principal bands are on file. 
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Organic Oxalates. VI. Pyrolysis of Di(a-substituted benzyl) Oxalates1 

WALTER S. TRAHANOVSKY,'~ CHING CHING ONG, JAMES G. PATAKY,~~ 
FREDERICK L. WEITL, PATRICK W. MULLEN, JON C. CLARDY, AND ROBERTA S. HANSEN 

Department of Chemistry, Iowa State University of Science and Technology, Ames ,  Iowa 60010 

Received March  I%, 19Yl 

Products from the low-pressure gas phase pyrolysis of di(a-substituted benzyl) oxalates are reported. Di- 
(a-substituted benzyl) oxalates which contain p hydrogen atoms undergo an elimination reaction in addition to 
homolytic decomposition to a-substituted benzyl radicals. Coupling of a-substituted benzyl radicals occurs 
only when the a substituent is a methyl or trifluoromethyl group. When the a substituent is a trichloromethyl, 
an ethyl, a pentafluoroethyl, or an isopropyl group, p scission is the chief reaction of the radicals. No evidence 
for disproportionation of the radicals is presented. The mesoldl ratios for the coupling products from the a- 
methylbenzyl and a-trifluoromethylbenzyl radicals are 52:48 and 42: 58, respectively. Mechanistic implica- 
tions of these results are discussed. 

Recently we reported that pyrolysis of ring-sub- 
stituted dibenzyl oxalates under vacuum gave exclu- 
sively bibenzyls resulting from coupling of benzyl 
radicah2 These oxalates did not contain p hydrogen 
atoms and consequently could not undergo elimination 
reactions such as those observed by Karabatsos and 
coworkers who pyrolyzed dialkyl oxalates that pos- 
sessed p hydrogen atoms in the liquid phasea3 In  
this paper we report the study of di(a-substituted 
benzyl) oxalates. One objective of this study was to  
determine if the pyrolysis of an oxalate that contains 
p hydrogen atoms under our conditions leads to an 
elimination reaction or benzyl radical formation. 
Another objective was to determine the fate of a- 
substituted benzyl radicals in cases where they are 
produced. Specifically, we wished to know whether 

0 
CHRz 

CHRz ( 1  A I 
(Ar b H-O-C+ + ArCH=CR2 or ArCH 

these radicals couple, disproportionate, or undergo 
p scission under our conditions, and the mesoldl 
ratio of the coupling products when coupling occurs. 

ArCHCHRz + 
ArCH--CHAr + ArCH=CRZ + ArCH=CHR ? 

+ + HLR2 HCR, 
mesoldl = ? ArCHzCHRz .R 
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Results 

Glpc and nmr analyses of the? pyrolysate of di- 
a-methylbenzyl oxalate at 570" showed that styrene 
was the main product and benzaldehyde and meso- 
and dl-2,3-diphenylbutanes were minor products ob- 
tained in comparable amounts. Pyrolyses carried 
out from 400 to  650" showed that the ratio of styrene 
to 2,3-diphenylbutanes ranged from 4.9 to  9.0. The 
large amount of styrene probably comes from a con- 
certed cyclic elimination pathway, the usual pyrolytic 
route of  ester^,^ since disproportionation of the a- 
methylbenzyl radical should lead to ethylbenzene in 
addition to styrene and only a negligible amount of 
ethylbenzene was detected. Thus di-a-methylbenzyl 
oxalate seems to  decompose chiefly by the elimination 
route and the main reaction of the a-methylbenzyl 
radicals which are produced is coupling to  form the 
2,3-diphenylbutane diastereomers. The origin of ben- 
zaldehyde is not clear, and it may come from the 
mono-a-methylbenzyl oxalate which results from the 
elimination reaction. 

The mesoldl ratio of the 2,3-diphenylbutanes 
produced at  480" was found to  be 52/48. The meso 
isomer was passed through the oven heated to  480" 
with negligible isomerization to  the d l  isomer. 

Pyrolysis of di-a-trifluoromethylbenzyl oxalate a t  
650" gave the two isomers of 2,3-diphenyl-1,1,1,4,4,'4- 
hexafluorobutane (DPHFB) in 40% yield. These 
isomers were separated by glpc (SE-30 column) 
and their structures were confirmed by nmr, ir, and 
mass spectra and elemental analyses. The lower 
melting isomer, mp 73-75', was assigned the d l  struc- 
ture and the other isomer, mp 156-158", was assigned 
the meso structure since the symmetry of the unit 
cell of the higher melting isomer demands that the 
molecule has an inversion center. Only the meso 
isomer can have a center of symmetry. Weissenberg 
photographs of a single crystal of the high melting 
isomer showed the Dz,  Laue symmetry appropriate 
for the orthorhombic crystal class. The cell con- 
stants, measured from Weissenberg photographs, are ,a 
= 14.43 f 0.08, b = 7.41 f 0.01, c = 13.28 f 0.05 A. 

(4) C. H. DePuy and R.  W. King, Chem. Rev., 60, 431 (1960). 


